' 1988 by Sun Microsystems, Inc.

This publication is protected by Federal Copyright Law, with all rights reserved. No part of this publication may be reproduced, stored in a retrieval system, translated, transcribed, or transmitted, in any form, or by any means manual, electric, electronic, electronic-magnetic, mechanical, chemical, optical or otherwise, without prior explicit written permission from Sun Microsystems, Inc.

Porting Reference Guide for Sun Workstations

Contents

Preface x

Chapter 1 Sun Operating System (SunOS) 1-1

1.1 SunOS Overview 1-1 1.2 UNIX Porting Issues 1-2 1.3 Heterogeneous Environment 1-3 1.4 Future Directions 1-4

Chapter 2 Networking 2-1

2.1 Open Network Computing 2-2 2.1.1 Network Services 2-2 2.1.1.1 Network File System 2-3 2.1.1.2 Network Lock Manager 2-3 2.1.1.3 Remote Execution Service 2-3 2.1.1.4 Yellow Pages Service 2-3 2.1.2 RPC/XDR 2-4 2.1.3 Sockets and STREAMS 2-4 2.1.3.1 Sockets 2-4 2.1.3.2 STREAMS 2-5 2.1.3.3 Sockets to STREAMS Migration 2-6 2.2 SunLink 2-6 2.2.1 IBM Connectivity 2-7 2.2.1.1 SunLink Local 3270, SNA 3270, and BSC 3270 2-7 2.2.1.2 SunLink CG3270 2-8 2.2.1.3 SunLink BSC RJE 2-8 2.2.1.4 SunLink SNA Peer-to-Peer 2-9 2.2.1.5 SunLink Channel Adapter 2-9 2.2.2 DEC Connectivity 2-10 2.2.3 Wide-Area Internetworking 2-10 2.2.4 International Standards 2-12 2.2.4.1 SunLink OSI 2-12 2.2.4.2 SunLink MHS 2-13 2.3 Personal Computer Connectivity 2-13 2.3.1 TOPS 2-13 2.3.1.1 TOPS/Macintosh 2-14 2.3.1.2 TOPS/DOS 2-14 2.3.1.3 TOPS FlashCard 2-14 2.3.1.4 TOPS NetPrint 2-14 2.3.1.5 TOPS Terminal 2-15 2.3.1.6 TOPS Repeater 2-15 2.3.1.7 TOPS TeleConnector 2-15 2.3.2 PC-NFS 2-15 2.4 Future Directions 2-16

Contents ( continued)

Chapter 3 Programming Languages 3-1

3.1 Overview 3-1 3.2 C 3-3 3.3 FORTRAN 3-3 3.4 Pascal 3-4 3.5 Modula-2 3-5 3.6 Assembly Languages 3-6 3.7 Shell Programming 3-6 3.8 Cross-Compilers 3-7 3.9 Calling across Languages 3-7 3.10 Common Lisp 3-9 3.10.1 Symbolic Programming Environment 3-10 3.11 Ada 3-11 3.11.1 Ada Programming Support Environment (ASPE) 3-12 3.12 Future Directions 3-13

Chapter 4 Software Development Tools 4-1

4.1 Programming Environment Support Tools 4-1 4.1.1 Organizing a Programming Environment 4-1 4.1.2 Editing Code 4-1 4.1.3 Organizing and Storing Code with SCCS 4-1 4.1.4 make: Keeping Files Up to Date 4-2 4.1.5 Debugging Code 4-2 4.1.6 Performance Analysis Utilities 4-3 4.1.7 Source-Code Control within NFS 4-3 4.2 Network Software Environment (NSE) 4-4 4.3 SunTrac Project Management System 4-5

Chapter 5 Window Systems on Sun Workstations 5-1

5.1 Window System Architecture Primer 5-1 5.2 User Interfaces 5-3 5.2.1 SunView User Interface 5-3 5.2.2 OPEN LOOK User Interface 5-3 5.3 Toolkits 5-4 5.3.1 SunView Toolkit 5-5 5.3.2 View2 Toolkit 5-6 5.3.3 NDE Toolkit (NeWS Development Environment) 5-6 5.3.4 NeWS Lite Toolkit and CPS 5-7 5.3.5 X11 Toolkits 5-8 5.4 Base Window Systems 5-8 5.4.1 SunWindows 5-8 5.4.2 X11/NeWS 5-9 5.4.2.1 NeWS (Network extensible Window System) 5-10 5.4.2.2 X11 5-11

Contents ( continued)

5.5 Product Transition 5-12 5.5.1 Binary Compatibility 5-12 5.5.2 SunView to View2 Migration 5-12

Chapter 6 Graphics on Sun Workstations 6-1

6.1 Portability Issues 6-1 6.2 Graphics Standards 6-4 6.2.1 SunCore 6-4 6.2.2 SunCGI 6-5 6.2.3 SunGKS 6-6 6.2.4 SunPHIGS 6-6 6.2.5 PostScript Language 6-7 6.3 Graphics Software Interfaces 6-9 6.3.1 Pixrect/Pixwin 6-9 6.3.2 Graphics Processor Software Interface (GPSI) 6-10 6.3.3 CG8: 24-bit frame buffer 6-11 6.3.4 TAAC-1 6-12 6.4 Future Directions 6-14

