A White Paper

SPARCstation 10ZX and SPARCstation ZX Graphics Technology

Please Recycle

© 1993 Sun Micr osystems, Inc.—Printed in the United States of America. 2550 Garcia Avenue, Mountain V iew, California 94043-1 100 U.S.A

All rights r eserved. This pr oduct and r elated documentation is pr otected by copyright and distributed under licenses r estricting its use, copying, distribution and decompilation. No part of this pr oduct or r elated documentation may be r eproduced in any form by any means without prior written authorization of Sun and its licensors, if any .

Portions of this pr oduct may be derived fr om the UNIX® and Berkeley 4.3 BSD systems, licensed fr om UNIX Systems Laboratories, Inc. and the University of California, r espectively . Third party font softwar e in this pr oduct is protected by copyright and licensed fr om Sun’s Font Suppliers.

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 T echnical Data and Computer Softwar e clause at DF ARS 252.227- 7013 and FAR 52.227-19.

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

TRADEMARKS Sun, Sun Micr osystems, the Sun logo, SunSoft, Solaris, OpenW indows, the XIL Imaging Library , the XGL Graphics Library, the SunPHIGS Graphics Library , and the Dir ect Xlib Graphics Library ar e trademarks or r egister ed trademarks of Sun Micr osystems, Inc. UNIX and OPEN LOOK ar e register ed trademarks of UNIX System Laboratories, Inc.. All other pr oduct names mentioned her ein ar e the trademarks of their r espective owners.

IrisGL and OpenGL ar e trademarks of Silicon Graphics, Inc. NTH GL is a trademark of Nth Graphics. PostScript and Display PostScript ar e trademarks of Adobe Systems. Figar o PHIGS is a trademark of Liant Softwar e. GRAFPAK GKS is a trademark of Advanced T echnology Center . HOOPS is a trademark of Ithaca Softwar e. Prior GKS is a trademark of Gallium Softwar e.

All SPARC trademarks, including the SCD Compliant Logo, ar e trademarks or r egister ed trademarks of SP ARC International, Inc. SP ARCstation, SP ARCserver , SPARCengine, SP ARCworks, and SP ARCompiler ar e licensed exclusively to Sun Micr osystems, Inc. Pr oducts bearing SP ARC trademarks ar e based upon an ar chitectur e developed by Sun Micr osystems, Inc.

The OPEN LOOK® and Sun™ Graphical User Interfaces wer e developed by Sun Micr osystems, Inc. for its users and licensees. Sun acknowledges the pioneering ef forts of Xer ox in r esear 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 who implement OPEN LOOK GUIs and otherwise comply with Sun’s written license agr eements. X W indow System is a trademark and pr oduct of the Massachusetts Institute of T echnology .

THIS PUBLICATION IS PROVIDED “AS IS” WITHOUT W ARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED T O, THE IMPLIED W ARRANTIES OF MERCHANT ABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT .

THIS PUBLICATION COULD INCLUDE TECHNICAL INACCURACIES OR TYPOGRAPHICAL ERRORS. CHANGES ARE PERIODICALL Y ADDED TO THE INFORMA TION HEREIN; THESE CHANGES WILL BE INCORPORA TED IN NEW EDITIONS OF THE PUBLICA TION. SUN MICROSYSTEMS, INC. MA Y MAKE IMPROVEMENTS AND/OR CHANGES IN THE PRODUCT(S) AND/OR THE PROGRAM(S) DESCRIBED IN THIS PUBLICATION AT ANY TIME.

i

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Reducing Bottlenecks in Graphics Performance . . . . . . . . . . . . 2

2. Features of the SP ARCstation ZX Accelerator . . . . . . . . . . . . . 5

Key SPARCstation ZX Accelerator Featur es. . . . . . . . . . . . . . . . 5

Bit Planes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

24-Bit Image Planes . . . . . . . . . . . . . . . . . . . . . . . . . . 6

24-Bit Double-Buf fering . . . . . . . . . . . . . . . . . . . . . . 6

24-Bit Z-Buffer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Har dwar e Window IDs . . . . . . . . . . . . . . . . . . . . . . . 6

Overlay Planes and Har dwar e Cursor . . . . . . . . . . 7

Fast Screen Clear Planes . . . . . . . . . . . . . . . . . . . . . . . 7

Dual Rendering Paths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Transformation Pipeline . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Additional Featur es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Single Primitive Optimization . . . . . . . . . . . . . . . . . 8

Multiple Rendering Modes . . . . . . . . . . . . . . . . . . . . 9

ii SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

Fast Scrolling Text and Fast Raster Operations . . . 9

Dynamic Shading . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

32 Har dwar e-Supported Light Sour ces . . . . . . . . . . 10

Anti-Aliased V ectors . . . . . . . . . . . . . . . . . . . . . . . . . . 10

NURBS Curve and Surface Support . . . . . . . . . . . . 10

Dynamic T esselation with NURBS . . . . . . . . . . . . . . 11

Transpar ency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

Depth Cueing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Har dwar e Picking . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Multiple Resolution Support . . . . . . . . . . . . . . . . . . . 13

3. SPARCstation ZX Accelerator Architecture . . . . . . . . . . . . . . . 15

System Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

SPARCstation 10ZX - MBus-based Systems . . 17

SPARCstation ZX - Non-MBus Systems . . . . . 17

The SPARCstation ZX Graphics Pr ocessor Ar chitectur e . . . . 19

Command . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Boot PROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Floating Point T ransform . . . . . . . . . . . . . . . . . . . . . 20

Render . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Frame Buf fer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Image Planes . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

Z-Buffer (Depth) Planes . . . . . . . . . . . . . . . . . . 23

Overlay Planes . . . . . . . . . . . . . . . . . . . . . . . . . . 24

Fast Clear Planes . . . . . . . . . . . . . . . . . . . . . . . . 24

Window ID Planes . . . . . . . . . . . . . . . . . . . . . . 25

Video Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Look-up T ables . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Contents iii

Video Timing . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Har dwar e Cursor . . . . . . . . . . . . . . . . . . . . . . . 27

Host Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

SPARCStation ZX Accelerator Data Paths . . . . . . . . . . . . . . . 28

Direct Path . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

Accelerated Path . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

SPARCstation ZX Pr ocessor Packaging . . . . . . . . . . . . . . . . . . 30

Stereo Capability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Adding Ster eo to the SP ARCstation ZX System . . . 28

4. SPARCstation ZX Accelerator Software . . . . . . . . . . . . . . . . . . 33

SPARCstation ZX Softwar e Interfaces . . . . . . . . . . . . . . . . . . . 33

Geometry Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

XGL Library . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

Third-Party Geometry Interfaces . . . . . . . . . . . . . . . 35

PEX and PEXlib . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

Imaging Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

XIL Library . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

Third-Party Imaging Interfaces . . . . . . . . . . . . . . . . . 36

XIE and XIElib . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

OpenW indows Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

Xlib . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

Direct Xlib Library . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

PostScript . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

5. Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

7

Introduction 1

The design and development of graphics accelerators is a complex and resour ce-intensive task. T o build the most powerful graphics pr ocessors possible, designers track and use the most advanced component and manufacturing technologies available to them. And as a r esult, some graphics workstations deliver near r eal-time simulation and modeling — necessarily at a significant price.

High performance and low price ar e the dual, significant factors in the design and pr oduction of a graphics device. Ther efore, designers should focus their energy on understanding how to maximize performance while r educing component and manufacturing costs.

The SPARCstation ™ 10 ZX and SPARCstation ZX graphics workstations ar e the first generation of an innovative graphics ar chitectur e that r eflects the characteristics of today’s advanced pr ocessor and systems technologies. The SPARCstation 10 ZX and SP ARCstation ZX graphics workstations featur e a novel ar chitectur e for advanced graphics r endering and display at extr emely compelling price and performance points.

Note – Throughout this document, the SP ARCstation 10 ZX and SP ARCstation ZX workstations will be r eferred to simply as the SP ARCstation ZX workstation.

8 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

Reducing Bottlenecks in Graphics Performance

Few users can af ford the cost of the har dwar e necessary to pr ovide industryleading performance. Instead, users ar e compelled to determine the most effective performance and functionality for their particular application.

With conventional graphics pr ocessor design, the history is r eally one of bottlenecks. Any point in the graphics pipeline could be a bottleneck. And advances in graphics technology simply move the bottleneck fr om one place to another .

