SunSoft, Inc. 2550 Garcia Avenue Mountain View, CA 94043

For more information, call 1 800 227-9227.

Printed in USA9/9191025-01.5K 14 SunSoft

Multithreading and Real-Time 13

SunSoft and SunT ech Enterprises plan to pr ovide many of these components, as well as work with thir d party vendors for solutions. Components that ar e already being developed include the following:

¥ Threads libraries . SunSoft will pr ovide a thr eads library that will allow C programmers to cr eate their own thr eads and communicate between thr eads. These interfaces will be conformant with the POSIX 1003.4 speci�cations.

¥ Multithread safe and multithread hot libraries . Many of the standar d libraries that pr ogrammers use ar e being made multithr ead safe. Doing so will ensur e that pr ogram corr ectness is maintained even if several thr eads try to execute the library concurr ently. Some libraries ar e even being made multithr ead hot or being optimized for multithr eaded execution.

¥ Multithreaded debugger . Perhaps the most important tool for pr ogrammers writing multithr eaded applications is a debugger that can aid multithr eaded program development. SunSoft plans to pr ovide such a debugger .

¥ Threads extensions to other languages . Various language compilers, including FOR TRAN and Ada, will be enhanced to support the explicit use of threads. These will then be extended later on to support automatic parallelization.

SunSoft and SunT ech Enterprises r ecognize multithr eading as a powerful programming paradigm. They ar e curr ently developing softwar e themselves and working with thir d party vendors to pr ovide an envir onment that will bene�t a wide variety of softwar e developers.

12 SunSoft

While Mailtool may not be an application that r eally needs to be multithr eaded, the pr evious example illustrates the power of multithr eading. Ther e are several types of applications that would bene�t fr om multithr eading and all of them have one characteristic in common: they all have multiple independent functions, which can be done concurr ently. Speci�c examples include database engines, telecommunication switching softwar e, and r eal-time contr ol softwar e that monitors asynchr onous events.

Figure 4 Multithreading a Single Application

Futur e Multithr eading Envir onment in SunOS

SunSoft understands that multithr eading is far mor e than just a multithr eaded operating system. In fact, the operating system is only the beginning. In or der to encourage applications pr ogrammers to multithr ead their applications, the softwar e envir onment should have several components to aid in this pr ocess.

User Application

Threads

Processors

File View Edit Compose

(Mailtool)

CPU 1 CPU 2 CPU 3 CPU 4

Multithreading and Real-Time 11

Compatibility

Although SunOS 5.0 has signi�cant new technology , it remains fully compatible with UNIX SVR4. It complies with all the major industry standar ds including POSIX 1003.1, X/OPEN XPG3, and SVID level 3. Furthermor e, SunOS 5.0 will preserve the UNIX SVR4 ABI.

Futur e Kernel Enhancements

SunSoft plans to continue impr oving the technology in SunOS while maintaining compatibility with standar ds. The kernel�s multithr eading performance will be even further impr oved and new r eal-time featur es added. Some of these r ealtime featur es include the following:

¥ Real-time �le system pr oviding high deterministic performance with impr oved r eliability.

¥ Real-time I/O featur es that allow applications to dir ectly interact with devices rather than use the operating system.

¥ Impr oved network performance that will allow r eal-time applications to make extensive use of networking while maintaining determinism and fast r esponse time.

Multithr eading User Applications

SunOS 5.0 is the �rst step in SunSoft�s ef fort to intr oduce the multithr eaded programming paradigm to its customers. In or der to r ealize the full potential of multithr eading, developers need an envir onment which allows them to build and execute their own multithr eaded applications. By doing so they can speed up their individual applications which can execute concurr ently.

For example, consider a multithr eaded Mailtool wher e every button in the Mailtool is assigned a thr ead that performs the function of that particular button. Therefore, one could click on the button to r etrieve new mail, and while the mail is being r etrieved compose a new message to someone else. Since dif ferent threads ar e handling each of these functions, both functions ar e done concurr ently. Of course, if the underlying har dwar e platform is a multipr ocessor, each of the thr eads could be executing on dif ferent pr ocessors. Such a Mailtool will r un several times faster than the single-thr eaded Mailtool we have today . (See Figur e 4.)

10 SunSoft

¥ Fixed priority r eal-time pr ocesses (also in standar d UNIX SVR4). SunOS 5.0 allows pr ocesses to be classi�ed as r eal-time pr ocesses. These pr ocesses have �xed priorities that ar e not af fected by the system�s heuristic priority adjustment algorithm.

¥ User pr ocess priority manipulation (also in standar d UNIX SVR4). Users can increase or decr ease the priority of pr ocesses by issuing a system call priocntl(). This gives the user contr ol over system r esponse.

¥ High r esolution timers (also in standar d UNIX SVR4). The timers in SunOS 5.0 can be pr ogrammed to pr ovide micr osecond granularity noti�cations. This is particularly useful for monitoring r eal-time events.

¥ Completely pr eemptive scheduling (SunOS 5.0 value-added). As a r esult of using locks for mutual exclusion, the SunOS 5.0 kernel has also been made completely pr eemptive. Since all critical data str uctur es are protected by locks, interr upts can be serviced as soon as they occur and if necessary , scheduling initiated immediately after pr ocessing the interr upt.

