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Microelectronics and the Personal Computer Rates of progress in microelectronics suggest that in about a decade many people wIll possess a notebook-size computer with the capacity of a large computer of today. What might such a system do for them? by Alan C. Kay



he future increase in capacity and decrease in cost of microelectron ic devices will not only give rise to compact and powerful hardware but also bring qualitative changes in the way human beings and computers interact. In the 1980's both adults and children will be able to have as a personal pos session a computer about the size of a large notebook with the power to handle virtually all their information-related needs. Computing and storage capacity will be many times that of current mi crocomputers: tens of millions of basic operations per second will manipulate the equivalent of several thousand print ed pages of information. The personal computer can be regard ed as the newest example of human mediums of communication. Various means of storing, retrieving and manip ulating information have been in exis tence since human beings began to talk. External mediums serve to capture in ternal thoughts for communication and, through feedback processes, to form the paths that thinking follows. Although digital computers were originally de signed to do arithmetic operations, their ability to simulate the details of any descriptive model means that the com puter, viewed as a medium, can simu late any other medium if the methods of simulation are sufficiently well de scribed. Moreover, unlike conventional mediums, which are passive in the sense that marks on paper, paint on canvas and television images do not change in



T



response to the viewer's wishes, the computer medium is active: it can re spond to queries and experiments and can even engage the user in a two-way conversation. The evolution of the personal com puter has followed a path similar to that of the printed book, but in 40 years rath er than 600. Like the handmade books of the Middle Ages, the massive com puters built in the two decades before 1960 were scarce, expensive and avail able to only a few. Just as the invention of printing led to the community use of books chained in a library, the introduc tion of computer time-sharing in the 1960's partitioned the capacity of ex pensive computers in order to lower their access cost and allow community use. And just as the Industrial Revolu tion made possible the personal book by providing inexpensive paper and mech anized printing and binding, the mi croelectronic revolution of the 1970's will bring about the personal comput er of the 1980's, with sufficient storage and speed to support high-level com puter languages and interactive graphic displays. deally the personal computer will be designed in such a way that people of all ages and walks of life can mold and channel its power to their own needs. Architects should be able to simulate three-dimensional space in order to re flect on and modify their current de signs. Physicians should be able to store
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COMPUTER SIMULATIONS generated on a high-resolutiou television display at the Evans



& Sutherland Computer Corporation show the quality of the images it should eventually be



possible to present on a compact personal computer. The pictures are frames from two dynam ic-simulation programs that revise an image 30 times per second to represent the continuous motion of objects in projected three-dimensional space. The sequence at the top, made for the National Aeronautics and Space Administration, shows a space laboratory being lifted out of the interior of the space shuttle. The sequence at the bottom, made for the U.S. Maritime Ad ministration, shows the movement of tankers in New York harbor. Ability of the personal com puter to simulate real or imagined phenomena will make it a new medium of communication.



and organize a large quantity of infor mation about their patients, enabling them to perceive significant relations that would otherwise be imperceptible. Composers should be able to hear a composition as they are composing it, notably if it is too complex for them to play. Businessmen should have an ac tive briefcase that contains a working simulation of their company. Educators should be able to implement their own version of a Socratic dialogue with dy namic simulation and graphic anima tion. Homemakers should be able to store and manipulate records, accounts, budgets. recipes and reminders. Chil dren should have an active learning tool that gives them ready access to large stores of knowledge in ways that are not possible with mediums such as books. How can communication with com puters be enriched to meet the diverse needs of individuals? If the computer is to be truly "personal." adult and child users must be able to get it to perform useful activities without resorting to the services of an expert. Simple tasks must be simple, and complex ones must be possible. Although a personal computer will be supplied with already created simulations, such as a general text edi tor, the wide range of backgrounds and ages of its potential users will make any direct anticipation of their needs very difficult. Thus the central problem of personal computing is that nonexperts will almost certainly have to do some programming if their personal comput er is to be of more than transitory help. To gain some understanding of the problems and potential benefits of per sonal computing my colleagues and I at the Xerox Palo Alto Research Center have designed an experimental personal computing system. We have had a num ber of these systems built and have stud ied how both adults and children make use of them. The hardware is faithful in capacity to the envisioned notebook-
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size computer of the 1980·s. although it is necessarily larger. The software is a new interactive computer-language sys tem called SMALLTALK. In the design of our personal comput ing system we were influenced by re search done in the late 1960·s. At that time Edward Cheadle and I, working a, the University of Utah. designed FLEX. the first personal computer to directly support a graphics- and simulation-ori ented language. Although the FLEX de sign was encouraging. it was not com prehensive enough to be useful to a wide variety of nonexpert users. We then be came interested in the efforts of Sey mour A. Papert. Wallace Feurzeig and others working at the Massachusetts In stitute of Technology and at Bolt. Ber anek and Newman. Inc .. to develop a computer-based learning environment in which children would find learning both fun and rewarding. Working with a