3-D geometry graphics performance is dir ectly dependent on the available floating point pr ocessing capability since the calculation of transformations and lighting is compute-intensive. However , curr ent very lar ge scale integration (VLSI) technology has ef fectively driven the price of floating point performance below $2 per megaflop (MFLOP), and the graphics bottleneck has now moved to the drawing bandwidth of video RAM.

The key to building the SP ARCstation ZX system lay in understanding what portion of the graphics pipeline is scalable (and ther efore less pr one to bottlenecks), and what is not. If the VRAM pr ovides a natural barrier beyond which drawing pr ocessors do not need to scale, then why not constr uct a graphics system with low-cost drawing pr ocessors, but replicated based on optimal VRAM size?

The same r easoning applies to the manipulation and pr ocessing of the geometry data. T raditional graphics pr ocessors ar e designed to handle a lar ge range of data types and geometry primitives. The r esulting wide variation finds its way to the floating point pr ocessor, wher e diversity leads to complexity , cost, and performance limits. The simpler the floating point processor, the faster it can perform its task. And with the vector natur e of 3-D graphics operations, multiple floating point units make sense. The SPARCstation ZX design embodies this philosophy with four , independent custom floating point units, each delivering a equivalent of 150 MFLOPS for a total of 600 million floating point operations dedicated to graphics computation.

Introduction 9

1

Figur e 1.1 Graphics Rendering Stages in the SP ARCstation ZX System

Developers of the SP ARCstation ZX workstation began by working backwar d from the limitation of memory bandwidth imposed by VRAM. Design choices were based upon the idea that br eaking down complex geometry at the beginning state of graphics r endering could mor e effectively define and contr ol the pr ocessing imposed on individual floating point units. Pr oviding scalable processing to r endering operations such as edge walking and span interpolation r esulted in gr eater performance. Finally , the timing constraints associated with the cr oss-connection of multiple drawing pr ocessors accessing VRAM pr ovided a gating factor for defining the optimum number of drawing processors.

Another , very important benefit emer ged as a r esult of this ar chitectur e — the resulting graphics r endering would optimize as well for individual primitives as it would for multiple ones. Given how typical graphics pr ograms ar e written, this has the ef fect of substantial incr eases in performance for most applications.

The SPARCstation ZX workstation was developed with a philosophy of low cost and internal scalability , based on the assumption that the scalable factors in graphics pr ocessing ar e the number of VRAM planes and the amount of

Application Software Graphics API SPARC Processor ZXCommand

ZXFloat (Four Processors)

ZXDraw (Five Processors)

5 x 1 Interleave

ZXCross

Determine What to Draw... Application Commands -> Hardware Commands

Get Hardware Commands Interpret Hardware Commands Transform Points and Normals Lighting Calculations

Clip Testing Optional Clipping Screen Coordinate Conversion Setup for Incremental Rendering Walk Edges of Geometry Interpolate Spans Frame Buffer Interface RGB Z Frame Bufer

Video RAMS (Display)

10 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

1 floating point r esour ces. Car eful analysis of graphics applications and accelerators and how they pr ocess and r ender data has led to the design and development of the SP ARCstation ZX system.

This white paper explor es the ar chitectur e, capabilities, and r esulting benefits of the SPARCstation ZX graphics accelerator .

11

The SPARCstation ZX mid-range 3-D graphics accelerator tar gets users with requir ements in mechanical computer aided design (MCAD), animation and simulation, molecular modeling, scientific visualization, mapping and other 3-D market segments.

The SPARCstation ZX accelerator is optimized to accelerate the geometryoriented XGL ™ foundation graphics library . The XGL library includes 2-D and 3-D graphics primitive functions that support a wide variety of graphics-based applications. The XGL library is the foundation interface upon which most industry standar d and thir d-party graphics application pr ogram interfaces (APIs) ar e built, including OpenGL © , PHIGS, HOOPS © , PEXlib, and others.

Key SPARCstation ZX Accelerator Features

This section briefly describes some key SP ARCstation ZX featur es. These featur es are described in additional detail in Chapter 3, SPARCstation ZX Accelerator Architecture.

Bit Planes

The SPARCstation ZX accelerator includes a total of 96 bit planes. The planes are organized into gr oups pr oviding support for 24-bit double-buf fered rendering, with 24-bit Z-buf fering. Ten planes ar e provided for window ID support, eight ar e used for overlays, and six ar e used as fast clear planes to accelerate double-buf fering.

Features of the SPARCstation ZX Accelerator 2

12 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

2 24-Bit Image Planes

The SPARCstation ZX accelerator includes a 24-bit color frame buf fer that enables the simultaneous display of a continuous range of colors fr om a palette of 16.7 Million. The image planes stor e data in one of two color models: 24-bit RGB true color , or 8-bit indexed color . The color model is selected on a per pixel basis by the window ID planes.

24-Bit Double-Buffering

Double-buf fering is used by the SP ARCstation ZX accelerator to display dynamic, flicker -free animation. An image is r ender ed into of f-screen (back) memory and then switched to display (fr ont) memory for viewing. The fr ont and back buf fers ar e continually swapped as new images ar e render ed, pr oviding dynamic, smooth updates. This isolates the viewer fr om the r endering pr ocess, and avoids the display of partially r ender ed images.

The accelerator uses two sets of 24-bit planes for the highest possible image fidelity when double-buf fering. Applications can use double-buf fered image planes as if they wer e 24-bits deep. Each 24-plane image gr oup is br oken down into 8 planes (bits) each for r ed, gr een, and blue primary colors. Each doublebuffered window is allocated a unique window ID to contr ol the display of the buffers for that window .

24-Bit Z-Buffer

The SPARCstation ZX accelerator includes support for a full 24 bits of Z-buf fer. The Z-buf fer pr ovides har dwar e assistance for hidden surface r emoval, which facilitates faster dynamic r endering of 3-D objects. A 24-bit deep Z-buf fer provides appr oximately 16.7 million discr ete steps in Z, or 256 times the precision of a 16-bit Z-buf fer.

Hardware Window IDs

The SPARCstation ZX accelerator includes ten independent window ID planes for multiple, independently double-buf fered windows. W indow ID planes ar e used in both the window system and geometry pipeline, for definition of the color mode (for example, 8-bit, 24-bit, and so on), double-buf fering, overlay plane contr ol, selection of colormaps, and fast clear plane usage. Up to 80 windows may be independently buf fered without mutual interaction. In

Features of the SPARCstation ZX Accelerator 13

2 previous designs, double-buf fering between windows r equir ed synchr onization. With the SP ARCstation ZX accelerator , double-buf fering can occur whenever the processor is r eady; it does not r equir e dir ect synchr onization. Each double buffered window has a unique identifier stor ed in a har dwar e table that can be toggled to switch the fr ont and back buf fers.

Overlay Planes and Hardwar e Cursor

The SPARCstation ZX accelerator includes eight overlay planes for simultaneous 8-bit application r endering. Unlike many graphics pr ocessors, the cursor is managed by independent logic in a custom application-specific integrated cir cuit (ASIC) — that is, a har dwar e cursor , rather than in the overlay planes. This helps enable fast tracking of the mouse and incurs no over head of the system to update the cursor position on the scr een. The overlay planes further enable popup menus and 8-bit applications to appear without damaging underlying images (and their windows) and eliminates over head of r edisplay of the image planes.

Fast Screen Clear Planes

To achieve the ef fect of smooth motion, many image frames per second need to be generated quickly . Smooth motion is important when 3-D objects need to be viewed dynamically , such as in 3-D modeling, simulation, and animation. This effect requir es that the image memory , including the Z-buf fer be clear ed befor e each r edisplay , representing a fixed per -frame over head. Hence the scr een clear speed is critical to high interactivity . Using special featur es of the video RAM, the SPARCstation ZX accelerator uses six independent fast clear planes to clear the entir e image and Z-buf fer in less than 200 micr oseconds. The six fast clear planes can be set up to pr ovide plane clearing of any combination of planes (e.g. 3 double-buf fered windows, or 6 single-buf fered ones).

Dual Rendering Paths

The SPARCstation ZX accelerator uses two separate r endering paths for optimized management of 2-D integer and 2-D/3-D floating point geometry data. A dir ect path to the frame buf fer enables the host CPU to bypass floating point transformations, ther eby pr oviding low latency access to the frame buf fer. Additional logic in the contr ol and r endering ASICs also pr ovides two independent data paths — one for complex geometry (such as lit triangles), and another for low-level raster operations.

14 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

2 The dual r endering paths ensur e that non-geometry oriented r endering is unencumber ed by the geometry logic of the graphics pr ocessor, while 2-D/3-D floating point data is managed and pr ocessed in an ef ficient manner .

