The X Window System

Version 11�

James Gettys^†, Philip L. Karlton^‡, and Scott McGregor^§

Digital Equipment Corporation Silicon Graphics Computer Systems

CRL 90/08 10 December 1990

Abstract

The X Window System^¶ has become widely accepted by many manufacturers. X provides network transparent access to display servers, allowing local and remote client programs to access a user’s display. X is used on high performance workstation displays as well as terminals, and client programs run on everything from micro to super computers.

This paper describes the tradeoffs and basic design decisions made during the design of X Version 11. We presume familiarity with the paper describing X Version 10.

Keywords: X Window System, interactive human-computer interface system, distributed systems.

cflDigital Equipment Corporation and Silicon Graphics Computer Systems

1990. All rights reserved.

¶The X Window System is a Massachusetts Institute of Technology trademark. ∗This paper will appear in a special issue of Software Practice and Experience. †Digital Equipment Corporation, Cambridge Research Lab, One Kendall Square, Bldg. 700, Cambridge, MA 02139, U.S.A. jg@crl.dec.com

‡Silicon Graphics Computer Systems, Systems Software Division, 2011 N. Shoreline Boulevard, Mountain View, CA 94039-7311, U.S.A. karlton@sgi.com §Formerly at Digital Equipment Corporation; now at The Santa Cruz Operation, 400 Encinal Street, P.O. Box 1900, Santa Cruz, CA 95061, U.S.A. mcgregor@sco.com

The X Window SystemVersion 11JAMES GETTYSDigital Equipment Corporation, Cambridge Research LaboratoryOne Kendall Square, Bld 700 Cambridge, MA 02139, U.S.A. jg@crl.dec.com PHILIP L. KARLTON Silicon Graphics Computer Systems, Systems Software Division, 2011 N. Shoreline Boulevard Mountain View, CA 94039ŋ7311, U.S.A. karlton@sgi.com SCOTT MCGREGOR 1 Digital Equipment Corporation mcgregor@sco.com SUMMARY The X Window System2well as terminals, and client programs run on everything from micro to super computers. X Version 11. We presume familiarity with the paper describing X Version 10 This paper describes the tradeoffs and basic design decisions made during the design of1 . KEY WORDS X Window System Interactive Humanŋcomputer interface system Distributed Systems 1 Now at The Santa Cruz Operation, 400 Encinal Street, P.O. Box 1900, Santa Cruz, California 95061 2 The X Window System is a trademark of the Massachusetts Institute of Technology. appear in a special issue of Software Practice and Experience.

November 21, 1990 2 J. GETTYS, P. L. KARLTON, S. MCGREGOR Contents Introduction ............................................................................................................ 3 Goals of Version 11 Design .................................................................................... 4 Lessons Learned from Previous X Versions .......................................................... 5 Display Support ...................................................................................................... 7 Windows .................................................................................................................. 9 Atoms, Property Lists and Selections ................................................................. 12 Atoms ........................................................................................................... 13 Properties ..................................................................................................... 13 Selections ..................................................................................................... 14 Primary ........................................................................................................ 15 Secondary ..................................................................................................... 16 Events ................................................................................................................... 17 Window Management Functions ......................................................................... 19 Graphics ................................................................................................................ 23 Graphics Operations ................................................................................... 25 Graphics Contexts ....................................................................................... 26 Text Painting and Font Support .......................................................................... 29 Extensions ............................................................................................................. 31 Keyboards ............................................................................................................. 31 Distributed Systems Architecture ....................................................................... 33 Lessons Learned and Results ............................................................................. 33 Future Topics ........................................................................................................ 37 Acknowledgments ................................................................................................. 38 References ............................................................................................................. 39

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 3 Introduction The X Window System has become widely used over the last several years. its release as a product under Ultrix1no more than 16 bits/pixel, and this limitation was inherent in many areas of the wire protocol. extensions to X11). A brief history of events is available in The X Window System some functions which were found to be poorly designed. (These functions were left to future2 . mentation begins are also suspect. toolkits and window managers for X.4,30tant to the base window system design. between them. 1 Ultrix is a trademark of Digital Equipment Corporation.