large time-shared computer. Papert and Feurzeig devised a simple but powerful computer language called LOGO. With this language children (ranging in age from eight to 12) could write programs to control a simple music generator. a robot turtle that could crawl around the floor and draw lines. and a television image of the turtle that could do the same things. After observing this project we came to realize that many of the problems involved in the design of the person computer. particularly those having to do with expressive communication. were brought strongly into focus when children down to the age of six were seriously considered as users. We also realized that children require more computer power than an adult is willing to settle for in a time-sharing system. The best outputs that time-sharing can provide are crude green-tinted line
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drawings and square-wave musical tones. Children. however. are used to finger paints. color television and stereo phonic records. and they usually find the things that can be accomplished with a low-capacity time-sharing system insuf ficiently stimulating to maintain their in terest. Since LOGO was not designed with all the people and uses we had in mind. we decided not to copy it but to devise a new kind of programming system that would attempt to combine simplicity and ease of access with a qualitative im provement in expert-level adult pro gramming. In this effort we were guided. as we had been with the FLEX system. by the central ideas of the programming language SIMULA. which was developed in the mid-1960's by Ole-Johan Dahl and Kristen Nygaard at the Norwegian Computing Center in Oslo. Our experimental personal computer



EXPERIMENTAL PERSONAL COMPUTER was built at the Xe



computing on learning. The machine is completely self-contained,



rox Palo Alto Research Center in part to develop a bigh-Ievel pro



consisting of a keyboard, a pointing device, a high-resolution picture



gramming language that would enable nonexperts to write sophisti



display and a sound system, all connected to a small processing unit



cated programs. The author and his colleagues were also interested



and a removable disk-file memory. Display can present thousands of characters approaching the quality of those in printed material.



in using the experimental computer to study the effects of personal
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We help process one-fourth 0' all every day. uses world the oil and gas the And that's being accomplished by just one member of Combus tion Engineering: C-E Natco. C-E Natco helps de-salt, de-foam, de-water and do other processing needed to prepare oil and gas for the pipeline. And, besides processing it, we also help drill for it, extract it, pump it, clean it, deliver it and refine it. Gray Tool Company, a new member of the C-E family, pio neered the first wellhead assem bly able to operate at pressures of 30,000 pounds per square



inch -extending the search for oil and gas into earth layers t to control before. too d ifficul C- E Crest has designed systems that produce lO-million barrels of oil a day. C- E Lummus engineered over 30% of Europe's refining capacity. And is responsible for the design and construction of deck facilities for off-shore platforms in the North Sea that can withstand 130-mph winds and l00-foot-high waves.



We do more than help oil and gas.



process



For over 60 years, we' ve been supplying equipment, tech-
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nology and research to help uce energy, conserve it, prod squeeze more use out of it, even convert it to new forms. on about nformati For more i our activities around the world, ustion Engineering, Comb write Inc., Dept. 7008-33,902 Long Ridge Road, S , tamford Connecticut 06902.



� COMBUSTION 'L.=] ENGINEERING " The



Energy S ystems Company



is self-contained and fits comfortably into a desk. Long-term storage is provid ed by removable disk memories that can hold the equivalent of 1.500 printed pages of information (about three mil lion characters). Although image dis plays in the 1980's will probably be flat-screened mosaics that reflect light as liquid-crystal watch displays do. vi sual output is best supplied today by a high-resolution black-and-white or col or television picture tube. High-fidelity sound output is produced by a built-in conversion from discrete digital signals to continuous waveforms. which are then sent to a conventional audio ampli fier and speakers. The user makes his primary input through a typewriter like keyboard and a pointing device called a



mouse. which controls the position of an arrow on the screen as it is pushed about on the table beside the display. Other input systems include an organ like keyboard for playing music. a pen cillike pointer. a joystick. a microphone and a television camera. The commonest activity on our per sonal computer is the manipulation of simulations already supplied by the SMALLTALK system or created by the user. The dynamic state of a simulation is shown on the display. and its general course is modified as the user changes the displayed images by typing com mands on the keyboard or pointing with the mouse. For example. formatted tex tual documents with multiple typefaces are simulated so that an image of the



