SCSI-2 Terms, Concepts, & Implications Technical Brief

Abstract

With the ANSI SCSI-2 standar d likely to become of ficial in late 1992, pr oducts which implement various SCSI-2 options ar e becoming widely available in the mass storage market. Unfortunately , ther e is considerable confusion about exactly what SCSI-2 means and what the user benefits ar e of its featur es. This technical brief explains some salient featur es of SCSI-2, and discusses their implications.

The Need for SCSI-2

The first SCSI standar d (adopted by ANSI, ISO, FIPS, and ECMA) has been highly successful, especially as a low cost interface to workstations and personal computers. However , the SCSI-1 standar d has some ambiguities in its definition, and does not allow the level of performance r equir ed by today’s high performance workstations and servers.

SCSI-2 Features

Besides a better defined set of r equir ed featur es, the SCSI-2 standar d defines several optional featur es which can have a meaningful impact on users. This paper discusses a few of the mor e important options available in the SCSI-2 envir onment, namely fast SCSI, wide SCSI, dif ferential SCSI, and tagged queueing.

Note that these ar e all optional featur es. An implementation may be fully SCSI- 2 compliant yet implement none of these four featur es. In fact, all curr ent Sun™ SCSI disk and CD-ROM pr oducts, as well as the 8mm tape pr oducts, ar e fully compliant with SCSI-2.

Also note that ther e is much mor e to the SCSI-2 standar d than these options. However , this brief discusses these four options because they ar e the most commonly discussed, and most widely misunderstood, featur es of SCSI-2.

Fast SCSI - Higher Bus Speed

The SCSI-1 standar d defined two modes of data transfer: asynchr onous (handshaked) and synchr onous (str eamed mode). SCSI-1 synchr onous transfer rates ar e limited to 5-Mbytes/sec. In many envir onments, this is acceptable. But in configurations with multiple of today’s high performance devices on a SCSI bus, 5-MB/s can make the bus a bottleneck.

To alleviate this pr oblem, the SCSI-2 standar d defines an option known as “fast SCSI”, in which the synchr onous transfer rate is doubled to 10-MB/s. The terms “fast SCSI” and “10-MB/s SCSI” ar e synonymous, and ar e used inter changeably . The term “SCSI-2” is often incorr ectly used to mean “fast SCSI”. As noted above, the fast option is just that: an option of SCSI-2.

10-MB/s, 5-MB/s, and asynchr onous devices may be fr eely mixed on a SCSI bus. Transfer rates ar e negotiated on an individual basis between the host and each device.

Fast SCSI requir es the pr oper pr otocol chips in both the host adapter and device contr oller, as well as a modified softwar e driver . Solaris® 1.1 V ersion A (SunOS™ 4.1.3) is the first Sun operating system r evision to support fast SCSI. Sun’s 2.1-Gbyte and 1.05-Gbyte SCSI disks announced in 1992 ar e both fast SCSI capable.

The SPARCstation™ 10 and the updated versions of the SP ARCserver™ 600MP series ar e the industry’s first UNIX® workstations and servers to of fer fast SCSI built into the system boar d. Sun’s FSBE/S and DSBE/S SBus car ds also offer fast SCSI-2 interfaces for additional connectivity beyond the built-in SCSI ports.

Wide SCSI - Wider Data Paths

In SCSI-1, all data transfer paths ar e parallel and 8 bits wide. The SCSI-2 standar d defines two options which widen the bus to 16 or 32 bits. Each of these options ar e referred to as “wide SCSI”. Neither the 16 bit nor 32 bit versions of wide SCSI ar e common today . The implementations that do exist are almost always 16 bits wide, and most also implement the fast option, thus

SCSI-2 Terms, Concepts, & Implications October 1992 yielding burst transfer rates of 20-Mbytes/sec. The most common application for wide SCSI pr esently is in disk arrays, particularly in RAID 0 (striping) and RAID 3 wher e sequential thr oughput is a driving objective.

It is too early to tell whether wide SCSI will ever become common. Although it offers the level of bus bandwidth that will definitely be needed with futur e high speed I/O devices, a key disadvantage is that the connector r equir ements of a 16 or 32 bit wide parallel interfaces can become pr oblematic in 3.5-inch and smaller device form factors. Given that the performance, as well as price/performance, of 3.5-inch disk drives ar e already appr oaching that of 5.25-inch drives, it may be that a serial physical interface (with much smaller connectors) will be r equir ed to meet high bandwidth r equir ements in the futur e. There are several possible high performance serial interfaces which could conceivably supplant wide SCSI.