November 21, 1990 4 J. GETTYS, P. L. KARLTON, S. MCGREGOR Goals of Version 11 Design ples at all. ŋ Phil Karlton list required a complete redesign of X. The major goals for X11 included: ů Redesign of the basic protocol encoding to increase efficiency and reduce server round trips ů Support for deep frame buffers (more than 16 bits per pixel) ů Support for a wider variety of color maps ů Clean basic pixelŋoriented graphics ů Text capabilities for WYSIWYG editors ů Clean up and generalization of facilities (a laundry list from X10) ů Extensible protocol ů Facilities for clients to exchange information (cut and paste of arbitrary information) NOT support: ů Three dimensional graphics ů Subŋpixel graphics and antiŋaliasing ů World coordinate systems ů Video, speech, highŋfidelity audio and related topics implementation were put off for future work. These were: ů Alternate input devices, now a proposed extension ů Rotated text and graphics, now left to either a PostScript*plementations, or to a possible future extension to graphics contexts other facilities at a later date. History (seen from four years later, with the 3D23to be standardized) shows that it was a correct decision. * PostScript ő is a trademark of Adobe Systems, Incorporated

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 5 fore deliberately rejected graphics that are independent of screen resolution. PostScript meant that the system must be easily extended to support other imaging models (3D,1 ), and other basic facilities (video, input devices). Lessons Learned from Previous X Versions ents and the X server. With X11, steps were taken to avoid such interactions. These were: ů and screens. ů Resource ID’s (for example, windows and pixmap ID’s) are allocated by the client. ů pixmaps. maintained by the X11 library, and is thereafter available locally to applications. to the client as part of a synchronous request. The first toolkits built for X102,3source creation requests nonŋblocking calls. sumption of server resources. 1 PostScript is a trademark of Adobe Systems Incorporated

November 21, 1990 6 J. GETTYS, P. L. KARLTON, S. MCGREGOR these styles of window management. graphics derived from the Digital VAXstation 100*graphics requests, incurring transport overhead and interface complexity. use of a single connection to the server. architectures which allow access to unaligned data (like the VAX*become more significant. * VAX and VAXstation are trademarks of Digital Equipment Corporation.

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 7 request formats. Display Support single server, and different screens may have quite different capabilities. information, using the additional bits for double buffering, Z and/or alpha channel information). visual types. StaticGray, GrayScale, StaticColor, TrueColor, PseudoColorDirectColor

The screen can be color or gray scale and can have a colormap that is writable or readŋonly, and

November 21, 1990 8 J. GETTYS, P. L. KARLTON, S. MCGREGOR following diagram: ware). The visual types affect the colormap and the RGB values in the following ways: ů PseudoColorand the red, green and blue values can be individually changed. ů GrayScale and blue in the colormaps. ů For DirectColorchanged dynamically. ů TrueColor linear ramps in each primary. ů StaticColor fined, readŋonly, serverŋdependent RGB values. ů StaticGray thought of as a StaticGray visual with a twoŋentry colormap. Undecomposed Colormap Decomposed Colormap Static Color True Color Pseudo Color Direct Color Static Gray Gray Scale R/O R/W R/O R/W Color Gray Scale

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 9 allow this operation between similar enough screens. allocation primitive was added for allocation in a segmented color map. Windows inputŋoutput and inputŋonly of window enter/exit events; this approach worked very well in X10. painted with the same tile origin.

and what to do with any subwindows of the window. X10 always threw away the contents of

November 21, 1990 10 J. GETTYS, P. L. KARLTON, S. MCGREGOR tivity, which exacerbated performance problems. bit gravity and window gravityand Phil Karlton as part of the Xerox Development Environment10ent is resized. Gravities can be any of southeast, and southwestaway and the background repainted (ForgetGravitythe root window (StaticGravityging a window border. An application can ask for subwindows to be unmapped (ity ) when their parent is resized. ments backing store and saveŋunders impose. X11 applications can now provide backing store or saveŋunderthe pixels under the window may be beneficial (for example, for popŋup menus). windows are moved, but comes at a cost in memory itself.

deep display, there are also window attributes that inform the server which planes of the screen

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 11 dow actually in use by the application need be saved. property listdow, discussed in a later section. dow as long as the visual type allows it. gions. As a result, the core X11 protocol supports clip regions in GC’s. implement rounded buttons. relative stacking order of windows. by comparison with windows in many other systems.

observation that borders increase window size, increase server complexity, and complicate coŋ

November 21, 1990 12 J. GETTYS, P. L. KARLTON, S. MCGREGOR edly). Atoms, Property Lists and Selections that there was insufficient information to support all possible window managers. information channels between one another. erful general communication can take place. general facilities such as NCS4large data transport. It is a failing of the ICCCM that this point of view is not encouraged more.

