Solaris VISUAL

A White Paper

Please Recycle

© 1993 Sun Micr osystems, Inc.—Printed in USA. 2550 Garcia Avenue, Mountain V iew, California 94043-1 100

All rights r eserved. No part of this work cover ed by copyright may be r eproduced in any form by any means-graphic, electr onic or mechanical, including photocopying, recording, taping, or storage in any information r etrieval system-without prior written permission of the copyright owner .

The OPEN LOOK and Sun Graphical User Interfaces wer e developed by Sun Microsystems, Inc. for its users and licensees. Sun acknowledges the pioneering efforts of Xer ox in resear ching and developing the concept of visual or graphical user interfaces for the computer industry . Sun holds a non-exclusive license fr om Xerox to the Xerox Graphical User Interface, which license also covers Sun’s licensees.

RESTRICTED RIGHTS LEGEND: Use, duplication, or disclosur e by the government is subject to r estrictions as set forth in subparagraph (c)(1)(ii) of the Rights in Technical Data and Computer Softwar e Clause at DF ARS 252.227-7013 (October 1988) and FAR 52.227-19 (June 1987).

The pr oduct described in this manual may be pr otected by one or mor e U.S. patents, foreign patents, or pending applications.

TRADEMARKS Sun Micr osystems, the Sun logo, NFS and Solaris ar e register ed trademarks, and SunSoft, the SunSoft Logo, DeskSet, T oolTalk, OpenW indows, SunOS, SunPC, SunCD, CDmanager , ONC, ONC+, XV iew, VP/ix, INTERACTIVE and Catalyst ar e trademarks of Sun Micr osystems, Inc., licensed to SunSoft, Inc. SP ARC is a r egister ed trademark of SP ARC International, Inc. Pr oducts bearing the SP ARC trademark ar e based upon an ar chitectur e developed by Sun Micr osystems, Inc. OPEN LOOK, System V, SVR4, and UNIX ar e register ed trademarks of UNIX Systems Laboratories, Inc. Pentium, i386 and i486 ar e trademarks of Intel Corporation. GL, Iris GL, and OpenGL ar e trademarks of Silicon Graphics. PostScript, Display PostScript, DPS, and PostScript Level 2 ar e trademarks of Adobe Systems. HOOPS is a trademark of Ithaca Softwar e. X Window System, X1 1, and PEX ar e products or technologies of the Massachusetts Institute of T echnology .

All other pr oducts r eferred to in this document ar e identified by the trademarks of the companies who market these pr oducts.

i

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 The Demands of Graphics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 Users and Graphics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 Application Softwar e Developers . . . . . . . . . . . . . . . . . . . . . . . . . . 3 Solaris VISUAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 Solaris VISUAL Components . . . . . . . . . . . . . . . . . . . . . . . . . . 5 Benefits of the Solaris VISUAL Graphics Envir onment . . . . . 7 The Graphics Har dwar e Developer (OEM, IHV) . . . . . . . . . . 7 The Graphics Library Developer . . . . . . . . . . . . . . . . . . . . . . . 8 The Application Developer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 The Enduser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 2. Solaris VISUAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 The Solaris Computing Envir onment . . . . . . . . . . . . . . . . . . . . . . . 11 The Solaris VISUAL Envir onment . . . . . . . . . . . . . . . . . . . . . . . . . . 13 Solaris VISUAL Components . . . . . . . . . . . . . . . . . . . . . . . . . . 14 Solaris VISUAL Device Independence . . . . . . . . . . . . . . . . . . . 15 The XGL Foundation Library . . . . . . . . . . . . . . . . . . . . . . . . . . 16 The XIL Foundation Library . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 The PostScript Foundation Library . . . . . . . . . . . . . . . . . . . . . 19