finished document is shown on the screen. The document is edited by point ing at characters and paragraphs with the mouse and then deleting. adding and restructuring the document's parts. Each change is instantly reflected in the document's image. In many instances the display screen is too small to hold all the information a user may wish to consult at one time. and so we have developed "windows." or simulated display frames within the larger physical display. Windows orga nize simulations for editing and display. allowing a document composed of text. pictures. musical notation. dynamic ani mations and so on to be created and viewed at several levels of refinement. Once the windows have been created they overlap on the screen like sheets of paper; when the mouse is pointed at a partially covered window. the window is redisplayed to overlap the other win dows. Those windows containing useful but not immediately needed informa tion are collapsed to small rectangles that are labeled with a name show ing what information they contain. A "touch" of the mouse causes them to instantly open up and display their contents. n the present state of the art software development is much more difficult and time-consuming than hardware de velopment. The personal computer will eventually be put together from more or less standard microelectronic compo nents. but the software that will give life to the user's ideas must go through a long and arduous process of refinement if it is to aid and not hinder the goals of a personal dynamic medium. For this reason we have over the past four years invited some 250 children (aged six to 15) and 50 adults to try ver sions of SMALLTALK and to suggest ways of improving it. Their creations. as imag inative and diverse as they themselves. include programs for home accounts. information storage and retrieval. teach ing. drawing. painting. music synthesis. writing and games. Subsequent designs of SMALLTALK have been greatly influ enced and improved by our visitors' projects. When children or adults first encoun ter a personal computer. most of them are already involved in pursuits of their own choosing. Their initial impulse is to exploit the system to do things they are already doing: a home or office manager will automate paperwork and accounts. a teacher will portray dynamic and pic torial aspects of a curriculum. a child will work on ways to create pictures and games. The fact is that people naturally start to conceive and build personal tools. Although man has been charac terized as the toolmaking species. tool making itself has historically been the
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"WINDOWS," display frames within the larger display screen, enahle the user to organize and edit information at several levels of refinement. Once the windows are created they overlap on the screen like sheets of paper. When a partially covered window is selected with the pointing device, the window is redisplayed to overlap the other windows. Images with various degrees of symbolic content can be displayed simultaneously. Such images include detailed halftone drawings, analogical images such as graphs and symbolic .images such as numbers or words.
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province of technological specialists. One reason is that technologies fre quently require special techniques, ma terials, tools and physical conditions. An important property of computers, however , is that very general tools for using them can be built by anyone. These tools are made from the same ma terials and with the same effort as more specific creations. Initially the children interact with our computer by "painting" pictures and drawing straight lines on the display screen with the pencillike pointer. The children then discover that programs can create structures more complex than any they can create by hand. They learn that a picture has several represen tations, of which only the most obvi ous-the image-appears on the screen. The most important representation is the editable symbolic model of the pic ture stored in the memory of the com puter. For example, in the computer an image of a truck can be built up from models of wheels, a cab and a bed, each a different color. As the parts of the symbolic model are edited its image on the screen will change accordingly. Adults also learn to exploit the prop erties of the computer medium. A pro fessional artist who visited us spent sev eral months building various tools that resembled those he had worked with to create images on paper. Eventually he discovered that the mosaic screen-the



indelible but instantly erasable storage of the medium-and his new ability to program could be combined to create rich textures of a kind that could not be created with ink or paint. From the use of the computer for the impoverished simulation of an already existing medi um he had progressed to the discovery of the computer's unique properties for human expression. ne of the best ways to teach nonex perts to communicate with com puters is to have them explore the levels of abstraction at which images can be manipulated. The manipulation of im ages follows the general stages of intel lectual growth. For a young child an im age is something to make: a free mixture of forms and colors unconnected with the real world. Older children create images that directly represent concepts such as people, pets and houses. Later analogical images appear whose form is closely related to their meaning and pur pose, such as geometric figures and graphs. In the end symbolic images are used that stand for concepts that are too abstract to analogize, such as num bers, algebraic and logical terms and the characters and words that consti tute language. The types of image in this hierarchy are increasingly difficult to represent on the computer. Free-form and literal im ages can be easily drawn or painted with
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SMALLTALK is a new programming language developed at the Xerox Palo Alto Research Center for use on the experimental personal computer. It is made up of "activities." computer like entities that can perform a specific set of