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 13 Atoms Atomsquest InternAtom registers a byte sequence with the server, which returns a unique 29ŋbit value1available (GetAtomName). all applications. (CLX5keeps a symbol/atom cache, which it initializes with the predefined atoms. Properties when the window is destroyed, not when the creator/editor of the property goes away. name of windows, or other window manager hints). 1 ronments such as lisp and CLU, where a few bits may be used for basic type information.

November 21, 1990 14 J. GETTYS, P. L. KARLTON, S. MCGREGOR Xlib does the packing and unpacking). (ICCCM2, 36experience, we expect that additional — standard property types will be defined. Selections selectionis not stored in the server, but is maintained by some client (the ownerselections, each named by an atom. When a client asks for the value of a selection, it specifies a selection target typerather than the text of the paragraph. The discussion below is only an outline; for full details, see the ICCCM. be converted to some targetuser copies the selection into the application.

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 15 sends a SelectionNotify event to the requester letting it know that the conversion is completed. stored in the server, handshaking is used to copy smaller fragments. action. dary and Clipboard.Secondary selections only; see the ICCCM for details of Clipboard. The selection named by the atom Primarymechanism. The selection named by the atom Secondary is used: ů mary and secondary selections . ů to disturb it. The selection named by the atom Clipboardclients, normally being — cut or — copied and then — pasted. Primary to clients to inform them when they lose a selection.

November 21, 1990 16 J. GETTYS, P. L. KARLTON, S. MCGREGOR minimum, most owners can deliver the selection as text. then a file selection dialog box would be opened. back 93. The debugger can then set the break point at the correct point. mation of the message itself, in whatever mutually agreeable form is convenient, and so on. Secondary tween applications, using the same requestŋreply model of the primary selection. primary and secondary selections and then press a swap button.

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 17 lection is unaffected by the manipulation. ronment such as MSŋDOS*pediency caused by the limited execution environment. most applications. Events and window managers, and typical programmers do not have to deal with them directly. be informed of that event type. * MSŋDOS ő is a registered trademark of Microsoft Corporation

November 21, 1990 18 J. GETTYS, P. L. KARLTON, S. MCGREGOR Do Not Propagate child windows. however. The table below summarizes X11’s event types: Event type: Cause MotionNotify Pointer moved EnterNotify, LeaveNotify Pointer entered or left a window KeyPress, KeyRelease ButtonPress, ButtonRelease Keyboard key or pointer button state changed FocusIn, FocusOut Keyboard input focus state changed KeymapNotify Keyboard state at EnterNotify, FocusIn events ColormapNotify Colormap changed or (un)installed Expose Window exposed GraphicsExpose, NoExpose Exposure due to CopyArea CirculateNotify Window circulated ConfigureNotify Window reconfigured GravityNotify Change due to window gravity MapNotify, UnmapNotify Window (un)mapped ReparentNotify Window reparented VisibilityNotify Window visibility changed CreateNotify, DestroyNotify Window created or destroyed ResizeRequest, CirculateRequest, ConfigureRequest MapRequest Window state change requested ClientMessage Message sent from a (possibly different) client PropertyNotify, SelectionClear SelectionRequest, SelectionNotify Selection related events MappingNotify Keyboard keysym mapping changed quests unless the client suppresses them by setting the graphics exposures in the GC to False.

last request executed for this client, a bit which indicates whether the event is synthetic (i.e. was

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 19 sent in each event. tions that occur when multiple clients interact with a single server. changes, window crossing, and other such events. Window Management Functions ers. not only feasible, but highly desirable. The X10 protocol precluded several important styles of user interface. On the Xerox Star14the Apple Macintosh** Macintosh is a trademark licensed to Apple Computer, Inc. Appleőof Apple Computer, Inc.

November 21, 1990 20 J. GETTYS, P. L. KARLTON, S. MCGREGOR like, the Andrew7ers. redirectedtherefore has an additional attribute called overrideŋredirectdows. The redirect facilities in concert with the reparentapplication’s window will be dispatched to the window manager. screen realŋestate the window manager has provided, rather than fight the window manager. remapped, using the saveŋsetclients if the window manager dies.

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 21 which would normally have been destroyed before the user could diagnose the problem. user, through his choice of window manager) to control input focus. mapped yet). Many of these user interfaces depend upon synchronous delivery of events. them. An active grab occurs when a single client grabs the keyboard and/or pointer explicitly. frozenwindow). cursor will not leave the scroll area until the pointer button is released.