ii Solaris VISUAL — March 1993

The X Foundation Library . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 Developing and Running Applications under Solaris VISUAL . 21 Solaris VISUAL Runtime Support . . . . . . . . . . . . . . . . . . . . . . 22 OpenW indows Server Capabilities . . . . . . . . . . . . . . . . . . . . . . 22 Running Applications Acr oss the Network . . . . . . . . . . . . . . 22 Direct Graphics Access . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 3. Solaris VISUAL Geometry Interfaces . . . . . . . . . . . . . . . . . . . . . . 25 Geometry Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 Geometry Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 The XGL Foundation Library . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 XGL Core Library and Rendering . . . . . . . . . . . . . . . . . . . . . . . 28 XGL Objects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 XGL Primitives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 The PEX Extension to the X Pr otocol . . . . . . . . . . . . . . . . . . . . . . . . 35 PEXlib . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 Remote Rendering using PEX . . . . . . . . . . . . . . . . . . . . . . . . . . 36 Third-Party Geometry Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 4. Solaris VISUAL Imaging Interfaces . . . . . . . . . . . . . . . . . . . . . . . 39 Imaging Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 Imaging Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 The XIL Foundation Library . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 XIL Objects. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 XIL Functionality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 The XIE Extension to the X Pr otocol . . . . . . . . . . . . . . . . . . . . . . . . 48 XIElib . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 Remote Rendering using XIE . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 Third-Party Imaging Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 The Pr ogrammer ’s Imaging Kernel System (PIKS) . . . . . . . . 50

Contents iii

5. Solaris VISUAL Stencil/Paint Interfaces . . . . . . . . . . . . . . . . . . . 53 Stencil/Paint Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 Stencil/Paint Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 The PostScript Interpr eter and Foundation Library . . . . . . . . . . . 54 PostScript Language Ar chitectur e . . . . . . . . . . . . . . . . . . . . . . 56 Fonts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 The DPS Extension to the X Pr otocol . . . . . . . . . . . . . . . . . . . . . . . . 59 Third-Party Stencil/Paint Interfaces . . . . . . . . . . . . . . . . . . . . . . . . 59 6. Solaris VISUAL Pixel Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . 61 Pixel-based Rendering Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 Pixel-based Rendering Applications . . . . . . . . . . . . . . . . . . . . . . . . 61 The X Window System Foundation . . . . . . . . . . . . . . . . . . . . . . . . . 62 The X Window System Pr otocol (X11) . . . . . . . . . . . . . . . . . . . 63 Xlib . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 Direct Xlib . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 Remote Rendering using X1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 66 Third-Party Pixel Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 7. Integration with Other Solaris Components . . . . . . . . . . . . . . . . 69 Integration with Solaris OpenW indows . . . . . . . . . . . . . . . . . . . . . 69 Graphics Interface Inter operability and Independence . . . . . . . . 70 Solaris LIVE! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

iv Solaris VISUAL — March 1993 1

Introduction 1

The graphics industry has historically driven computing innovation because of the demands it places on computing har dwar e and softwar e. Simultaneously , graphics standar ds have emer ged which simplify the development ef fort requir ed to build volume applications. The Common Open Softwar e Envir onment is an example of the computer industry focusing on standar ds— with the goal of inter operability of open systems. Among other things, this envir onment defines as set of important standar d interfaces for graphics r endering.

Despite the emer gence of industry and de facto standar ds for graphics application pr ogram interface (API) libraries, new technology and new markets will likely continue to spawn new interfaces. In ef fect, ther e will always be innovation. And with advances in multimedia, object-oriented programming, integrated graphics and emer ging applications such as virtual reality, it is clear that this innovation will continue to r emain important.

Together with standar ds and innovation, users have come to expect performance and functionality in graphics, which addr ess their widely varied requir ements. SunSoft has developed Solaris © VISUAL™ with these considerations in mind: standar ds, innovation, performance and functionality .

SunSoft sees the evolving graphics marketplace as one becoming incr easingly meshed with general purpose computing, wher e user ’s requir ements for graphics will become br oader and mor e widespr ead. As higher -end applications such as document imaging, collaborative multimedia and 3-D graphics become mainstr eam, they will move to the volume desktop and enjoy much wider use.