tasks and can also communicate with other activ



ities in the system. New activities are created by enriching existing families of activities with additional "traits," or abilities, which are defined in terms of a method to be carried out. The description of the family "box" shown here is a dictionary of its traits. To create a new member of the family box, a message is sent to the trait "new" stating the characteristics of the new hox in terms of specific values for the general traits "location," "angle" and "size." In this example "new" has been filled in to specify a box located in the center of the screen with an angle of zero degrees and a side 100 screen dots long. To "show" the new hox, a member of the curve drawing family "brush" is given directions by the open trait "shape." First the brush travels to the specified location, turns in the proper direction and appears on the screen. Then it draws a square by traveling the distance given by "size," turning 90 degrees and repeating these actions three more times. The last trait on the list is open, indicating that a numerical value is to be supplied by the user when the trait is invoked by a message. A box is "grown" by first eras ing it, increasing (or decreasing) its size by the value supplied in the message and redisplaying it.
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lines and halftones in the dot matrix of the display screen with the aid of the mouse or in conjunction with programs that draw curves, fill in areas with tone or show perspectives of three-dimen sional models. Analogical images can also be generated, such as a model of a simulated musical intrument: a time-se quenced graph representing the dynam ic evolution of amplitude, pitch varia tion and tonal range. Symbolic representations are partic ularly useful because they provide a means of handling concepts that are dif ficult to portray directly, such as gener alizations and abstract relations. More over, as an image gets increasingly com plex its most important property, the property of making local relations in stantly clear, becomes less useful. Com munication with computers based on symbols as they routinely occur in natu ral language, however, has proved to be far more difficult than many had sup posed. The reason lies in our lack of understanding of how human beings ex ploit the context of their experience to make sense of the ambiguities of com mon discourse. Since it is not yet under stood how human beings do what they do, getting computers to engage in simi lar activities is still many years in the future. It is quite possible, however , t() invent artificial computer languages that can represent concepts and activi ties we do understand and that are sim ple enough in basic structure for them to be easily learned and utilized by non experts. The particular structure of a symbolic language is important because it pro vides a context in which some concepts are easier to think about and express than others. For example, mathematical notation first arose to abbreviate con cepts that could be expressed only as ungainly circumlocutions in natural lan guage. Grad ually it was realized that·the form of an expression could be of great help in the conception and manipulation of the meaning for which the expression stood. A more important advance came when new notation was created to rep resent concepts that did not fit into the culture'S linguistic heritage at all, such as functional mappings, continu ous rates and limits. The computer created new needs for language by inverting the traditional process of scientific investigation. It made new universes available that could be shaped by theories to produce simu lated phenomena. Accordingly symbol ic structures were needed to communi cate concepts such as imperative de scriptions and control structures. Most of the programming languages in service today were developed as sym bolic ways to deal with the hardware level concepts of the 1950's. This ap proach led to two kinds of passive build ing blocks: data structures, or inert con-



Message Interaction



g box new named "joe" ! box:joe



g joe turn 30! ok



g joe grow-15 ! ok



Pictorial Effect



D



Commentary



An offspring of the family "box" is created and is named "joe."



o



The box joe receives the message and turns degrees.



30



o



Joe becomes smaller by



g joe erase !



Joe



15 units.



disappears from the screen.



ok



g joe show !



Joe reappears.



ok



g box new named "jill" !



A new



box



appears.



box:jill



g jill turn-l O !



Only jill turns. Joe and jill independent activities.



ok



are



g 1 tol0 !



An interval stands for of numbers.



g forever !



Forever is the infinite interval. It must be terminated by hitting an escape key.



interval:12345678910



interval: 12345678910 11...



g 1 to 10 do Ooe turn20) !



Joe



a sequence



spins.



ok



g forever do Ooe turn 11. jill turn -13) !



A



simple parallel movie of joe and jill spinning in opposite directions is created by combining forever with a turn request to both joe and jill.



ok



SMALLTALK LEARNING SEQUENCE teaches students the ba sic concepts of



the language by having them interact with an already



defined family of activities. First, offspring of the family box are cre-



ated, named and manipulated, and a second family of activities called "interval" is introduced. Offspring of the interval and box families are then combined to generate an animation of two spinning boxes.
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._.1 HELICOPTER SIMULATION was developed by a 1S-year-old student. The user directs the helicopter where to go with the pointing



struction materials, and procedures, or step-by-step recipes for manipulating data. The languages based on these con cepts (such as BASIC, FORTRAN, ALGOL and APL ) follow their descriptions in a strictly sequential manner. Because a piece of data may be changed by any procedure that can find it the program mer must be very careful to choose only those procedures that are appropriate. As ever more complex systems are at tempted, requiring elaborate combina tions of procedures, the difficulty of get ting the entire system to work increases geometrically. Although most program mers are still taught data-procedure lan guages, there is now a widespread recog nition of their inadequacy. A more promising approach is to de vise building blocks of greater generali ty. Both data and procedures can be re placed by the single idea of "activities," compnterlike entities that exhibit be havior when they are sent an appropri-



device, which controls the position of the black arrow on the screen, The window at the top shows the changing topography of the terrain



ate message. There are no nouns and verbs in such a language, only dynami cally communicating activities. Every transaction, description and control process is thought of as sending mes sages to and receiving messages from activities in the system. Moreover, each activity belongs to a family of similar activities, all of which have the ability to recognize and reply to messages di rected to them and to perform specific acts such as drawing pictures, making sounds or adding numbers. New fami lies are created by combining and en riching "traits," or properties inherited from existing families. A message-activity system is inherent ly parallel: every activity is constantly ready to send and receive messages, so that the host computer is in effect divid ed into thousands of computers, each with the capabilities of the whole. The message-activity approach therefore en ables one to dynamically represent a



system at many levels of organization from the atomic to the macroscopic, but with a "skin" of protection at each quali tative level of detail through which ne gotiative messages must be sent and checked. This level of complexity can be safely handled because the language se verely limits the kinds of interactions between activities, allowing only those that are appropriate, much as a hor mone is allowed to interact with only a few specifically responsive target cells. SMALLTALK, the programming system of our personal computer, was the first computer language to be based entirely on the structural concepts of messages and activities. The third and newest framework for high-level communication is the observ er language. Although message-activity languages are an advance over the data procedure framework, the relations among the various activities are some what independent and analytic. Many
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:::?,= CIRCUIT-DRAWING PROGRAM that was developed by a 15year-old boy enables a user to construct a complex circuit diagram by



selecting components from a "menu" displayed at the bottom of the screen. The components are then positioned and connected with the
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below as tbe belicopter flies over it. (Actual terrains were obtained



altitude, direction and speed. Tbe variety of events tbat can be simu



from



lated at tbe same time demonstrates tbe power of parallel processing.