The independent r endering paths enable multiple pr ocesses to access the SPARCstation ZX accelerator simultaneously . In the case of a multipr ocessor configuration, even gr eater thr oughput can be r ealized with each pr ocessor updating graphics on alternate bus cycles.

Transformation Pipeline

The SPARCstation ZX ar chitectur e incorporates a highly ef ficient graphics pipeline thr ough the implementation of custom ASICs consisting of a command ASIC, multiple floating point ASICs, and multiple r endering ASICs. The command ASIC optimizes the dispatch of data for transformation thr ough a unidir ectional bus that ensur es effective load balancing is performed on the floating point ASICs.

Each floating point ASIC delivers the equivalent of 150 MFLOPS of floating point performance, with an aggr egate of 600 MFLOPS.

The command ASIC converts a variety of numeric data formats into a small number of isolated drawing primitives. The consolidation of data formats simplifies the floating point transform pr ocessor logic, leading to computational optimization and r esulting in higher performance.

Additional Features

Single Primitive Optimization

The SPARCstation ZX ar chitectur e provides for ef ficient management and rendering of both chained and individual primitives. Applications fr equently do not r ender data as chained primitives, but rather r ender each primitive one at a time. The r esult usually leads to lower than the optimized performance claimed by graphics pr oduct specifications.

In the SPARCstation ZX accelerator , the command ASIC r ecognizes both chained and unchained primitives. The ASIC deconstr ucts complex geometry and passes it on to the floating point ASICs one primitive at a time. The custom floating

Features of the SPARCstation ZX Accelerator 15

2 point ASICs ar e optimized for very specific graphics operations, defined by their individually dedicated static RAM (SRAM), and ar e connected in parallel for maximum performance.

Multiple Rendering Modes

The frame buf fer’s 24-bit image planes can be configur ed (on a per -window basis) as 8-bit or 24-bit images. All 8-bit and 24-bit applications r un simultaneously on the scr een. SunPHIGS ™ graphics library , XGL graphics library , XIL™ imaging library , Direct Xlib™ library , and Xlib applications can be written in any one of these modes.

This br oad selection of display capabilities pr ovides compatibility with existing applications and utilities. Common applications and tools can be r un in 8-bit mode and still take advantage of the window system acceleration. Applications needing nondestr uctive windows or pop-up menus can use the 8-bit mode. Windows r unning these applications and tools can be intermingled with accelerated 24-bit windows without any r estrictions.

The SPARCstation ZX accelerator also pr ovides support for 1-bit stencil mode render ed in either the overlay or image planes. This featur e is ideal for applications that draw non-destr uctive images including text and window popup menus.

Fast Scrolling Text and Fast Raster Operations

Fast window system performance is another key to the SP ARCstation ZX accelerator . For example, the dual r endering paths enable 24-bit rasters to be moved or BITBL T’d from one location on the scr een to another extr emely quickly. In addition, ther e is no performance degradation when windows ar e occluded.

Dynamic Shading

Shading is used for r endering r ealistic 3-D models. The SP ARCstation ZX accelerator pr ovides a two types of shading: Flat or faceted and smooth or Gouraud. Flat or faceted shading assigns a polygon one color . With flat shading, side-by-side polygons may have dif ferent shades of color ther eby creating the facet effect.

16 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

2 Smooth or Gouraud shading blends color acr oss each polygon. This is a mor e compute-intensive and complex task, but cr eates much mor e realistic r esults. The SPARCstation ZX accelerator speeds the r endering and dynamics of both faceted and Gouraud shading by performing the lighting and shading calculations in the floating point and r endering logic. By optimizing for shading, applications can render both Gouraud and flat-shaded objects with no dif ference in performance.

APIs based on the XGL graphics library have full access to all shading methods supported on the SP ARCstation ZX accelerator .

32 Hardware-Supported Light Sources

The SPARCstation ZX accelerator implements 32 independent light sour ces directly in har dwar e. Light sour ce types include ambient, positional, dir ectional, and spot. APIs and applications layer ed above the XGL graphics library have access to all light sour ces. Additional light sour ces (beyond the 32 in firmwar e) can be used, but r evert to softwar e for computation.

Anti-Aliased Vectors

The SPARCstation ZX accelerator supports line (vector) anti-aliasing thr ough the XGL graphics library . While additional computation is r equir ed for anti-aliasing, the calculations have minimum performance impact, r endering anti-aliased vectors at rates appr oaching that of aliased vectors. Because most complex geometric models have a lar ge per centage of short (less that 10 pixel) vectors, performance for anti-aliasing very nearly appr oximates the performance for aliased vectors.

NURBS Curve and Surface Support

Non-uniform rational B-splines (NURBS) curves and surfaces ar e concise yet powerful and general r epresentations of a wide variety of simple and complex geometries. T rimmed NURBS ar e increasingly mor e prominent in both informal and formal industry standar ds for geometric modeling and computer graphics. NURBS include powerful mathematical pr operties that pr ovide ease of manipulation and pr ocessing.

Features of the SPARCstation ZX Accelerator 17

2 From a high-level mathematical description, a graphics system tessellates curved geometry into lines (in the case of curves) or triangles (in the case of surfaces) whose sizes depend on the spatial r esolution of the curve or surface to the eye, and on the complexity of the geometry .

XGL NURBS curves ar e general enough for users to generate uniform curves such as Bezier curves, or uniform B-Splines. The or der of the curves can be up to twenty-five (most CAD applications use thr ee or four). XGL attributes of fer complete contr ol of the pr ecision associated with the curve r endering, such as dynamic tessellation to optimize the trade-of f between number of points computed and r endering time. The XGL Library also of fers a constant subdivision attribute to contr ol the distance between two consecutive knots.

Dynamic Tessellation with NURBS

The SPARCstation ZX accelerator and the XGL library pr ovide very powerful NURBS facilities, including the ability to dynamically tessellate NURBS surfaces based upon application (and user) contr ol. Dynamic tessellation in XGL is mapped dir ectly to the SP ARCstation ZX firmwar e, wher e internal algorithms pr ovide optimum performance for NURBS calculation and tessellation computation.

Transparency

The XGL library supports two transpar ency methods on the SP ARCstation ZX accelerator for 3-D surfaces: scr een-door transpar ency and alpha-blending (two-pass) transpar ency. Transpar ency can be invoked thr ough the XGL 3D Context attributes assigned to the primitive to be r ender ed.

Screen door transpar ency enables a device-dependent scr een door to r ender the object using a mesh thr ough which some of the primitives pixels ar e render ed. If the blended method is used, blending equations determine how the surface pixel values ar e blended with the backgr ound color or existing pixel values. Transpar ency may be achieved in a number of ways, dependent upon available display har dwar e. For example, transpar ency may be dir ectly supported on some devices or may use stipple patterns on others.

The SPARCstation ZX accelerator micr ocode optimizes both scr een-door and alpha-blending transpar ency methods to deliver the same high performance for either .

18 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

2 Depth Cueing

Depth cueing assists observers with per ception of depth by fading the primitive’s colors by an amount that corr esponds with the distance of the primitive fr om the observer . Typically the amount of fading incr eases with the distance.

Applications that use depth cueing often combine this ef fect with motion through animation. T wo common applications that use depth cueing ar e molecular modeling and flight simulation. In the case of molecular modeling, the backgr ound color is usually black. Depth per ception can be enhanced by fading the mor e distant parts of the molecule to black, making them appear dimmer . Oscillation of the molecule about a vertical axis enhances the depth perception of the object.

The XGL library supports two methods for depth-cueing: linear and scaled. In linear depth-cueing, the colors of the primitives ar e the same as the non-depth cued colors at the fr ont of the V irtual Device Coor dinate (VDC) viewport. At the back of the viewport, the colors completely change to the specified depth cue color (RGB) or the color at the bottom of the color ramp (for indexed color). Between these two boundaries, all colors modulate to a linear combination of the original color and the depth cue color .

Scaled depth-cueing is a superset of linear depth cueing. Scaled depth-cueing is linear between two pr edefined r eference planes, that can be placed at arbitrary depths in virtual device coor dinates. The scale factors for the fr ont and back planes must fall within values between 0.0 and 1.0. The scale factors outside the linear r egion ar e clamped at the values of the r eference planes closest to them.

The SPARCstation ZX accelerator performs both linear and scales depth cueing through micr ocode. In both cases, depth cueing is performed on a per -pixel basis with no performance penalty versus non-depth cueing r endering. Depth cueing is fully compliant with ANSI/ISO standar ds.