2 Solaris VISUAL—Mar ch 1993

1 To addr ess the tr end in desktop graphics, SunSoft has developed a strategy which capitalizes on industry tr ends in standar ds and users’ r equir ements for choice. Whether the user is selecting a graphics library for application development or just an application, Solaris VISUAL enables and encourages a wide selection of graphics solutions. Solaris VISUAL pr ovides a flexible graphics envir onment upon which standar ds can inter operate and innovation can pr osper .

The Demands of Graphics

As har dwar e platforms become faster , applications also become mor e demanding. New featur es, broader functionality , increased quality and distributed computing facilities all contribute to the pr ocessing demands of graphics applications.

Increased r endering quality is a major tr end in graphics. New applications which pr ovide imaging, 3-D geometry , animation and mor e realistic display are becoming common.

Another significant development in computing is the move towar d distributed client-server computing. The flexibility of client-server computing in providing users with r esour ces on demand, adjusting to or ganizational restructuring and of fering lower cost has made it the pr eferred appr oach for the majority of businesses today .

SunSoft’s vision of distributed computing with graphics includes inter connected networks of many computing technologies. The spectr um of compute r esour ces ranging fr om mainframes and minicomputers to servers, workstations and PCs will enjoy gr eater connectivity and integration. Fr om a graphics application perspective, this means that users may manipulate data from virtually any sour ce, and be able to display and interact with it fr om any desktop platform.

SunSoft’s foundation appr oach to graphics lends itself well to the enterprise computing model, wher e X terminals, PCs and workstations will work in concert with mainframes and super computers. X W indows-based applications running on mainframes will display on desktop systems, r egardless of their location on the network. Data servers can pr ovide data to super computers for internal r endering, with display to PCs and X terminals acr oss the building or across the world.

Introduction 3

1 Users and Graphics

As users employ an incr easingly lar ge array of graphics applications, they ar e demanding richer graphics functionality for display of window systems, images, geometry and digital video. Each of these graphics ar eas has dif fering performance and display r equir ements, and for the developer of applications, ther e are different application pr ogram interface needs.

Equally important is the need to pr ovide seamless integration of graphics applications, so that imaging applications can display , even shar e data, with geometry applications.

Users today need to be able to manipulate graphics information on a diverse range of platforms, and be able to perform universal r endering to any device in a distributed fashion. Only a uniform model for graphics r endering will make this possible.

Above all, users need to r ealize the benefits of graphics applications. Information content can be incr eased pr ovided applications r un well and quickly, with good r esponse time for user input and graphics display .

Solaris VISUAL is a uniform, integrated, scalable graphics foundation, providing the flexibility , featur es and performance of a br oad range of graphics applications. Developers have fundamental fr eedom of choice in selecting the right interface to meet their needs. And users can be confident that their applications will r un on any Solaris-based platform.

Application Software Developers

Developers of graphics softwar e requir e rich functionality in or der to tar get specific market ar eas with their application. For example, the needs of a developer of electr onic design applications ar e different than those of a color prepress application developer . These same developers need their investment in application porting to be as well pr eserved as possible. Hence, developers need graphics interfaces that can gr ow and evolve, without incompatible changes to the API.

Softwar e developers also need device independence built into the graphics API. The ef fort necessary to support dif fering graphics devices fr om the same application places unnecessary bur den on the developer and incr eases the cost of development, maintenance and support.

4 Solaris VISUAL—Mar ch 1993

1 Finally, developers need interfaces that pr ovide the featur es and functionality they r equir e for their application. High performance, r endering intensive applications need optimized high performance APIs which can take advantage of available graphics har dwar e devices as well as pr ovide r untime optimization based upon available system characteristics.

Solaris VISUAL addr esses the needs of developers thr ough optimized foundation interfaces which pr ovide the featur es and performance needed by today’s applications. Most Solaris VISUAL interfaces ar e object-oriented to hide the underlying details of their implementations, enabling them to gracefully evolve, while r emaining compatible with pr evious r eleases.