Landsat maps.) A tbird window keeps track of tbe belicopter's



concepts. however. are so richly inter woven that analysis causes them virtual ly to disappear. For example, 20th-cen tury physics assigns equal importance to a phenomenon and its context. since observers with different vantage points perceive the world differently. In an ob server language. activities are replaced by "viewpoints" that become attached to one another to form correspondences between concepts. For example. a dog can be viewed abstractly (as an animal), analytically (as being composed of or gans, cells and molecules), pragmatical ly (as a vehicle by a child), allegorically (as a human being in a fairy tale) and contextually (as a bone's way to fertilize a lawn). Observer languages are just now being formulated. They and their successors will be the communication vehicles of the 1980·s. Our experience. and that of others who teach programming, is that a first computer language's particular style



and its main concepts not only have a strong influence on what a new pro grammer can accomplish but also leave an impression about programming and computers that can last for years. The process of learning to program a com puter can impose such a particular point of view that alternative ways of perceiv ing and solving problems can become extremely frustrating for new program mers to learn. At the beginning of our study we first timidly considered simulating features of data-procedure languages that chil dren had been able to learn. such as BA SIC and LOGO. Then, worried that the im printing process would prevent stronger ideas from being absorbed. we decided to find a way to present the message-ac tivity ideas of SMALLTALK in concrete terms without dilution. We did so by starting with simple situations that em bodied a concept and then gradually in creasing the complexity of the examples



to flesh out the concept to its full gener ality. Although the communicationlike model of SMALLTALK is a rather abstract way to represent descriptions. to our surprise the first group and succeeding groups of children who tried it appeared to find the ideas as easy to learn as those of more concrete languages. For example, most programming lan guages can deal with only one thing at a time. so that it is difficult to represent with them even such simple situations as children in a school. spacecraft in sky or bouncing balls in free space. In SMALLTALK parallel models are dealt with from the start, and the children seem to have little difficulty in handling them. Actually parallel processing is re markably similar to the way people think. When you are walking along a street. one part of your brain may be thinking about the route you are tak ing, another part may be thinking about the dinner you are going to eat. a



the



third



pointing device. An additional menu can be generated on the screen



and open dots and lines of various widths. In tbe sequence shown



by pushing a button on the pointing device; this menu supplies solid



here two components are selected and added to a circuit diagram.
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HORSE-RACE ANIMATION shows the capabilities of the experi mental personal computer for creating dynamic halftone images. The possible range of such simulations is limited only by the versatility of the programming language and the imagination of the child or adult



user. In this sequence, images of horses, riders and background are called up independently from the storage files and arranged for the racing simulation with the pointing device. A single typed command then causes the two horses and riders to race each other across screen.
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part may be admiring the sunset. and so forth. Another important characteristic of SMALLTALK is the classification of ob jects into families that are generaliza tions of their properties. Children readi ly see themselves as members of the family "kids." since they have common traits such as language, interests and physical appearance. Each individual is both a member of the family kids and has his or her own meaning for the shared traits. For example, all kids have the trait eye color, but Sam's eyes are blue and Bertha's are brown. SMALL TALK is built out of such families. Num ber symbols, such as 2 or 17, are in stances of the family "number." The members of this family differ only in their numerical value (which is their sole property) and share a common def inition of the different messages they can receive and send. The symbol of a "brush" in SMALLTALK is also a family. All the brush symbols have the ability to draw lines, but each symbol has its own knowledge of its orientation and where it is located in the drawing area. he description of a programming language is generally given in terms of its grammar: the meaning each gram matical construction is supposed to con vey and the method used to obtain the meaning. For example, various pro gramming languages employ grammati cal constructions such as (PLUS 3 4) or 3 ENTER 4 + to specify the intent to add the number to the number 4. The meaning of these phrases is the same. In the computer each should give rise to the number 7, although the actual meth ods followed in obtaining the answer can differ considerably from one type of computer to the next. The grammar of SMALLTALK is simple and fixed. Each phrase is a message to an activity. A description of the desired activity is followed by a message that selects a trait of the activity to be per formed. The designated activity will de cide whether it wants to accept the mes sage (it usually does) and at some later time will act on the message. There may be many concurrent messages pending for an activity, even for the same trait. The sender of the message may decide to wait for a reply or not to wait. Usual ly it waits, but it may decide to go about other business if the message has in voked a method that requires consider able computation. The integration of programming-lan guage concepts with concepts of edit ing, graphics and information retrieval makes available a wide range of useful activities that the user can invoke with little or no knowledge of programming. Learners are introduced to SMALL TALK by getting them to send messages to al ready existing families of activities, such
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MUSIC CAN BE REPRESENTED on the personal computer in the form of analogical im ages. Notes played on the keyboard are "captured" as a time-sequenced score on the display.
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MUSICAL SCORE shown here was generated as music was played on the keyboard. The sim plified notation represents pitch by vertical placement and duration by horizontal length. Notes can be shortened, lengthened or changed and the modified piece then played back as music.
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as the family "box." whose members show themselves on the screen as squares. A box can individually change its size. location. rotation and shape. Af ter some experience with sending mes sages to cause effects on the display screen the learner may take a look at the definition of the box family. Each fami ly in SMALLTALK is described with a dic tionary of traits. which are defined in terms of a method to be carried out. For example. the message phrase "joe grow 50" says: Find the activity named "joe." find its general trait called "grow " and fill its open part with the specific value 50. A new trait analogous to those already present in the family definition (such as "grow" or "turn") can easily be added by the learner. The next phase of learning involves elaboration of this ba sic theme by creating games such as space war and tools for drawing and painting.