Chapter 7 Sun Computer Architecture 7-1

7.1 Overview 7-1 7.2 CPU/MMU/FPP Overview 7-2 7.2.1 Motorola 680X0 7-2 7.2.2 SPARC (Scalable Processor ARChitecture) 7-2 7.2.3 Intel 80386 7-3 7.2.4 Floating Point Accelerator (FPA) 7-3 7.3 Byte Ordering in a Heterogeneous Environment 7-4 7.4 Bus Architectures 7-4 7.4.1 VMEbus 7-4 7.4.2 Multibus 7-5 7.4.3 VME to Multibus Adapter 7-5 7.4.4 AT Bus 7-5 7.4.5 SCSI 7-5 7.5 UNIX Device Drivers 7-6 7.5.1 Porting Device Drivers 7-6 7.6 Sun Memory Cache 7-6 7.7 Future Directions 7-6

Chapter 8 Migration between SunOS Releases 8-1

8.1 SunOS Release Overview 8-1 8.2 SunOS 4.0 8-1 8.2.1 SunOS 4.X 8-2 8.3 The Sun and AT&T Joint UNIX Implementation 8-2 8.4 Porting from SunOS 3.X to SunOS 4.0 8-3

8.5 Suggestions for Future Releases beyond SunOS 4.0 8-4 8.6 Migrating from SunOS 3.X to SunOS System V Default Release 8-4 8.7 Migrating from SunOS 4.0 to SunOS System V Default Release 8-4 8.8 Compilation, Makefile, and Build-Related Issues 8-5 8.8.1 Other Changes 8-5

Chapter 9 Market Porting Scenarios 9-1

9.1 Electronic Design and Automation (EDA) 9-1 9.2 Mechanical CAD (MCAD) 9-2 9.3 Computer Integrated Manufacturing (CIM) 9-3 9.4 Earth Resources 9-3 9.5 Graphics Information Systems (GIS) and Mapping 9-4 9.6 Finance 9-5 9.7 Add-On Hardware/Input and Output Peripherals 9-8 9.8 Graphics and Imaging 9-9 9.9 Office Automation 9-8 9.10 CASE 9-10 9.11 Artificial Intelligence 9-11

Appendix A Sample Programs A-1

A.1 Overview A-1 A.2 C A-1 A.3 FORTRAN A-2 A.4 Pascal A-3 A.5 Modula-2 A-3 A.6 Assembly Languages A-4 A.6.1 Motorola 68020; Pascal Calls Assembly A-4 A.6.2 Intel 80386; C Calls Assembly A-5 A.6.3 SPARC; FORTRAN Calls Assembly A-5 A.7 Sockets A-6 A.8 Remote Procedure Calls (RPC) A-8 A.9 External Data Representation (XDR) A-11 A.10 Lisp A-14 A.11 SunView A-14 A.12 NeWS A-15 A.13 SunCore A-16 A.14 SunCGI A-17 A.15 SunGKS A-19 A.16 SunPHIGS A-21

Appendix B SunOS 4.0 Installation Checklist B-1

B.1 Pre-Installation B-2 B.2 Post-Installation B-4

Contents ( continued)

Appendix C Sun Documentation C-1

C.1 Software Manual Sets C-1 C.2 Software a la carte Manuals C-2 C.3 Hardware a la carte Manuals C-9

Figures

Figure 1-1 Converging UNIX System Standards 1-1 Figure 1-2 SunOS - Open Systems 1-2 Figure 1-3 SunOS Future Directions 1-4 Figure 2-1 Open Systems Network 2-1 Figure 2-2 Open Network Computing (ONC) Product Family 2-2 Figure 2-3 IPC and Driver Support in System V Release 4.0 2-6 Figure 3-1 Compiler Flow for Sun Languages 3-2 Figure 3-2 Cross-Compilers Supported by Sun 3-7 Figure 3-3 Sun�s Interlanguage Calling Sequence 3-8 Figure 5-1 Window Systems Architecture 5-1 Figure 5-2 Current Window Architecture 5-2 Figure 5-3 Future Window Architecture 5-3 Figure 5-4 The OPEN LOOK User Interface 5-4 Figure 5-5 NDE Toolkit Layers 5-7 Figure 5-6 X11/NeWS Server Structure 5-9 Figure 5-7 Comparing X11 and NeWS at a Glance 5-10 Figure 6-1 Graphics Software Interfaces and Standards 6-1 Figure 6-2 Interaction between Sun�s Graphics Software and Hardware 6-2 Figure 6-3 Standard Graphics Software Libraries for SunOS 6-9 Figure 6-4 Sun and TAAC-1 Modules 6-12 Figure 6-5 TAAC-1 Software Use 6-13 Figure 6-6 Graphics Software Interfaces 6-14 Figure 7-1 Sun Hardware Architecture 7-1 Figure 7-2 Sun Product Family 7-1 Figure 8-1 SunOS 4.0 Features 8-2 Figure 8-2 UNIX System V Release 4.0 8-3 Figure 9-1 Financial Application Example 9-6 Figure 9-2 Typical Trading Floor Solution 9-7 Figure B-1 Supported Configurations B-1 Figure B-2 Partitions for Standalone and Server Installation B-3 Figure B-3 SunOS 4.0 Pre-Installation Checklist B-4 Figure B-4 SunOS 4.0 Post-Installation Checklist B-6 viii ix