Solaris VISUAL

Solaris VISUAL pr ovides the base-level functionality and flexibility to support integrated high-performance graphics, imaging and digital video applications, as well as the Application Pr ogramming Interfaces (APIs) they may be implemented on. Solaris VISUAL consists of thr ee key parts: Foundation Libraries, X Graphics Libraries and Graphics Porting Interfaces (GPIs).

Solaris VISUAL is the first UNIX-based computing envir onment to open its graphics envir onment completely , thus pr oviding ease of integration, simplified installation, and complete compatibility between har dwar e display devices and applications.

Solaris VISUAL is the most complete set of foundation graphics display tools available today , and together with Solaris OpenW indows addr esses application requir ements for:

• Geometry • Imaging • PostScript Rendering • Pixel-based Rendering

Figur e 1.1 illustrates the principal graphics ar eas addr essed by the Solaris VISUAL graphics envir onment components.

Introduction 5

1

Solaris VISUAL bring open systems to the world of graphics, while addr essing the needs of the volume softwar e and har dwar e markets. Users win with Solaris VISUAL because their choices ar e greater, and their potential solutions are mor e numer ous.

Solaris VISUAL Components

Figur e 1.2 illustrates the Solaris VISUAL ar chitectur e. Solaris VISUAL has four foundation libraries corr esponding to the above four major ar eas of graphics functionality .

XGL is a matur e, featur e-rich 2-D and 3-D geometry-oriented foundation interface. XIL contains a set of key functions fr om the fields of image processing and manipulation, which addr ess applications and APIs for imaging and r elated markets. PostScript pr ovides de facto standar d PostScript Level 2 rendering, and X is the industry standar d 2-D pr otocol common to all X Windows envir onments.

Imaging Pixel

MCAD/AEC

Business

Windowing EDA Animation GIS

Color

Graphics

Graphics

Arts

Prepress

Business Graphics

Geometry PostScript

Commercial

Technical

Document Imaging

Document Imaging

Technical Imaging

Figure 1.1 Solaris VISUAL Foundation Addresses a Broad Range of Graphics Markets

Color Prepress

Earth

Molecular Modeling

Resources

6 Solaris VISUAL—Mar ch 1993

1 Above the foundation libraries, ther e are a set of standar d X graphics libraries, one for each graphical ar ea. These ar e PEXlib, XIElib^1, DPSlib, and Xlib. The foundation and X graphics libraries meet the key r equir ements of graphicsoriented applications and layer ed thir d-party APIs. Solaris VISUAL is a excellent platform for interfaces like PHIGS, GKS, HOOPS, OpenGL, PIKS and many others. Figur e 1.2 illustrates the Solaris VISUAL components.

A key featur e of SVR4 is its support for dynamic linking and loading, which enables low-level foundation interfaces such as XGL and XIL to dynamically load device handlers associated with underlying display har dwar e. In this way , devices such as framebuf fers, video boar ds and geometry accelerators can easily be incorporated into Solaris-based x86 and SP ARC platforms. The Solaris VISUAL Graphics Porting Interfaces (GPIs) simplify the development and delivery of device handlers which take advantage of dynamic linking. Stable GPIs permit IHVs to develop optimized device handlers for their har dwar e.

Dynamic linking also eliminates issues associated with applications being tied to specific operating system r eleases because applications will load the latest library .

1.XIElib is curr ently under development by the MIT X Consortium

Solaris VISUAL

Display Hardwar e

XGL Geometry XIL Imaging PostScript X

PEXlib XIElib* DPSlib Xlib

Applications

Foundation Libraries

X Graphics Libraries

Figure 1.2 Solaris VISUAL Components

Device Handlers

Graphics Porting

Interfaces

* Future Implementation

Introduction 7

1 Benefits of the Solaris VISUAL Graphics Environment

The ar chitectur e of the Solaris VISUAL Graphics Envir onment pr ovides a layer ed interface scheme which addr esses a variety of devices, with alternative resolution, r endering speed and functionality . Stable interfaces further enable hardwar e developers to enhance their pr oducts without concern that the interfaces will change. Finally , the device r emains compatible acr oss operating system r eleases and r egardless of enhancements to the Solaris VISUAL foundation graphics interfaces, high level graphics APIs or the applications themselves.