Hardware Picking

Picking is the ability to select individual geometry (vectors, polygons, markers, text) from a lar ge model and r eceive mor e information describing that selected geometry . Har dwar e picking makes the r esponse time almost instantaneous. Both the SunPHIGS graphics library and XGL graphics library support hardwar e picking with the locator or pick device.

Features of the SPARCstation ZX Accelerator 19

2 The SPARCstation ZX accelerator supports har dwar e picking thr ough the ZXDraw ASIC. The ZXDraw pr ocessor includes logic for bounding box definition. ZXDraw stor es the curr ent bounding box and pick ID (associated with the geometry) in its internal r egisters an, on pick selection, sends the pick ID back to the application (thr ough the graphics API).

The SPARCstation ZX graphics pipeline includes suf ficient latency to ensur e that r ender ed geometry primitives and pick IDs will always be in the corr ect order. Hence pick selections ar e guaranteed to always be corr ect.

Multiple Resolution Support

The ZXCr oss ASIC performs output pixel multiplexing, pseudo-color look-up, and gamma corr ection. A variety of monitor r esolutions ar e supported, ranging from interlaced NTSC at 640x480 pixels to 1280x1024 non-interlaced.

The support for multiple r esolution fr ees the user to select the most appr opriate solution meeting their r equir ements, based on application requir ements, image fidelity , and price. T able 2.1 lists the r esolutions possible on the SP ARCstation ZX system.

Resolution Frequency Interlaced/Non-Interlaced

1280 x 1024 76 Hz Non-interlaced

1280 x 1024 67 Hz Non-interlaced

1152 x 900 76 Hz Non-interlaced

1152 x 900 66 Hz Non-interlaced

1024 x 768 76 Hz Non-interlaced

1024 x 768 60 Hz Non-interlaced

640 x 480 60 Hz NTSC, Interlaced

770 x 575 50 Hz PAL, Interlaced

960 x 680 108 Hz Stereo Non-Interlaced, 54 Hz Field Rate per Eye

960 x 680 112 Hz Stereo Non-Interlaced, 56 Hz Field Rate per Eye

Table0.1 SPARCstation ZX Resolution and Display Parameters

20 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

2

21

The SPARCstation ZX accelerator is an innovative desktop graphics subsystem designed to heavily leverage r ecent advances in systems integration including all custom cir cuitry, and optimized logic for maximum r endering performance within the constraints of VRAM access.

The SPARCstation ZX accelerator uses 1 1 custom designed ASIC chips. The use of custom ASICs substantially r educed the r equir ement for discr ete chips and glue logic, thus pr oviding addition size and power r eduction thr ough higher integration.

The ar chitectur e also r elies on component-level and system optimization, ranging fr om multiple custom floating point logic chips (ZXFloat) specifically designed for transformations, to pipeline contr ol logic (ZXCommand) that reduces the complexity of primitive pr ocessing. Additional performance is realized by multiple specialized r endering ASICs (ZXDraw) that perform fiveway interleaving of display memory .

To facilitate maximum performance for non-graphics applications, the SPARCstation ZX accelerator employs dual r endering paths so that the window system can access the frame buf fer dir ectly, independent of the 3-D graphics pipeline.

SPARCstation ZX Accelerator Architecture 3

22 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

3 System Overview

The SPARCstation ZX accelerator can fetch vertex data dir ectly from the host system memory . This data enables the accelerator to r ender complex graphics at high speed into its frame buf fer with little or no assistance fr om the host.

The system can be either a bus master or slave, depending on its curr ent operation. For example, a graphics application may pr epar e data and pass it to the graphics library (API) being used. The graphics API in turn passes the data to the XGL library , which ef ficiently formats the data and instr ucts the processor to fetch it fr om memory . The fetch operation initiated by the graphics pr ocessor ef ficiently of f-loads this pr ocessing (fetch and put) fr om the CPU, resulting in better overall system performance. This capability is known as dir ect memory access (DMA), and is an integral part of the SP ARCstation ZX architectur e.

The SPARCstation ZX accelerator is optimized to deliver maximum r endering performance for both SBus and MBus-based SP ARC systems. The components of the system, further illustrated in Figur es 3.1 and 3.2, ar e:

• Host CPU. The CPU of the SBus workstation in which the SP ARCstation ZX

graphics accelerator is installed. The SP ARCstation ZX accelerator r elies on the SBus for host-to-accelerator communication and hence must be installed in SBus-based workstations only , including desktop, deskside, and data center systems. In workstations that support multipr ocessing, ther e may be a second CPU, which can be employed for faster application execution such as 3-D display-list oriented pr ograms.

• System Memory. The system memory is an MBus slave. The MBus is the

processor to memory bus, which is also used as a pr ocessor -to-pr ocessor bus on multipr ocessing systems. As with other systems, the system memory is used by the CPU for storage of instr uctions and data. It is also used for temporary storage of vertex data that is to be pr ocessed by the SPARCstation ZX graphics accelerator .

• I/O Devices. These can be either SBus slaves or masters, such as disk

contr ollers and communications interfaces.

• SPARCstation ZX Graphics Accelerator. The accelerator is a special purpose

computing pipeline optimized for 3-D graphics. It is both an SBus slave and a dir ect virtual memory access (DVMA) master .

SPARCstation ZX Accelerator Architecture 23

3 • SBus. The SBus is a high performance, byte-addr essed, 32- or 64-bit data-

path, synchr onous bus. It pr ovides a 32- or 64-bit virtual addr ess that allows for DVMA by all bus masters. This gr eatly simplifies softwar e memory management and pr ovides a 28-bit physical addr ess for slaves. The SPARCstation ZX can generate interr upts on the SBus to inform the host of various graphics pr ocessor conditions.

SPARCstation 10ZX - MBus-based Systems The SPARCstation 10ZX includes the MBus, a pr ocessor bus optimized for multipr ocessor -capable systems. The following components ar e part of the SPARCstation 10ZX and other MBus-based systems.

• MBus to SBus Interface (MSI). The MSI pr ovides a mechanism for

communication between the host CPU, its memory , and SBus-based devices such as the SP ARCstation ZX workstation

• MBus. The host CPU uses the MBus as a high speed bus for communication

between the CPU, system memory , and other CPUs (in a multipr ocessor configuration). The MBus is a 32-bit, byte-addr essed bus, typically r unning at 40 MHz. The host CPU communicates with the SP ARCstation ZX accelerator acr oss the MBus thr ough the MSI and via pr ocessor memory .

SPARCstation ZX - Non-MBus Systems The SPARCstation ZX workstation, in this case the non-Mbus based platform, uses only the SBus for graphics pr ocessor to memory/CPU communication. The SBus is a 32-bit, byte-addr essable peripheral bus r unning at 25 MHz.

For accelerated 3-D graphics, the host CPU builds lists of vertex data in system memory . It then tells the SP ARCstation ZX graphics accelerator (slave) that the data is r eady. The accelerator then becomes a DVMA master , fetches the vertex data dir ectly from system memory , and pr ocesses it. While this is taking place, the host CPU is fr ee to perform other tasks.

The host CPU (as a master) can also perform unaccelerated graphics operations (text or 2- D graphics) by writing dir ectly into the frame buf fer (slave).

24 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

3

Figur e 3.1 High-level Overview: SP ARCstation Host and SP ARCstation 10ZX Graphics

Figur e 3.2 High-level Overview: SP ARCstation Host and Non-MBus SPARCstation ZX Graphics

Host CPU 1

Host CPU 2*

System Memory

MBus to SBus

SPARCstation ZX Accelerator

Interface

Card

Host Workstation - MBus Based

MBus

SBus

I/O Devices

* Second CPU is available in multiprocessor workstations Video

Host CPU 1

System Memory

SBus to System Bus

SPARCstation ZX Accelerator

Interface

Card

Host Workstation - Non-MBus

System Bus (Proprietary)

SBus

I/O Devices

Video

SPARCstation ZX Accelerator Architecture 25

3 SPARCstation ZX Graphics Pr ocessor Architecture

Figur e 3.3 provides a block diagram of the SP ARCstation ZX graphics accelerator . Each of the individual blocks ar e described below .

Figur e 3.3 High-level Overview: SP ARCstation ZX Graphics Pr ocessor

Command

The ZXCommand ASIC converts chained vertex data in a variety of numeric formats into a number of isolated drawing primitives. The incoming vertex data contains position data, vertex and facet normal and color information, edge highlight flags, and chaining information. Normal and color information are represented as 32-bit floating point numbers. This data is converted into isolated triangle and line commands (all with floating point ar guments) befor e being sent to the floating point chips.