November 21, 1990 22 J. GETTYS, P. L. KARLTON, S. MCGREGOR the companion paper by Gajewska et al. example the up event would then be correctly processed relative to the popŋup window. See 22 for more detail and mistakes in the design of grabs. user events to let the server know the timeŋordering the requests are logically in. portant facilities discussed below. tation of various sorts of help facilities which may want to bind such help to a keyboard key. that it should exit. changed, or when color maps are installed or uninstalled.

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 23 security reasons); the event is otherwise untouched. Graphics ler Lampson’s sage advice8get it right, don’t hide power, and leave it to the client. color or grayŋscale displays. We capitalized on experience from several rendering models in X11 including X101PostScript11, MSŋWindows12, the MacIntosh13, Xerox workstations8,9,10,14tences we combined everything, we carefully left out the PHIGS15/GKS16date.

text and graphics are feasible. One performance technique that works quite well is to observe

November 21, 1990 24 J. GETTYS, P. L. KARLTON, S. MCGREGOR gon, which is fertile ground for an X extension. batching interfaces. had to recode the user interface to restore the proper screen appearance. MSŋWindows1PostScript111 MSŋWindows 12 is a Trademark of Microsoft Incorporated

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 25 mance with the specification. Graphics Operations programs as well. ent side into connected line segments, or to lobby for a future spline extension. model that would support compositing functions and extend gracefully to 3D. questions: ů Are there any gaps? ů Are there any overlaps? In X11, the answers are no and no. below of the edge.

model for polygons. The line is defined by a path with a center on the line segment between the

November 21, 1990 26 J. GETTYS, P. L. KARLTON, S. MCGREGOR izes to arcs, where the brush is perpendicular to the slope of the arc. lacks elegance, it seems to be effective. Hobby17resentations. some applications. Graphics Contexts introduced the notion of "state" or "context" by which graphics routines take some of their paŋ

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 27 request. display the graphics primitive. should be parameters, but we settled on twentyŋthree GC attributes described below: function Also known as rasterop, function determines how bits from a source are logically combined with the destination. plane_mask Allows graphics operations to be restricted so that they affect a subset of the display planes on a color or multiŋbitŋperŋpixel display. foreground The color values used to draw the foreground and background background components of graphic objects. For example, a doubleŋdashed line alternates between the GC foreground and background colors. line_width These attributes determine how lines are drawn, line_style describing the width (in pixels), the style (e.g. cap_style solid or dashed), and how the lines are terminated join_style or joined. The cap and join styles are very similar to PostScript. fill_style The first attribute affects all line, and text requests, fill_rule determining whether the object is drawn with the solid colors or with patterns selected from the stipple or tile attributes (see below). The fill rule affects selfŋintersecting polygons, choosing winding rule or evenŋodd computation of the polygon’s interior. arc_mode Arcs can be filled as chords or pieŋslices.

November 21, 1990 28 J. GETTYS, P. L. KARLTON, S. MCGREGOR tile A tile is a pixmap that is replicated across stipple any object drawn, whereas a stipple is used as a mask for the foreground and background colors. For example, text could be output normally with a solid color, tiled for a pattern of arbitrary colors, or stippled to get a partial coloring (e.g. 50% gray). ts_x_origin An origin can be set within a tile or stipple so that an application can ts_y_origin control the alignment with other objects. For example, the origin might be set so that the fill will align with a back ground pattern. font The font used by text operations. subwindow_mode Determines whether child windows are excluded from the region a GC can draw into. graphics_exposures Requests GraphicsExpose and NoExpose events when performing a CopyPlane or CopyArea request clip_mask Each GC may be further restricted by the client to draw in a subset reŋ clip_x_origin gion of a window, defined by a list of rectangles or a pixmap. The clip clip_y_origin origin may be set to align the clip mask relative to the destination drawable. dashes The dash list and offset are much like PostScript in allowing the client dash_offset to define arbitrary line dash patterns and control the initial alignment. duced GC’s: XFillRectangle (display, drawable, x, y, width, height, function, planemask, foreground, background, tile_or_stipple, ts_x_origin, ts_y_origin, clip_x_origin, clip_y_origin, clipmask) and then with the addition of GCs: XFillRectangle (display, drawable, gc, x, y, width, height);

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 29 applications are both upward and downward compatible). tion and synchronization. In practice, it seems very rare that applications want to share GC’s. use. The R4 release reduced the GC size to 116 bytes. Text Painting and Font Support legislated by the X server.