-I



in



here are two basic approaches to personal computing. The first one. which is analogous to musical improvi sation. is exploratory: effects are caused in order to see what they are like and errors are tracked down. understood and fixed. The second. which resembles musical composition. calls for a great deal more planning. generality and structure. The same language is used for both methods but the framework is quite different. From our study we have learned the importance of a balance between free exploration and a developed curricu lum. The personal computing experi ence is similar to the introduction of a piano into a third-grade classroom. The children will make noise and even music by experimentation. but eventually they will need help in dealing with the instru ment in nonobvious ways. We have also found that for children the various lev els of abstraction supplied by SMALL TALK are not equally accessible. The central idea of symbolization is to give a simple name to a complex collection of ideas. and then later to be able to invoke the ideas through the name. We have observed a number of children between the ages of six and seven who have been able to take this step in their comput er programs. but their ability to look ahead. to visualize the consequences of actions they might take. is limited. Children aged eight to 10 have a grad-
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DISPLAY FONTS can be designed on per sonal computer by constructing them from a matrix of black-and-white squares. When the fonts are reduced, they approach the quality of those in printed material. The image of a pointing hand shown here is a symbol in SMALL TALK representing the concept of a literal word, such as the name associated with an activity.
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ually developing ability to visualize and plan and are able to use the concept of families and a subtler form of naming: the use of traits such as size. which can stand for different numerical values at different times. For most children. how ever. the real implications of further symbolic generality are not at all obvi ous. By age 11 or 12 we see a consider able improvement in a child's ability to plan general structures and to devise comprehensive computer tools. Adults advance through the stages more quick ly than children. and usually they create tools after a few we�ks of practice. It is not known whether the stages of intel lectual development observed in chil dren are absolutely- or only relatively correlated with age. but it is possible that exposure to a realm in which sym bolic creation is rewarded by wonderful effects could shorten the time required for children to mature from one stage to the next. The most important limitation on per sonal computing for nonexperts appears when they conceive of a project that. although it is easy to do in the language. calls for design concepts they have not yet absorbed. For example. it is easy to build a span with bricks if one knows the concept of the arch. but otherwise it is difficult or impossible. Clearly as com plexity increases "architecture" domi nates "material." The need for ways to characterize and communicate architec tural concepts in developing programs has been a long-standing problem in the design of computing systems. A pro gramming language provides a context for developing strategies. and it must supply both the ability to make tools and a style suggesting useful approaches that will bring concepts to life. We are sure from our experience that personal computers will become an inte gral part of peoples' lives in the 1980·s. The editing. saving and sifting of all manner of information will be of value to virtually everyone. More sophisticat ed forms of computing may be like mu sic in that most people will come to know of them and enjoy them but only a few will actually become directly in volved. ow will personal computers affect society? The interaction of society and a new medium of communication and self-expression can be disturbing even when most of the society's mem bers learn to use the medium routinely. The social and personal effects of the new medium are subtle and not easy for the society and the individual to per ceive. To use writing as a metaphor. there are three reactions to the introduc tion of a new medium: illiteracy. litera cy and artistic creation. After reading material became available the illiterate were those who were left behind by the
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SCIBNCB/SCOPB



A concerted effort toward "smaller and smaller. more and more on a chip" is ushering in Very Large Scale Integration (VLSI) as the dominant microelectronic technology of the next decade, surpassing old barriers of component density and circuit speed.



Since microelectronics is a batch process technology, putting



more functions on a chip results in more product per dollar.



Upshot:



an accel



erating entrance of the microelectronic phenomena into product fields formerly cost-prohibitive.



Hughes -- a pioneer in ion implantation, CMOS/SOS, radiation



hardening, advanced lithography and high density LSI interconnections -- has embarked on a broad development program involving new processes, materials and device structures that are setting the pace.