¥ Process priority inheritance (SunOS 5.0 value-added). As a r esult of preemptive scheduling, it is possible for pr ocesses in the kernel to suf fer from starvation or inde�nite postponement. In such a scenario, a high priority process could need a critical r esour ce held by a low priority pr ocess, yet not receive that r esour ce because the low priority pr ocess is never scheduled to run. SunOS 5.0 corr ects such occurr ences by making the low priority pr ocess inherit the higher priority of the waiting pr ocess until it �nishes with the critical r esour ce.

¥ Deterministic and guaranteed dispatch latency (SunOS 5.0 value-added).

SunOS 5.0 pr ovides deterministic scheduling r esponse and will guarantee various dispatch latencies on dif ferent har dwar e platforms.

Performance

SunOS 5.0 is designed to perform well on both multipr ocessor and single processor har dwar e. In a multipr ocessor machine, the multithr eaded kernel provides high concurr ency within the system, thus making maximum use of each pr ocessor. Even envir onments r unning a mix of kernel-intensive applications, such as NFS ¤ servers, will see thr oughput incr eases pr oportional to the number of pr ocessors in the system.

Users will also see an incr ease in performance on their single-pr ocessor systems. The kernel takes advantage of multiple thr eads to asynchr onously perform I/O and execute daemons. The synchr onization locks used in the kernel have also been optimized to execute quickly and consume little memory .

Multithreading and Real-Time 9

In order to pr ovide an ef �cient multithr eaded kernel, fr ee from deadlocks and starvation, many data str uctur es and algorithms have been r edesigned. Hundr eds of synchr onization locks have been added to the kernel to pr otect and arbitrate access to critical data str uctur es. These locks use the indivisible testand-set instr uctions pr ovided by the SP ARC¤ architectur e (swap and ldstub). Interr upt levels ar e no longer used to pr ovide mutual exclusion.

The SunOS 5.0 kernel also pr ovides the kernel support for application level multithr eading. Ther efore, the kernel will not have to under go any modi�cations to support futur e multithr eading interfaces (APIs).

Figure 3 Multithreading in the SunOS 5.0 Kernel

Real-T ime Featur es

SunOS 5.0 contains the r eal-time extensions of UNIX SVR4 as well as other important enhancements by SunSoft. All the r eal-time enhancements to SunOS 5.0 have been made to pr ovide deterministic scheduling r esponse. These featur es include the following:

Pr ocessors

Operating

Device Driver

Filesystem

P1 P3 P2

Multiple processors can execute within components of the kernel.

System

P4

8 SunSoft

An accurate way of judging symmetrical multipr ocessors is to understand the degr ee of symmetry . The degr ee of symmetry is best measur ed by the amount of concurr ent execution that can take place in the operating system kernel. (See Figur e 2.)

Figure 2 Degree of Symmetry as a Continuum

SunOS 5.0

SunOS 5.0 is based on UNIX ¤ SVR4 from Unix International. In addition to having all the functionality and interfaces pr ovided by SVR4, it also has several value-added featur es above and below the standar d interfaces. Per haps the most important value-added featur e is the multithr eaded envir onment. The SunOS 5.0 kernel is the �rst step in pr oviding a complete multithr eading envir onment. The kernel pr ovides a foundation on which to build such an envir onment and SunSoft and SunT ech Enterprises ar e already in the pr ocess of developing several futur e softwar e products that will exploit multithr eading.

Multithr eaded Kernel Ar chitectur e

SunOS 5.0 is a highly symmetric operating system which allows multiple threads to execute concurr ently in the operating system. In fact, several processors can even execute concurr ently within the same kernel component such as the �lesystem, or a device driver . (See Figur e 3.)

Master/Slave Complete SMP (ideal)

ASMP low symmetry high symmetry

Multithreading and Real-Time 7

.

Figure 1 Single and Multithreaded Processes

ASMP (Asymmetric Multipr ocessing) and SMP (Symmetric Multipr ocessing)

Although these terms ar e commonly used to r efer to two types of multipr ocessor systems, they mistakenly imply that symmetric multipr ocessing is a binary condition. The degr ee of symmetry is mor e accurately portrayed as a continuum and not a binary condition and various systems fall all along this continuum. (See Figur e 1.)

Clearly at one end of the spectr um is ASMP , which describes an MP system wher e several pr ocessors exist, but only one of them is designated as master . The master performs all privileged operations such as I/O and the management of operating system r esour ces. In an asymmetric system only one pr ocessor can execute the code of the operating system.

The thr oughput (performance) of asymmetric systems decr eases whenever multiple pr ocessors try to access operating system r esour ces.

Unlike ASMP , SMP is a little mor e dif�cult to de�ne because a variety of systems can be called symmetric. However , all symmetric systems shar e the pr operty that multiple pr ocessors can execute concurr ently inside the operating system (thus the term symmetric).