November 21, 1990 30 J. GETTYS, P. L. KARLTON, S. MCGREGOR cluded 90 degree rotation as it is very much easier than general rotation. property list is extensible to define arbitrary other properties about a font that may be needed. text"), which is useful for terminal emulators to avoid flicker. fined in an auxiliary document, in the X Logical Font Description Conventions2 standard. X11 server, which is arguably wrong; it should probably have been specific to each client.

can be named independently of their size, so that different cursor hardware can be supported

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 31 hardware than a 16x16 cursor hardware. Extensions tional requests for operating on windows defined in terms of regions, and another event type. unlimited number of requests, as the contents of a request are not interpreted by the server. dors have implemented Display PostScript1image processing and other extensions. Keyboards — Any problem in computer science can be solved by an extra level of indirection." ŋ Roger Needham 1 Display PostScript 34 is a trademark of Adobe Systems Incorporated.

November 21, 1990 32 J. GETTYS, P. L. KARLTON, S. MCGREGOR manufacturers of X workstations and terminals build correct keyboard hardware. keycode problem of keycodes, which would have been an administrative nightmare. X11 introduces the notion of keysymsand the server notifies all clients when keyboard mappings are changed.

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 33 Distributed Systems Architecture graceful environment, when authentication systems like Kerberos18a client can perform arbitrary operations on its own or other client’s resources. in long term chaos. plexity isolated and particularly because of the real time requirements of audio. vided by a separate audio server, along the lines proposed by the VOX effort, both to keep comŋ19 Lessons Learned and Results (see acknowledgments below).

November 21, 1990 34 J. GETTYS, P. L. KARLTON, S. MCGREGOR combinations of applications, transport, and display hardware; these include: ů mizing transport costs for all requests ů The length field at the beginning of the request permits a simpler, faster protocol dispatcher ů frame buffer implementations as well. ů cations into a single poly graphics request. ů be copied extra times on its way to a frame buffer. graphics operations. of the GC, to reduce the overhead of state changes. to this: the complexity of the programming model and the size of the server implementation

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 35 the past because many people had trouble figuring out which X11 facilities were useful to them. the graphics operations that are actually used need be in memory on most implementations. Window’s data are also much more likely to be in one data structure, improving locality. and in some cases redesign.

with errors, making it somewhat possible for a programmer to backtrack from the point at

November 21, 1990 36 J. GETTYS, P. L. KARLTON, S. MCGREGOR (though at large performance loss). clients, given their (sometimes severe) resource limitations. use of all extensions, even though they may ease certain applications greatly. complaints about this have been loud.

events lack time stamps, which makes it impossible to avoid certain race conditions. One can

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 37 to add extensions as well. this area might have paid dividends. pensate for border width.. straints made a stub generator impossible. Future Topics port for devices except the mouse, pending support to an eventual protocol extension35tension.

moved it. The best solution would be an extension to the GC allowing a client to rotate the coŋ

November 21, 1990 38 J. GETTYS, P. L. KARLTON, S. MCGREGOR tions. need to be made than can be done with the fully predefined X protocol. NeWS20We believe Scheme21due to its much better semantics and generality. Further work should be done in this area. implementation work, and wide arcs are still very slow. protocol (very desirable for cooperative work applications) much easier. Acknowledgments which there would be no X Version 11.

November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 39 (Digital UEG). VMS) and Jackie Greenfield (Digital VMS). lar). who also provided good input into the protocol design. Joel McCormack, Keith Packard, and Bob Scheifler finally proved that X11 really is efficient than X10. tronic mail. Thanks to Ken Lee (Digital WSL) for his X bibliography. who helped make X what it is. References 1. Graphics , vol. 5, no. 2, pp. 79ŋ109, April, 1986. 2. Scheifler, Robert W., and James Gettys, Xlib, X Protocol, ICCCM and XLFD, 0ŋ13ŋ972050ŋ2.