Already achieved:



30,000 CMOS/SOS transistors on a 0.15-inch chip.



Consider:



integration of



today's LSI chip



carrying 10,000 transistors matches the size of a single transistor 20 years ago.



The payoff: a 1000-times increase in circuit speed and a 100-times im



provement in power efficiency. The drive for greater component density is stimulating research into submicron techniques to avoid the optical diffraction limits imposed by today's contact photolithography method of circuit patterning.



One of these, divect writing



E-beam, uses a computer-controlled scanned electron beam "with a wavelength shorter than that of light.



Other areas of development include projection and



x-ray lithography, dry processing, automated wafer production and computer aided circuit modeling.



As an outgrowth, circuit densities of up to a ha1f



million transistors on a single chip are foreseen. detectors have been amassed on a single chip



Already, thousands of IR



the result of integrating CCD



signal processing with the detector elements in a Monolithic Focal Plane Array. The new super-speed circuitry: Hughes has tested new D-ECL circuits (Die1ectric Experiment ally-isolated Emitter Coupled Logic) with delays of 170 picoseconds. al short channel CMOS devices fabricated on SOS have also shown gate propagation delays of less than 200 picoseconds at extremely low power levels (picojoule). This technology is now being applied to very high speed and low power LSI for 2 Others in full development include CMOS/SOS and I L• spaceborne applications. 2 With I L, linear and digital functions can be married on the same chip, as can logic and memory functions.



On-going work in gallium arsenide will see future



devices with gigahertz switching speeds and reduced power factors. A monumental advance in non-volatile semiconductor memory capability -- allowing retention of stored data with power off -- is now market-ready.



Developed at



Hughes, NOVRAM (Non-Volatile Random Access Memory) offers the advantages of both read-only and random access memories. times,



tirely without loss of data. tems,



Data can be written and recalled countless



overwriting a previously stored latent image.



Power can be removed en



Applications are seen in microprocessor based sys



digital TV tuners, radar signal processors and missile guidance.



Engineers and Scientists:



If you have the advanced degrees and experience to con



tribute to this new wave of microelectronics, we invite you to call collect to Ray Wolfe at (714) 759-2411, Ext. 2550, who will put you in direct contact with a key line manager in your field of expertise.



Or write him at: Hughes Aircraft



Company. Microelectronic Products Division, Building 700, M/S A1229, 500 Superior Avenue, Newport Beach, CA 92663.



Opportunities exist in microelectronic circuit



design, processing, application engineering and key management positions, in cluding transition of advanced research concepts into new products.



Creating a new world with electronics r------------------, I I



iI HUGHES iI L � HUGHES AIRCRAFT COMPANY



__________________
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new medium. It was inevitable that a few creative individuals would use the written word to express inner thoughts and ideas. The most profound changes were brought about in the literate. They did not necessarily become better peo ple or better members of society. but they came to view the world in a way quite different from the way they had viewed it before. with consequences that were difficult to predict or control. We may expect that the changes re sulting from computer literacy will be as far-reaching as those that came from lit eracy in reading and writing. but for most people the changes will be subtle and not necessarily in the direction of their idealized expectations. For exam ple. we should not predict or expect that



the personal computer will foster a new revolution in education just because it could. Every new communication medi um of this century-the telephone. the motion picture. radio and television has elicited similar predictions that did not come to pass. Millions of uneducat ed people in the world have ready access to the accumulated culture of the centu ries in public libraries. but they do not avail themselves of it. Once an individu al or a society decides that education is essential. however. the book. and now the personal computer. can be among the society' s main vehicles for the trans mission of knowledge. The social impact of simulation-the central property of computing-must also be considered. First. as with lan-