Boot PROM

The Boot PROM is a 64 KB pr ogrammable r ead-only memory that initializes the SPARCstation ZX accelerator when the workstation is power ed on. The SPARCstation ZX Boot PROM is completely compliant with the SP ARC Open Boot PROM Specification. The pr ogrammability of the boot PROM enables simplified upgrading on the PROM contents without the necessity of r eplacing the device.

Floating Point Transform

Boot PROM

Video Output

ZXCommand

Direct Port

Frame Buffer

Render

Accelerator

Port

SBus

SPARCstation ZX Graphics Processor

26 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

3 Floating Point Transform

The Floating Point T ransform section consists of four custom ZXFloat ASIC each with their own static RAM (SRAM) components. Each ZXFloat is a specialized floating point pr ocessor which is optimized for low-level graphics operations that scales linearly in performance. The SRAM memory components contain micr ocode used by the ZXFloat chips to perform their specialized operations.

The ZXCommand ASIC can access the state of each ZXFloat chip to determine which ar e busy and which ar e available. The ZXCommand chip sends accelerator port primitives to an available ZXFloat, which pr ocesses the primitive and signals the ZXCommand chip when it has completed pr ocessing. The ZXCommand chip then enables the r esults to be sent fr om the ZXFloat chip to the Render section.

The ZXFloat chips convert individual dot, vector , and triangle data fr om 3-D model coor dinates (MC) to 3-D world coor dinates (WC) to 3-D device coordinates (DC) r epresented by frame buf fer pixel locations and Z-buf fer values. ZXFloat also performs lighting calculations that r esult in thr ee floating-point values (r ed, gr een and blue) for each vertex. These values ar e a function of the color and surface pr operties of the triangle, the position of the lights, and the angle that the light hits the surface. ZXFloat also performs window clipping on the r ender ed image.

Render

The Render section consists of five ZXDraw ASICs. Each ZXDraw contr ols one-fifth of the frame buf fer memory , which is or ganized into a five-by-one interleave factor . After r eceiving their input, each ZXDraw operates independently , providing up to five times r endering speed impr ovement for many operations, and r endering up to the maximum VRAM memory bandwidth.

The ZXDraw ASIC has two internal data paths for r endering: an accelerated path and a dir ect path. The accelerated geometry path contains drawing hardwar e for 3-D images, while the dir ect path allows access to the frame buffer for window system and applications that do not need to pass thr ough the transformation pipeline.

SPARCstation ZX Accelerator Architecture 27

3 For 3-D accelerated operations, ZXDraw converts the dot, vector , or triangle parameters into pixel operations for the frame buf fer. For the vertices, ZXDraw r eceives various values, such as the slopes of the sides of a triangle, and the corr esponding incr ements for the r ed, gr een, and blue color values. ZXDraw fills in all the intermediate pixels outlined by the vertices.

ZXDraw is also r esponsible for raster operations, vector anti-aliasing, alpha transpar ency, and Z-buf fer algorithms.

Figur e 3.4 SPARCstation ZX Graphics Pr ocessor Block Diagram

ZXCommand

ZXFloat

SRAM

ZXDraw

VRAM

SBus

Floating Point

Transform

ZXDraw

VRAM

ZXDraw

VRAM

ZXDraw

VRAM

ZXDraw

VRAM

Render

Frame Buffer

ZXFloat

ZXFloat

ZXFloat

ZXCross

DAC Video Output

CD Bus

CF Bus

CX Bus

Boot PROM

28 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

3 Frame Buffer

The SPARCstation ZX frame buf fer consists of 1280 by 1024 pixels by 96 planes. The memory planes ar e organized as follows:

• 48 image planes, which can be or ganized as:

• Two RGB tr ue color buf fers of 24 planes each • Six indexed color buf fers of eight planes each

• Eight overlay planes • 24 Z-buffer planes • Six P window ID planes • Four Q window ID planes • Six fast clear planes that can be or ganized into any combination (for

example, thr ee sets of double-buf fered windows, six single-buf fered window , and so on)

The SPARCstation ZX frame buf fer supports multiple r esolutions, as illustrated in Figur e 3.5. It can also operate in a nonstandar d quad-buf fered ster eo mode of 960 by 680 pixels. A ster eo output is pr ovided to switch left and right shutters on ster eo goggles or a monitor face plate.

The SPARCstation ZX accelerator has no conventional cursor plane in the frame buf fer, because this capability is pr ovided by the ZXCr oss ASIC. Figur e 3.7 on page 27 illustrates the or ganization of the SP ARCstation ZX memory planes.

Figur e 3.5 SPARCstation ZX Frame Buf fer Resolutions

0 640 768 9601024 1152 1280

480 575 680 768 900 1024

NTSC Interlaced

PAL Interlaced

Stereo Non-Interlaced

Super VGA Non-Interlaced

Non-Interlaced

Non-Interlaced

X

Y

SPARCstation ZX Accelerator Architecture 29

3 Image Planes The 48 image planes in the frame buf fer hold a color value for each pixel to be displayed. The image planes can stor e image data using one of two color models:

• 24-bit RGB tr ue color • 8-bit indexed color

The color model is selected on a per -pixel basis by the window ID planes.

In the 24-bit tr ue color model, two separate 24-bit planes ar e dedicated to displaying the 16.7 million color gamut. Each 24-bit plane is divided evenly into eight bit planes each for the thr ee primary colors: r ed, gr een and blue. The two frame buf fers ar e referred to as buf fer A and buf fer B. As the system displays the image in buf fer A, the next stage in the image’s transition is being drawn in buf fer B. When the contents of buf fer B are complete, the display is switched fr om buf fer A to buf fer B. Figur e 3.6 illustrates the r elationship between each 24-bit buf fer and the display image.

Figur e 3.6 SPARCstation ZX Accelerator Double-Buf fering

Z-Buffer (Depth) Planes The 24-bit Z-buf fer plane stor es the depth value for the last pixel written at a given location into the image write buf fer. Z-buffering enables the system to make the portions of an object visible that ar e near er to the viewer and hide the portions that should be concealed by other portions of the object. This pr ocess is referred to as hidden surface removal.

A

B

A

B

Contents of buffer A are displayed. Buffer B is hidden during redraw.

Contents of Buffer B are displayed. Buffer A is hidden during redraw.

Raster Raster

30 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

3 Hidden surface r emoval is performed on the SP ARCstation ZX accelerator with the ZXDraw ASIC. The pr ocess tests to determine which faces ar e in front and removes those surfaces that should be hidden. First, the Z-buf fer value at each pixel is set to infinity so that any value written to a pixel is near er to the viewer than the initial pixel value. As the application draws the object, ZXDraw compar es the depth of the face with the depth of the last value written to the Z-buffer for that pixel. If the new face is not farther away , the color is written to the image memory , and ZXDraw stor es the new depth value in the Z buf fer, overwriting any pr evious value for that pixel. If the face is farther away , the face’s pixel is discar ded and nothing is changed.

Overlay Planes The eight overlay planes on the SP ARCstation ZX accelerator serve as an extra eight-bit indexed color frame buf fer. The overlay data can be transpar ent or solid. The overlay plane can also be made visible or invisible (via an enable bit). However , changing the contents or visibility of the overlay buf fer does not alter the image buf fer contents. The overlay is used to r un the user ’s desktop, and 8-bit applications not r equiring 3-D graphics acceleration.

Overlay planes pr ovide non-destr uctive annotation of underlying 8- or 24-bit images. They enable an image (a mail tool, for example), to be temporarily superimposed over another image. In this manner , the data in the image beneath is not changed or af fected; the image need not be r edrawn when the overlay image is r emoved.

Fast Clear Planes The SPARCstation ZX accelerator includes six fast clear planes to rapidly clear the scr een between frames so that animation of objects appears smooth. The six fast clear planes implement the fast clear function for thr ee selected doublebuffered image windows. Each fast clear plane pair can be assigned to clear one double-buf fered window at optimized har dwar e speed. Befor e the start of a new frame, the appr opriate fast clear plane is clear ed to all zer os, using a special high-speed clear mode, indicating that the values stor ed in the image and Z-buf fer planes ar e invalid for a specified window .

As pixels ar e render ed into the buf fer, a ‘1’ is written into the fast clear plane at the pixel location, indicating that the image and depth ar e now valid. During display r efresh, all valid pixels (Fast Clear = 1) ar e displayed using the color

SPARCstation ZX Accelerator Architecture 31

3 value stor ed in the image or overlay buf fers. Invalid pixels (Fast Clear = 0) ar e displayed using the color value stor ed in the fast clear backgr ound color assigned to that fast clear set.