Differential SCSI - Longer Cabling

Differential SCSI is actually not new in SCSI-2. The original SCSI standar d also defined the dif ferential interface. However , differential SCSI was very rar e until r ecently, so most dif ferential SCSI implementations ar e compliant with the SCSI-2 standar d.

The SCSI standar ds define two types of electrical interfaces: single ended and differential. Single ended is the type Sun has of fered for several years. It uses a 50-pin high density external connector . Differential SCSI uses special drivers and r eceivers that r eference the signals to each other , rather than to gr ound. Sun’s differential SCSI implementation uses a slightly lar ger, industry standar d, 68-pin high density connector .

There is no performance benefit to dif ferential SCSI. But it does allow considerably longer SCSI bus lengths than single ended. Dif ferential SCSI busses may be up to 25 meters (82 feet) in length.

Single ended SCSI is limited to 6 meters (19.7 feet) total bus length. In fact, the SCSI-2 standar d recommends that busses with fast SCSI devices be limited to 3 meters. However , with high quality shielded cables and pr oper active (regulated) bus termination as pr ovided by Sun, 6 meter fast busses ar e quite reliable. Though the ink is not yet dry on the SCSI-2 standar d, ther e is already a draft SCSI-3 standar d which allows 6 meters for fast SCSI busses, so this aspect of Sun’s SCSI implementation is SCSI-3, not SCSI-2.

In large server configurations, the cable length limit of single ended SCSI can sever ely restrict configurability . This is why Sun’s data center SCSI disk products ar e differential.

All onboar d SCSI ports on Sun systems ar e single ended, as ar e the FSBE/S and SBus SCSI Host Adapter car ds. The DSBE/S SBus car d is the only differential interface pr esently of fered by Sun.

Tagged Queueing - Multiple Outstanding Commands

The options described above pertain to the physical interface aspects of SCSI. The other major part of the SCSI standar ds is the pr otocol. Tagged queueing is a new featur e of the pr otocol in SCSI-2.

In SCSI-1, tar get contr ollers may accept only one command at a time fr om an initiator . The I/O mix of UNIX systems, in which multiple pr ocesses often issue essentially simultaneous I/O r equests, can make this a sever e limitation.

Tagged queueing can mitigate this performance r oadblock. In tagged queueing, tar get contr ollers can accept and queue multiple commands fr om multiple host pr ocesses without having to wait for a pending I/O r equest to complete.

One benefit of tagged queueing is that it af fords mor e efficient utilization of the SCSI bus. For example, after sending an I/O r equest to a disk drive, the host can send mor e commands to the same drive while the drive is performing the relatively slow cylinder seek and r otation operations. Immediately after the data has been r ead fr om or written to the media, the device can begin executing one of the queued commands at the same time as the data and/or status fr om the pr evious command is sent back up the bus to the host.

A second benefit r esults fr om the fact that, unless otherwise specified by the host, the device contr oller is allowed to execute commands in a dif ferent or der than r eceived fr om the host. A powerful and intelligently pr ogrammed contr oller (like the one in Sun’s 2.1-Gbyte fast dif ferential SCSI-2 disk drive, which includes a 16 bit 80186 pr ocessor and 256 Kbyte segmented RAM data buffer) can use this facility to impr ove overall performance.

The SCSI-2 standar d defines the queueing pr otocol which is used to communicate about tagged commands between an initiator and a tar get. But the standar d does not say anything about how the tar get contr oller should use the capability to impr ove performance. Thus, implementations of tagged

SCSI-2 Terms, Concepts, & Implications October 1992 queueing can vary fr om doing nothing to optimize performance, to simultaneous utilization of miltiple optimization algorithms. The performance benefits of dif ferent tagged queueing implementations vary significantly . All tagged queueing pr oducts ar e not the same.

There are a number of techniques which a device contr oller might use to optimize performance using tagged queueing. A common goal of all optimization algorithms is to minimize the time-costly mechanical latencies of I/O. For disk drives, tagged queueing algorithms may be designed to minimize seek times, r otational latencies, or both.

Tagged queueing r equir es considerable sophistication in both the device contr oller and the host softwar e driver . SMCC™ Engineering works extr emely closely with drive manufactur ers to optimize drive tagged queueing algorithms in concert with the Solaris device drivers. Sun’s 2.1-Gbyte 5.25 inch and 1.05-Gbyte 3.5 inch SCSI-2 drives ar e tagged queueing capable. The first Solaris r elease to of fer tagged queueing support is 2.1.

End Results - Performance and Configurability

Differential SCSI has no performance advantages. Its sole benefit is longer cable lengths, and thus mor e configuration flexibility .

The other options discussed in this brief ar e all aimed at impr oved performance. Fast and wide SCSI ar e two methods for attacking the same issue: bus bandwidth. T agged queueing allows intelligent device contr ollers to use information about data placement on the media (which only the contr oller knows) to optimize command execution independently of the host pr ocessor.