Single-Threaded Process

Multithreaded Process

Threads of Execution

Program Counter

Common Address Space

6 SunSoft

¥ Traditional (single-thr eaded) applications will r un unchanged in this new envir onment. Ther efore, SunOS 5.0 will pr ovide all bene�ts of UNIX SVR4 � portability acr oss har dwar e, inter operability acr oss dif ferent vendor platforms, and scalability .

Important T erminology

Multipr ocessing and multithr eading ar e gaining popularity in the workstation industry . Of course this has meant a pr oliferation of jar gon that is usually better at confusing rather than educating the r eader . The following is an explanation of some important terms used in this paper to describe multipr ocessing har dwar e and softwar e.

Tightly Coupled Multipr ocessor

A system with multiple pr ocessors (CPUs) that shar e memory and r un a single operating system. Most multipr ocessor workstations (MP) ar e of this category .

Thr ead (Thr ead of Contr ol)

A thr ead is a sequence of instr uctions or �ow of executions within a pr ogram or process. Traditional pr ocesses have only one sequence of instr uctions that can execute at any given time and ar e called single-thr eaded pr ocesses.

Multithr eading

In contrast to single-thr eaded pr ocesses, multithr eaded pr ocesses have multiple threads that can execute concurr ently. It is important to understand that both single-thr eaded and multithr eaded pr ocesses can r un on single and multipr ocessor machines.

5

Multithr eadingandReal-T ime

Atri Chatterjee and Jim Herriot

Executive Summary

This paper is tar geted at anyone who wants to know about SunSoft�s “ multithr eading operating system, SunOS “ 5.0. SunOS 5.0 is the foundation of SunSoft�s next generation distributed computing solution, Solaris “ 2.0. Solaris 2.0 is comprised of SunOS 5.0, enhanced ONC “, OpenW indows “ V3, DeskSet “ V3, and OPEN LOOK ¤.

This paper intr oduces various terms and concepts and puts these in the context of SunSoft pr oducts.

Multithr eading is seen as an important pr ogramming paradigm in the softwar e industry . Not only will it impr ove the performance of the operating system, but using it will also allow applications to impr ove their own performance.

Intr oduction

There are several important characteristics that make the multithr eaded SunOS 5.0 particularly attractive:

¥ A fully symmetric kernel. The SunOS 5.0 kernel is a highly symmetric kernel that maximizes multipr ocessor performance.

¥ The multithr eaded kernel also r uns ef �ciently on single pr ocessor machines and exploits parallelism wher ever possible, such as when performing I/O.

¥ The multithr eading technology has also made the kernel completely preemptive, thus giving it superior r eal-time performance.

¥ SunOS 5.0 pr ovides the basis for pr oviding multithr eading interfaces to applications pr ograms. The SunOS 5.0 kernel has been built to support the IEEE POSIX 1003.4a thr eads interfaces when the curr ent draft becomes a standar d.

iv SunSoft

Multithreading and Real-Time iii

T ableofContents

ExecutiveSummary 1

Intr oduction 1

ImportantT erminology 2

SunOS5.0 4

Multithr eadingUserApplications 7

� 1991 by Sun Microsystems, Inc.�Printed in USA. 2550 Garcia Avenue, Mountain View, California 94043-1100

All rights reserved. No part of this work covered by copyright may be reproduced in any form or by any means�graphic, electr onic or mechanical, including photocopying, recording, taping, or storage in an information retrieval system� without prior written permission of the copyright owner.

The OPEN LOOK and the Sun Graphical User Interfaces were developed by Sun Microsystems, Inc. for its users and licensees. Sun acknowledges the pioneering efforts of Xerox in researching and developing the concept of visual or graphical user interfaces for the computer industry. Sun holds a non-exclusive license from Xerox to the Xerox Graphical User Interface, which license also covers Sun�s licensees.

RESTRICTED RIGHTS LEGEND: Use, duplication, or disclosure by the government is subject to restrictions as set forth in subparagraph (c)(1)(ii) of the Rights in Technical Data and Computer Software clause at DFARS 252.227-7013 (October 1988) and FAR 52.227-19 (June 1987).

The product described in this manual may be protected by one or more U.S. patents, foreign patents, and/or pending applications.

TRADEMARKS

Sun Microsystems, the Sun Logo, NFS, NeWS and SunLink are registered trademarks, and Sun, SunSoft, the SunSoft Logo, Solaris, SunOS, AnswerBook, Catalyst, CDWare, Copilot, DeskSet, Link Manager, Online: DiskSuite, ONC, OpenWindows, SHIELD, SunView, ToolTalk and XView are trademarks of Sun Microsystems, Inc., licensed to SunSoft, Inc., a Sun Microsystems company. SPARC is a registered trademark of SPARC International, Inc. SPARCstation is a trademark of SPARC International, Inc., licensed exclusively to Sun Microsystems, Inc. Products bearing SPARC trademarks are based upon an architecture developed by Sun Microsystems, Inc. UNIX and OPEN LOOK are registered trademarks of UNIX System Laboratories, Inc. X Window System is a product of the Massachusetts Institute of Technology.

All other products referred to in this document are identi�ed by the trademarks of the companies who market those products.

ii SunSoft

AWhitePaper

SolarisSunOS5.0

Multithr eading and Real-T ime