November 21, 1990 40 J. GETTYS, P. L. KARLTON, S. MCGREGOR 3. Conference, pp. 117ŋ130, USENIX Association, Berkeley CA. 4. InterViews,’ IEEE Computerimplementations ran on X10. 5. ing Distributed Applications,’ in Proceedings of the Summer 1987 USENIX Conference117ŋ130, USENIX Association, Berkeley CA. 6. Cessna, Keith et al. CLX Common Lisp X Interface1989. 7. Morris, James H. et al., ‘Andrew: A Distributed Personal Computing Environment’, munications of the ACM , vol. 29, no. 3, March 1986, pp. 185ŋ201. 8. Lampson, Butler, Personal Distributed Computing, ‘The Alto and Ethernet Software’, in History of Personal Workstations , Ed. A. Goldberg, ACM Press 1988, pp. 293ŋ335. 9. Thacker, Charles, Personal Distributed Computing, The Alto and Ethernet Hardware, in History of Personal Workstations , Ed. A. Goldberg, ACM Press 1988, pp. 265ŋ289. 10. Xerox Corporation, The ViewPointÔ Programmers Manualpredecessor to ViewPoint, by approximately five years. 11. PostScriptő Language Reference ManualPublishing Company, ISBN 0ŋ201ŋ10174ŋ2, 1985. 12. Petzold, Charles, Programming Windows264ŋ7. 13. Chernicoff, Stephen, MacIntosh Revealed: Vol. 1 ŋ Unlocking the Toolbox, 2nd Ed.Books, Indianapolis IN. 1988, Chapt. 4ŋ6 and 8. 14. Smith, D.C. et al., ‘The Star User Interface, An Overview,’ in Proc. AFIPS Conf.528, 1982. 15. Programmer’s Hierarchical Interactive Graphics System (PHIGS)1987. 16. Graphical Kernel System for Three Dimensions (GKSŋ3D)Standards Organization, Geneva, Apr. 1987. 17. Hobby, John D., ‘Rasterizing Curves of Constant Width,’ Journal of the ACM2, April 1989, pp. 209ŋ229. 18. Service for Open Network Systems,’ Proceedings of the Winter, 1988 USENIX Conference

, November 21, 1990 THE X WINDOW SYSTEM ŋ VERSION 11 41 setts Institute of Technology. 19. IEEE Computer Society International Multimedia Communications Workshopmunications Society, April 1989. 20. Gosling, James, David S.H. Rosenthal, and Michelle Arden, The NeWS Book,tion to the Network/extensible Window System , SpringerŋVerlag, ISBN 0ŋ387ŋ96915ŋ2. 21. Rees, Johnathan and William Clinger et. al., ‘Revised3Scheme’, ACM SIGPLAN Notices , vol. 21, no. 12, pp. 37ŋ79, December 1986. 22. tem,’ Software ŋ Practice and Experience , this volume. 23. 3D Graphics System,’ IEEE Computer Graphics and applications , vol. 9, no. 4, pp. 14ŋ25. 24. Young, Douglas A. X Window System: Programming and Applications with XtEdition, Prenticeŋhall, 1990. ISBN 0ŋ13ŋ497074ŋ8. 25. Hopgood, F. R. A., Methodology of Window Management1986. 26. Jones, Oliver, Introduction to the X Window SystemJersey, 07632, 1989, ISBN 0ŋ13ŋ499997ŋ5. 27. McCormack, Joel and Paul Asente, ‘An Overview of the X Toolkit," ACM SIGGRAPH Symposium on User Interface Software , pp. 46ŋ55, October, 1988. 28. Write ‘Hello, World’?,’ Proceedings of the Winter, 1988 USENIX ConferenceUSENIX Association, Berkeley, CA. 29. Johnson, Eric and Kevin Reichard, X Window Applications ProgrammingISBN 1ŋ55828ŋ016ŋ2. 30. Asente, Paul and Ralph Swick, Guide and Specification , Digital Press, Bedford MA, 1990, ISBN 0ŋ13ŋ972191ŋ6. 31. Open Software Foundation, OSF/Motif Series13ŋ640491ŋX, 13ŋ640525ŋ8, 13ŋ640517ŋ7, 13ŋ640509ŋ6, 13ŋ640483ŋ9. 32. Rosenthal, David S. H., ‘Window Exchange,’ UNIX Review , vol. 7 no 12, pp. 58ŋ64. 33. Sun Microsystems, OPEN LOOK Graphical User Interface SeriesISBN 0ŋ201ŋ52365ŋ5, ISBN 0ŋ201ŋ42364ŋ7. 34. Holzgang, D.A., Display PostScriptőISBN 0ŋ201ŋ51814ŋ7.

November 21, 1990 42 J. GETTYS, P. L. KARLTON, S. MCGREGOR 35. X11 Input Extension Library Specificationsortium, December 1989. 36. Widner, Glenn, The X11 InterŋClient Communications Conventions Manual , this volume.