guage. the computer user has a strong motivation to emphasize the similarity between simulation and experience and to ignore the great distances that sym bols interpose between models and the real world. Feelings of power and a nar cissistic fascination with the image of oneself reflected back from the machine are common. Additional tendencies are to employ the computer trivially (simu lating what paper. paints and file cabi nets can do). as a crutch (using the com puter to remember things that we can perfectly well remember ourselves) or as an excuse (blaming the computer for human failings). More serious is the hu man propensity to place faith in and as sign higher powers to an agency that is not completely understood. The fact that many organizations actually base their decisions on-worse. take their de cisions from-computer models is pro foundly disturbing given the current state of the computer art. Similar feel ings about the written word persist to this day: if something is "in black and white." it must somehow be true. hildren who have not yet lost much of their sense of wonder' and fun have helped us to find an ethic about computing: Do not automate the work you are engaged in. only the materials. If you like to draw. do not automate drawing; rather, program your personal computer to give you a new set of paints. If you like to play music. do not build a "player piano" ; instead program your self a new kind of instrument. A popular misconception about com puters is that they are logical. Forthright is a better term. Since computers can contain arbitrary descriptions. any con ceivable collection of rules. consistent or not. can be carried out. Moreover, computers' use of symbols. like the use of symbols in language and mathemat ics. is sufficiently disconnected from the real world to enable them to create splendid nonsense. Although the hard ware of the computer is subject to natu ral laws (electrons can move through the circuits only in certain physically de fined ways). the range of simulations the computer can perform is bounded only by the limits of human imagination. In a computer. spacecraft can be made to travel faster than the speed of light, time to travel in reverse. It may seem almost sinful to discuss the simulation of nonsense. but only if we want to believe that what we know is correct and complete. History has not been kind to those who subscribe to this view. It is just this realm of --apparent nonsense that must be kept open for the developing minds of the future. Al though the personal computer can be guided in any direction we choose. the real sin would be to make it act like a machine !
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INTRICATE PATTERNS can be generated on tbe personal computer witb very compact de scriptions in SMALLTALK. Tbey are made by repeating, rotating, scaling, superposing and combin ing drawings of simple geometric sbapes. Students wbo are learning to program first create in teresting free-form or literal images by drawing tbem directly in tbe dot matrix of tbe display screen. Eventually tbey learn to employ tbe symbolic images in tbe programming language to direct tbe computer to generate more complex imagery tban tbey could easily create by band.
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INCREDIBLE DESK-TOP 3-D ILLUSIONS 1995



A scientific phenomenon lets you create mirages -on your desk or right in your hands!



The photo captions are true. What you see i n the m irrored circle isn't really there at a l l . It's a So true t o l i f e , so alive with depth , most people refuse to be lieve when they can't touch what they see before the m ! Spring one o n curious, unsuspecti ng eyes. Even you r closest friends w i l l be un prepared for the e l u s i veness of these mysterious 3-D i l l u sions . . . peo p l e w i l l practical ly grab the device away from you for a closer loo k . Scientists cal l the m i rages "th ree d i  m e n s i o n a l r e a l i m ages." Literal ly con tradicti ng a l i feti me of experiences, they defy-and yet demand -expl anati o n . Never h as the line between sensory perception and reality been exposed with such startling clarity The effect is not holographic. I ndeed, each fun -to- make vision s u rpasses holography i n resol uti o n . Make one ap pear anywhere, i n any l i g ht . .. even can d i e light. There are no movi ng parts , no batte r i e s , cord s , d i a l s , k n o b s o r switc h e s . It's s i m p l e e n o u g h t o fool anyo n e .



MIRAGE.



it



Experiment! You ' l l find t h e amazed , amused reactions g rowing with each 3-D m i rage you devise. O r d e r w i t h o u t r i s k , of c o u r s e . If M I RAG E fail s to please you for any reaso n , return it withi n 1 4 days for a ful l , prompt refun d . Not sold i n stores, it's available only from our labs, at an at tractive d i rect-to-you price. For yourself-for you r gift l ist-look i nto M I RAG E . Desig n ed to enhance any decor, it should become one of the most intriguing, attention-getting con versation pieces you'll e ver o wn. Use you r credit card to order tol l -free right now. Or mail the handy coupon.



A patented, precision Instrument NATIONAL tNTRODUCTORY PRICE



OOI



$



�



MIRAGE IS A TRADEMARK OF OPT1-GONE ASSOCIATES tNC.,



22102 CLARENDON ST., WOODLAND HILLS, CA. 91364@ 1977



TOLL·FREE HOTLINE



Call anytime-24 hours a day and charge to your credit card



DIAL 800·648·531 1



( I n N evada d i al 1 -800-992-571 0)



---------------------------------� 2 BO N U SE S FOR YOU !



INCLUDED WITH EACH ORDER 24 PAGE MIRAGE GUIDE Entertaining book contains full



i n structions,



OPTI-GONE ASSOCIATES INC. 22102 CLARENDON STREET WOODLAND HILLS, CALIF. 91364



YES! $1 .40



Send me



plus



__



tips, photos, u n u sual uses and suggestions, plus backgrou nd information explai n i n g this re



M I RAGE(S) at



$1 9.95



each for postage, handling and insurance.



(California residents add



6% sales tax.)



NAME



cently d iscovered phenomenon of science.



LINT-FREE POLISHING CLOTHS



ADDRESS



For peak optical resolution, the 9-i nch i n n e r surfaces are mi rror coated the same way en gineers coated the country's largest reflecting telescope: at California's Mt. Palomar, the m i rrored finish is 200 i nches i n di ameter, but just



5/1 ,OOO,OOOth of an inch thick! This critical tolerance is followed i n the making of each M I RAG E , to faithfu lly reconstruct every



molecule of the objects you display. To



maintain the s u rfaces, you ' l I receive a generous supply of d isposable po l i s h i n g cloths.



STATE



CITY



Charge to my



0 0



Master Charge



0 0



ZOP



Visa/ BankAmericard American Express



My check is enclosed.



CARO NUMBER



EXPIRATIONOATE



SIGNATURE
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