The SPARCstation ZX accelerator pr oduces extr emely fast clearing of image and Z-buf fer planes, with clear rates under 200 micr oseconds. This clear rate ensur es the smooth update of successive images.

Window ID Planes The SPARCstation ZX includes a set of ten window ID planes, which ar e segmented into six P planes and four Q planes. The window ID planes ar e separated in or der to support uncorr elated overlays.

During image, Z-buf fer and overlay plane writes, the curr ent window ID value is compar ed with the stor ed window ID for each pixel. If the values ar e not equal, no write occurs.

During display cycles (50 to 1 12 times per second, depending on display configuration), the stor ed Q window ID value is used to determine overlay transpar ency, while the stor ed P code is used to specify the curr ent image display buf fer, and output color model for each pixel on the scr een. If the display is not transpar ent, the Q window ID works identically to the P window ID. The ten-bit window ID acts as an index into the window look-up table in the ZXCross ASIC to define the window’s display pr operties:

• Color mode selection: 24-bit tr ue color or 8-bit indexed color • Double-buf fered image plane window contr ol • Selection of color maps • Specification of the thr ee fast clear window sets

Video Output

The Video Output section consists of the ZXCr oss ASIC and a random-access memory digital-to-analog converter (RAMDAC). The ZXCr oss ASIC contains the window ID look-up tables (LUT s) and the color look-up tables, along with the pr ogrammable video timing generation and har dwar e cursor generation logic.

32 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

3 The ZXCr oss ASIC performs output pixel multiplexing (buf fer and channel selection), pseudo-color look-up, and gamma corr ection (as r equir ed). A variety of monitor r esolutions ar e supported, ranging fr om interlaced NTSC at 640x480 pixels to 1280x1024 non-interlaced.

Look-up T ables The window ID look-up tables define the window’s display pr operties, such as the color mode, double-buf fering, and so on. The color look-up tables ar e, in essence, color maps, which contain a selection of colors for a particular application. Color look-up tables ar e used primarily in eight-bit indexed mode.

In indexed color mode, an eight-bit value fr om the image plane addr esses a location in the color look-up table. The look-up table has as many entries as ther e are pixel values, that is, ther e are 256 (0 to 255) color map entries for the eight bits (2^8 = 256). Each of the 256 possible bit combinations r eferences an entry in the colormap, rather than dir ectly dictating the intensity of the CR T electron beam.

The output RAMDAC contains a thir d type of look-up table, known as a gamma correction table. Gamma corr ection is an adjustment to the normal color mapping to make up for non-linearity of the luminescent phosphor in color CRTs. The gamma corr ection look-up table is available to all types of color models.

Video Timing The SPARCstation ZX accelerator incorporates a pr ogrammable video timing generator in or der to support multiple display r esolutions. The timing generator has pr ogrammable r egisters that contain information such as pixel start and stop points, horizontal blanking pulse, sync pulse, and other variables. A pr ogrammable fr equency synthesizer generates dif ferent pixel clock frequencies necessary to support the multiple display r esolutions.

SPARCstation ZX Accelerator Architecture 33

3

Figur e 3.7 SPARCstation ZX Accelerator Graphics Plane Gr oups

Hardwar e Cursor Rather than implementing a conventional cursor plane in the frame buf fer, the SPARCstation ZX accelerator pr ovides har dwar e cursor generation logic directly in the ZXCr oss ASIC. The cursor information is limited to 32x32 pixels. Cursors lar ger than 32x32 must be r ender ed in softwar e.

The cursor color uses one bit of information per pixel, selecting between two cursor colors. Cursor enabling capability is made possible by an additional bit per pixel, used to disable or enable the cursor color .

Host Interface

The SPARCstation ZX pr ocessor communicates with the host workstation as an SBus slave, a DVMA master , and by generating interr upts on the SBus. The host uses the slave interface to dir ectly access the graphics pr ocessor memory and devices. The SP ARCstation ZX pr ocessor uses the DVMA interface to get graphics geometry data fr om the host system memory to the accelerator port, and to move raster data fr om the host system memory to the frame buf fer.

2 x 3 Planes

10 Planes

24 Planes

2 x 24 Planes

8 Planes

Invisible Planes

Visible Planes

3 Double-bufered Fast Clear Planes for Image and Z-buffer Clear

10 Window ID Planes for Double-buffering Control, Window Clipping, Multiple Rendering Modes, Color Map Selection, and Fast Clear/Overlay Control

24-plane Z-buffer for Precision Hidden-surface Removal

24 Double-bufered Image Planes for 24-bit True Color

8-bit Overlay Planes for Simultaneous 8-bit Application Rendering

34 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

3 DVMA is utilized with contiguous geometry only , and is not used to move attribute data fr om memory to the accelerator . Attribute data and noncontiguous geometry data use pr ogrammed I/O for their transfer to the SPARCstation ZX pr ocessor.

SPARCStation ZX Accelerator Data Paths

The SPARCstation ZX accelerator uses two, discr ete paths for r endering data between the host system and the frame buf fer. A dir ect path gives an application bidir ectional access to the frame buf fer dir ectly thr ough the ZXCommand and ZXDraw r ender logic. The accelerated path gives an application unidir ectional access to the frame buf fer thr ough ZXCommand, the ZXFloat floating point transform logic, and the ZXDraw r ender logic.

The accelerated path is optimized for 3-D graphics applications. It accepts vertex data (such as triangle strip, polyline, dot) commonly used in such applications. The dir ect path to the Frame Buf fer is pr ovided for other applications (such as text update and scr oll, and image load and stor e) that ar e not accelerated.

Figur e 3.8 SPARCstation ZX Accelerator Port versus Dir ect Port

Floating Point Transform

Boot PROM

Video Output

Command

Direct Port

Frame Buffer

Render

Accelerator Port

SBus

SPARCstation ZX Graphics Processor

SPARCstation ZX Accelerator Architecture 35

3 Direct Path

The dir ect path to the frame buf fer enables the host to bypass the floating point transformations for those applications that ar e better served by host-based softwar e. This includes complex primitives that ar e not supported thr ough the accelerator port. T asks such as the OpenW indows ™ window server , 2-D integer geometry graphics, and image pr ocessing applications r un on the host CPU and use the dir ect path to the SP ARCstation ZX frame buf fer.

The dir ect path also enables the host to access other SP ARCstation ZX graphics processor device components, for example, to update the status and contr ol registers on some of the graphics pr ocessor logic devices. This path is also used to access the Boot PROM and the look-up tables in the V ideo Output section.

The SPARCstation ZX accelerator is an SBus slave when the host uses the dir ect port to r ead or write the frame buf fer, and for a number of accelerator port functions. This is the path primarily used by the window system. Support is provided for r endering text, ar ea moves, and fill.

Accelerated Path

The accelerated path to the frame buf fer goes thr ough the Floating Point Transform section. This path is used to r ender thr ee basic primitives: dots, vectors, and triangles. The accelerator also can r ender antialiased dots, antialiased vectors, and triangle strips. V arious data formats may be used, for chained or isolated data, color information, and packed or floating point normals.

The SPARCstation ZX accelerator usually uses pr ogrammed I/O to fetch data (via the CPU) fr om system memory . However when the data consists of chained vertices, DVMA is used. After the host CPU tells the accelerator that vertex data is r eady, ZXCommand fetches the pipeline input fr om system memory using DVMA. ZXCommand converts the chained vertex data into a small number of drawing primitives with floating point coor dinates. It then passes these primitives to the Floating Point T ransform section, which transforms the data into scr een-space, fixed-point r endering parameters and passes its output to the Render section. The Render section converts the rendering parameters into pixel operations for the frame buf fer. The pixel operations include various blend and transpar ency operations along with

36 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

3 window ID and Z-buf fer checks. The frame buf fer stor es the color , depth, and transpar ency for each pixel on the display . The contents of the frame buf fer are continuously scanned out to the video display monitor .

SPARCstation ZX Pr ocessor Packaging

The SPARCstation ZX accelerator uses a double-wide SBus form factor consisting of two boar ds, stacked vertically . In the space allocated for two SBus cards (appr oximately 5x9 inches), the graphics pr ocessor of fers 96 bit planes of DRAM/VRAM, 1 1 custom (4 unique) ASICs, associated SRAM, and a RAMDAC.