This layer ed appr oach enables integrated graphics functionality because XIL, XGL, PostScript and X r endering layers access the window system in the same way. Applications which utilize XIL for imaging can generate geometry through XGL to the same window . And applications manipulating geometry can overlay raster images above the geometric data.

The standar dization of the underlying device porting layers makes it easier for OEMs and IHVs to write graphics drivers, due to the r elative ease in porting the foundation graphics interfaces to them. Additionally , softwar e applications can become shrink-wrapped because they will work with any display device which supports the Solaris VISUAL graphics interfaces. An incr eased number of products, both har dwar e and softwar e, will then drive a competitive market for Solaris-based graphics devices leading to lower cost pr oducts. Figur e 1.3 illustrates how Solaris VISUAL addr esses a wide range of platforms, devices, and applications.

The Graphics Hardware Developer (OEM, IHV)

The benefits to har dwar e developers r eside in the ability to selectively invest in tuning their devices to individual Solaris VISUAL graphics interfaces. A hardwar e vendor must do a basic port to the X Foundation library to get the Solaris VISUAL envir onment r unning on a new device. The vendor may then choose to do optimized ports for one or mor e of the other foundation libraries. For example, a har dwar e developer may wish to optimize performance of both XIL and XGL r endering, and thus addr ess multiple market segments (and users) with the same pr oduct.

8 Solaris VISUAL—Mar ch 1993

1 Har dwar e developers have the added advantage of supporting any Solaris application, and do not need to concern themselves with developing drivers for individual applications. Any API built on top of Solaris VISUAL foundation graphics interfaces will r un on the vendor ’s device, pr oviding even broader market coverage.

The Graphics Library Developer

The graphics library developer (i.e. developer of graphics libraries such as HOOPs, etc.) need not tar get specific devices, develop drivers or otherwise be concerned about maintenance and support for individual graphics devices for their pr oduct. The Solaris VISUAL Graphics Envir onment specifies clear interface definitions at both the foundation interface and graphics porting interface (GPI) levels, thus insuring compatibility fr om the application all the way down to the device.

ISVs can offer their pr oduct on a Solaris computing platform and be secur e in the knowledge that it will r un on any Solaris-compatible graphics har dwar e.

The Application Developer

Solaris VISUAL gives application developers the fr eedom to select the right API for their needs. Instead of using only APIs pr ovided by systems (har dwar e & softwar e) vendors, application developers can select the API that matches their application’s ar chitectur e, and meets their r equir ements for functionality , portability , flexibility and price.

The Enduser

For the enduser , the benefits of Solaris VISUAL truly come together . Endusers can select the application they need and r un it on the graphics device they want, all accor ding to their price and performance needs.

Further , the enduser can select a standar dized computing platform, including the operating system, networking, development envir onment and administrative tools, and know that applications will always r un. In selecting a standar d platform, the task of systems administrators is simplified - one envir onment, one platform, and thousands of compatible applications.

Introduction 9

1 Individual users can base their computing envir onment on a standar d platform, but still r etain the ability to tailor their envir onment accor ding to their needs for applications, APIs and graphics devices.

This white paper describes the individual Solaris VISUAL components and their integration into the Solaris envir onment and how applications using Solaris VISUAL can use the distributed computing capabilities of Solaris.

Figure 1.3 Solaris VISUAL Addresses a Broad Range of Platforms

Laptops

PCs

Workstations

Servers

Supercomputers

Multiprocessing Systems

Imaging or Video Application

Geometry Application

Graphic Arts Application

Framebuffers

Accelerators

Graphics I/O Devices

Shrink-wrapped

Applications

Shrink-wrapped

Hardware

Solaris Computing Platform

X-Terminals Imaging Devices

10 Solaris VISUAL—Mar ch 1993

1