This density was achieved in two ways. First, optimum use was made of the available space by integrating all r equir ed functions into custom ASICs. The use of custom ASICs helped limit the number of chips by r educing the ‘glue’ chips requir ed by discr ete generic components. V irtually all the components on the SPARCstation ZX accelerator ar e VLSI or RAM, pr oviding both high functional density and very high r eliability for the pr oduct.

Even with the density achieved thr ough high levels of integration, the SPARCstation ZX graphics pr ocessor r equir es mor e squar e inches of boar d space than a desktop would allow . So the cir cuitry was “folded” into a 2-boar d assembly , nearly doubling the available ar ea. Figur e 3.9 illustrates the SPARCstation ZX graphics pr ocessor.

Figur e 3.9 SPARCstation ZX Graphics Pr ocessor Packaging

SPARCstation ZX Accelerator Architecture 37

3 Stereo Capability

Stereopsis is a means for pr oviding depth per ception to a user viewing a computer image on the scr een. It computes separate images for the right and left eye, and then displays each image to the r espective eye. The SP ARCstation ZX graphics pr ocessor pr ovides ster eopsis capability by syncing separate images, individually computed for the left and right eyes, to an external sync mechanism attached to a viewing system worn by the user .

To use ster eo, an application pr ovides two viewing matrices (one for each eye) instead of the usual single matrix, and computes and sends the data for each eye. The application then activates ster eo mode. The OpenW indows envir onment and the SPARCstation ZX har dwar e then do the r est of the work.

Wher e application windows activate ster eo mode, the display will automatically alternate between the left and right views (as defined by the matrices), in sync with the shutter mechanism. For all non-ster eo windows, the display will automatically pr ovide the same view to both eyes.

The SPARCstation ZX accelerator supports two ster eo modes:

• 960x680 at 108 Hz Non-interlaced (54 Hz per eye) • 960x680 at 112 Hz Non-interlaced (56 Hz per eye)

Adding Stereo to the SPARCstation ZX System

The ster eo connector for connection between ster eo goggles and the SPARCstation ZX graphics accelerator is a female, thr ee-conductor , mini-phone connector , as illustrated in Figur e 3.10.

Figur e 3.10 SPARCstation ZX Graphics Pr ocessor Ster eo Connector

Video connector

Stereo Connector

38 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

3 The ster eo signal is a TTL-level, 50 per cent duty cycle signal that switches between left and right ster eo shutters. The polarity of the signal may be reversed thr ough softwar e contr ol.

Stereo cables and goggles for use with the SP ARCstation ZX system ar e available fr om the following sour ces:

StereoGraphics Corporation 2171–H East Francisco Blvd. San Rafael, CA 94901 (415) 459-4500 FAX: 415-459-3020

Tektronix, Inc. Display Pr oduct Division P.O. Box 500 Beaverton, Or egon 97077

39

SPARCstation ZX Software Interfaces

The SPARCstation ZX accelerator is supported by all Solaris ® graphics and window systems APIs, including the XGL graphics library , the XIL imaging library , the Dir ect Xlib library , PostScript, and the OpenW indows (X W indows) envir onment. Industry standar d X extension libraries such as Xlib and PEXlib are also available and ar e accelerated when appr opriate. Emer ging standar ds such as the X Imaging Extension (XIE), and Display PostScript ® (DPS), together with their r elated APIs (such as XIElib and DPSlib) will be supported in the futur e.

As a geometry device, the SP ARCstation ZX system principally accelerates the XGL geometry library , and APIs that ar e layer ed above it. However because the SPARCstation ZX accelerator incorporates a dir ect port for pixel-based rendering, imaging interfaces and window systems ar e also accelerated. The following sections briefly describe the foundation graphics interfaces and the functions accelerated on the SP ARCstation ZX pr ocessor. Figur e 4.1 illustrates the Solaris graphics and windowing APIs and their r elationship to the SPARCstation ZX system.

Geometry Interfaces

As a 3-D solids graphics accelerator , the SPARCstation ZX system r equir es a geometry-oriented graphics API to take full advantage of its featur es. Developers may use a number of industry standar d and pr oprietary interfaces available under the Solaris operating system to r ender graphics.

SPARCstation ZX Accelerator Software 4

40 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

4

XGL Library

The XGL foundation geometry library pr ovides the functionality and performance r equir ed by applications r equiring geometry manipulation and display . It optimizes 2-D and 3-D r endering, including high-quality lighting and shading, NURBS, meshes, textur e mapping, antialiasing, and transpar ency. XGL incorporates flexible geometry manipulation thr ough separate and distinct 2-D and 3-D pipelines. The XGL library includes sophisticated stateof-the-art featur es such as dynamic tessellation of NURBS surfaces, as well as flexible pipelines for lighting and transformation.

The SPARCstation ZX accelerator was developed to map as closely as possible to the featur e set and ar chitectur e of the XGL library . Individual operations defined in XGL and r epresented by the XGL ‘loadable interfaces’ ar e replaced by driver -level code that maps dir ectly to micr ocode on the SP ARCstation ZX accelerator . Among the key featur es in the XGL library accelerated by the SPARcstation ZX pr ocessor ar e:

• Transformations

Both 2-D (3x2) and 3-D (4x4) transformations

• Geometry Attributes

Common attributes including color , line type, fill pattern and textur es, etc.

• Lighting and Shading

XGL lighting models, including flat and Gouraud as well as up to 32 light sour ces (positional, dir ectional, spot, and ambient)

Figure 4.1 Solaris Foundation Graphics Libraries and Layered Interfaces

SPARCstation ZX Accelerator

XIL XGL 2-D/3-D Geometry

Imaging/Video

X Windows

XILFaxVideo

XIElib

PIKS

PEXlib GKS IRIS GL

HOOPS XGL Xlib

PostScript

PHIGS

Applications

SPARCstation ZX Accelerator Software 41

4 • Non-Uniform Rational B-Splines (NURBS)

NURBS capability , including optimized dynamic tessellation support

• Transpar ency

Both screen-door and alpha blended transpar ency

• Anti-Aliasing

Anti-aliased vector support

• Depth Cueing

Both linear and scaled

• Textur e Mapping

2-D texturing of 3-D surfaces at multiple points in the r endering pipeline

The XGL library has an object-oriented interface that hides the low-level details of implementation fr om the application developer . As such, it is ar chitected so that it may evolve as an interface, permitting new algorithms to be implemented within XGL without incompatibly changing the application program interface bindings.

Third-Party Geometry Interfaces

Third-party geometry libraries available on Solaris range fr om many implementations of PHIGS and GKS, to HOOPS^© , IrisGL^© , OpenGL^© and a large number of other interfaces. In most cases, these pr oducts ar e layer ed above the XGL library , and hence access the same functionality and experience the same performance on the SP ARCstation ZX accelerator .

PEX and PEXlib

PEX and PEXlib ar e a 3-D standar ds-based wir e protocol and X Extension API (for PEX) respectively . PEXlib and PEX both uses the XGL library and ther efore take advantage of the mapping between the XGL library and the SPARCstation ZX micr ocode.

Imaging Interfaces

While the SP ARCstation ZX pr ocessor is principally a 3-D geometry accelerator , some of its featur es are important to imaging applications. This consideration is per haps most important to users with multiple application requir ements including 3-D r endering.

42 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

4 For example, a user (or developer) of animation softwar e might use the SPARCstation ZX accelerator for 3-D geometry manipulation in modeling and simulating an animation sequence, but r ely on the SP ARC CPU performance, and the SP ARCstation ZX accelerator ’s 24-bit display and video output for generation of the compute-intensive final r endering.

A user of both imaging and geometry applications can also benefit fr om the SPARCstation ZX ar chitectur e. Imaging applications using the XIL library uses the dir ect path when r endering on the SP ARCstation ZX.

XIL Library

The XIL library is a foundation imaging library pr oviding the common functions r equir ed by many imaging applications. It defines how imaging operations, such as display , image manipulation, compr ession and decompr ession, ar e carried out.

Many low-level XIL functions ar e accelerated by the SP ARCstation ZX accelerator . These operations ar e principally associated with raster manipulation and can include:

• Color Map Manipulation • Raster Operations • Image Scaling and T ransformation • Image Clipping

The XIL library is an object-oriented interface that hides the details of its implementation fr om the pr ogrammer . This enables the internals of the XIL library to be extended without changing the interface in an incompatible way . C language bindings pr ovide compatibility with other tools available under the Solaris operating envir onment including a lar ge number of softwar e development pr oducts.

Third-Party Imaging Interfaces

Third-party imaging interfaces usually extend the capabilities and user - interface facilities of the XIL library to include br oader functionality such as image pr ocessing and manipulation, visualization, and machine and industrial vision.

SPARCstation ZX Accelerator Software 43

4 Third-party interfaces layer ed above the XIL library may exploit its capabilities on the SP ARCstation ZX accelerator . Some APIs, such as those used for mapping, image pr ocessing or visualization may use the XIL library for 2-D image pr ocessing while r elying on the XGL library for 3-D manipulation.

XIE and XIElib

XIE and XIElib ar e a 2-D standar ds-based wir e protocol and r elated X extension API curr ently under study by various standar ds or ganizations. XIE and XIElib addr ess the r equir ement for a standar d imaging library within the distributed X W indows envir onment. While XIE and XIElib ar e not yet available, they ar e expected to use the XIL library on all Solaris platforms when they become available. As a r esult, XIElib applications will experience the same performance and wher e appr opriate, the same functionality af forded to the XIL library by the SP ARCstation ZX accelerator .

OpenWindows Interfaces

The OpenW indows envir onment is an X W indows compliant server . Applications that use the X pr otocol, r unning both locally or r emotely , will receive some acceleration fr om the SP ARCstation ZX system. OpenW indows interfaces, including those listed below , use the dir ect path when r endering on the SPARCstation ZX accelerator .

The SPARcstation ZX accelerator supports ef ficient implementations of the OpenW indows window system and its APIs by pr oviding support in the following key ar eas:

• A dir ect path is pr ovided fr om the host interface thr ough ZXCommand to

the frame buf fer. Independent frame buf fer state (separate fr om the accelerator port) is maintained.

• The frame buf fer pr ovides window ID planes and clipping, supporting

arbitrarily shaped windows.

• The frame buf fer supports raster functions, including local Boolean

operations and local r ead/modify/write access to the frame buf fer.

• Stencil access mode pr ovides faster text operations, writing horizontal spans

of up to 32 pixels in a single host write r equest.

• The frame buf fer supports double-buf fering and output color map selection

on a per window basis, using window ID planes.

44 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

4 • The frame buf fer supports fast fills of r ectangular frame buf fer regions with

constants, such as setting window IDs.

• Eight overlay planes in the frame buf fer can be tr eated as a separate desktop

from the image and depth planes.

Xlib

Xlib is a 2-D integer -oriented X W indows API. Any featur es of the OpenW indows window systems accelerated by the SP ARCstation ZX accelerator may also be accelerated with Xlib.

Direct Xlib Library

The Dir ect Xlib library is an implementation of the X W indows-based Xlib library , which has been designed to use Sun’s Dir ect Graphics Access (DGA) technology . DGA uses a shar ed memory mechanism to synchr onize r endering between the graphics interface and the window system server . As a result, graphics r endering may take place independent of the window server , thus achieving higher performance.

Direct Xlib is call-for -call compatible with the Xlib library , but thr ough the use of DGA is able to be dir ectly implemented upon the host display accelerator . While standar d Xlib also achieves modest acceleration on the SP ARCstation ZX system thr ough the window server , application developers who desir e maximum performance for their locally r unning Xlib applications should consider using the Dir ect Xlib library .

PostScript

The PostScript (and Display PostScript) API was developed by Adobe Systems, initially as a printer contr ol language. Its device independence and the general trend towar d WYSIWYG display r endering has led to the availability of PostScript on Sun W orkstations ® .

On the SP ARCstation ZX system, PostScript r endering takes place thr ough the direct path. Ther efore, PostScript-based APIs enjoy the same characteristic acceleration as the OpenW indows window system. Featur es such as colormap manipulation, stencil and raster operations, non-r ectangular ar ea fill and Boolean operations ar e all accelerated on the SP ARCstation ZX pr ocessor.

45

3-D graphics technology is often as complex to design and implement as the computing platforms they complement. Similar design considerations contribute to their complexity , from heat and power constraints to performance and coupling to r elated subsystems such as I/O, memory , and so forth.

Engineering design considerations ar e relevant to both computing and graphics subsystems. And incr easingly , high-level integration, custom design, and r ecognizing system bottlenecks have become significant possible ar eas of performance and price impr ovement.

The SPARCstation ZX accelerator leverages an understanding of the architectural constraints of today’s graphics subsystems to pr ovide new levels of price/performance and flexibility . The SPARCstation 10ZX system introduces the performance of multipr ocessing to computationally-intensive graphics tasks, while the SP ARCstation ZX system is the highest performance and lowest-cost desktop solids workstation available today .

The design of the SP ARCstation ZX accelerator benefits fr om an analysis of bottlenecks in graphics pr ocessing, and a leveraging of component technologies into the highest possible level of integration. The r esulting graphics systems design achieves new levels of size r eduction, functionality , and, above all, performance. For the first time, solids modeling design can occur on every desktop and users, unencumber ed by working solely with wireframe models, can achieve new levels of design constr uction and visualization.

Summary 5

46 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

5 Coincident with the availability of SP ARCstation ZX technology is the maturation of Sun’s XGL graphics library . The XGL library , now in its thir d generation and the basis of many thir d-party graphics APIs, has added powerful new featur es, ranging fr om transpar ency and anti-aliasing to textur e mapping and dynamic NURBS tessellation. Many of the XGL library featur es map ef ficiently to the micr ocode of the SP ARCstation ZX accelerator , and all deliver substantially higher performance than any pr evious Sun platform.

The SPARCstation ZX system includes additional, powerful featur es ranging from 8-bit overlay support, and multiple r esolutions, to ster eo, 24-bit Zbuffering, extensive window ID planes, and up to 32 individual lights in microcode.

Developers and end users alike will find the SP ARCstation ZX system an attractive complement to their application solutions. Complete support for and optimized acceleration of other Solaris interfaces including the OpenW indows envir onment, the XIL library and thir d-party APIs that layer above them further incr eases the br oad applicability of the SP ARCstation ZX workstation for today’s demanding graphics user .

47

Solaris XGL Reference Manual, SunSoft Inc. Solaris XGL Programmer’s Manual, SunSoft Inc.

Solaris XIL Imaging Library Reference Manual, SunSoft Inc. Solaris XIL Imaging Library Programmers Guide,SunSoft Inc.

SunPHIGS Reference Manual, Sun Micr osystems Computer Company SunPHIGS Extensions Reference Manual, Sun Micr osystems Computer Company SunPHIGS Porting Guide , Sun Micr osystems Computer Company

Direct Xlib 2.0 Users Manual, Sun Micr osystems Computer Company

OpenWindows User’s Guide,SunSoft Inc. OpenWindows Programmers Guide,SunSoft Inc.

X Window System User’s Guide, O’Reilly & Associates. Inc. Xlib Reference Manual, O’Reilly & Associates. Inc. Xlib Programming Manua l, O’Reilly & Associates. Inc.

X Protocol Reference Manual, O’Reilly & Associates. Inc. PEX Protocol Specification Version 5.0P,MIT

PEXlib Specification and C Language Binding, Hewlett-Packar d Company , Version 5.1

PEXlib Programming Manual , O’Reilly & Associates. Inc., 1992 X Image Extension Protocol Reference Manual, MIT X Consortium, Public Review Draft V ersion 4.1.2

The Display PostScript System, Adobe Systems Inc., 1990 An Intr oduction to Computer Graphics Concepts, Addison-W esley The Renderman Companion, Upstill, Addison-W esley

References

48 SPARCstation 10ZX and SPARCstation ZX Graphics Technology White Paper — July 1993

For U.S. Sales Of fice locations, call: 800 821-4643 In California: 800 821-4642

Latin America: 415 688-9464 Mexico: 001-525-580-5229 The Netherlands: 033 501234 New Zealand: (04) 499 2344 Nordic Countries: +46 (0) 8 623 90 00 PRC: 861-831-5568

Singapor e: 224 3388 Spain: (91) 5551648 Switzerland: (01) 825 71 1 1 Taiwan: 2-514-0567 UK: 0276 20444 Elsewher e in the world, call Corporate Headquarters: 415 960-1300 Inter continental Sales: 415 688-9000

France: (1) 30 67 50 00 Germany: (0) 89-46 00 8-0 Hong Kong: 852 802 4188 Italy: 039 60551 Japan: (03) 3221-7021 Korea: 822-563-8700

Australia: (02) 844 5000 Belgium: +32 2 730 38 1 1 Brazil: 011-55-11-887-9011 Canada: 416 477-6745 Caribbean: +1 415 688-9464 Finland:+358-0-5022700

Printed in USA