The incr eased bus bandwidth of the fast and wide options can r esult in significant benefits for certain applications. However , even today’s fastest 5.25- inch and 3.5-inch SCSI disks have internal data rates no higher than 5- Mbytes/sec, so a single disk cannot usually saturate even a 5-MB/s bus. While it is tr ue that bus transfers ar e twice as fast with 10-MB/s SCSI, bus transfer is only a small part of the total time r equir ed to service a typical I/O r equest. So doubling the bus speed does not double I/O performance.

For this r eason, ther e is usually little measurable performance benefit to fast or wide SCSI in single disk configurations. The r eal benefits of the high bandwidth options ar e obtained by applications in which multiple drives on a bus ar e being accessed at the same time, especially in random-access patterns. Applications which perform a lot of lar ge-block sequential I/O can also benefit significantly fr om the additional bandwidth, since bus time is a lar ger proportion of total I/O time in that situation.

The benefits of fast or wide SCSI can be significant if the other parts of the I/O subsystem ar e very high performance. However , fundamental disk performance characteristics like seek time, r otational latency , internal transfer rate, and SCSI command over head ar e far mor e important than higher bus bandwidth. For example, the Sun 1.3-Gbyte SCSI-2 drive, while not fast SCSI capable, will outperform many fast SCSI thir d party drives. Fast SCSI has r eal benefits, but cannot make up for low performance in other parts of the I/O subsystem.

The natur e of tagged queueing leads to its benefits being most evident when ther e are many outstanding I/O r equests for a particular device. Since most tagged queueing algorithms in disk contr ollers ar e designed to minimize total seek times, I/O patterns which tend to cluster r equests in one or mor e “hot spots” of cylinder gr oups ar e most likely to benefit. Filesystem inodes in UFS/NFS® envir onments, and indexes in database applications, tend to cr eate hot spots.

If the disk drive contr oller tagged queueing firmwar e is capable of optimizing rotational latency by servicing multiple sequential I/O r equests in a single rotation of the platters, small-block sequential I/O r equests may be significantly speeded up. This can be especially beneficial in the case of socalled asynchr onous writes, in which a pr ocess does not have to wait for a command complete message fr om the device befor e continuing execution. Note that Sun’s implementation of UFS performs clustering of sequential writes befor e SCSI commands ar e sent to the device, so the beneficiary of this type of drive contr oller optimization is raw sequential asynchr onous writes. Sequential r eads, both filesystem and raw , can obviously benefit fr om this type of rotational optimization as well, especially when the drive also performs read-aheads, as Sun’s tagged queueing drives do.

Note that tagged queueing intr oduces additional over head into the SCSI command pr otocol, so can conceivably r esult in slightly lower performance if the I/O patterns do not allow optimization of command servicing and if the I/O load on the device is light.

SCSI-2 Terms, Concepts, & Implications October 1992

The Bottom Line

The optional featur es of the SCSI-2 standar d can have tangible benefits for workstation and server users. None of these featur es is a panacea, yet each can impr ove the performance or configurability of Sun systems.

As Sun has often demonstrated, gr eat overall application performance r esults from balanced system designs. I/O subsystems ar e key components of overall system performance, and ar e especially important in applications which move a lot of data or which ar e reliant upon rapid data access.

Just as gr eat application and system performance ar e derived fr om close attention to all the components of a workstation or server , so is excellent I/O performance a r esult of zealous pursuit of high performance in all aspects of I/O subsystems, fr om the intricacies of device drivers to the fine details of device firmwar e. SMCC’s advanced implementations of higher SCSI bus bandwidth, tagged queueing, and dif ferential SCSI ar e key r easons for selecting Sun workstations, servers, and peripherals.

© 1992 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 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 .

RESTRICTED RIGHTS LEGEND: Use, duplication, or disclosur e by the United States Government is subject to the r estrictions set forth in DF ARS 252.227-7013 (c)(1)(ii) and F AR 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, SMCC, the SMCC logo, SunSoft, the SunSoft logo, Solaris, SunOS, OpenW indows, DeskSet, ONC, and NFS 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.

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

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

PERIODICALLY 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 PUBLICA TION AT ANY TIME.

SCSI-2 Terms, Concepts, & Implications October 1992

Sun Micr osystems, Inc. 2550 Garcia Avenue Mountain V iew, CA 94043 415 960-1300 FAX 415 969-9131

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

Australia: (02) 413 2666 Belgium: 32-2-759 5925 Canada: 416 477-6745 Finland: 358-0-502 27 00 France: (1) 30 67 50 00 Germany: (0) 89-46 00 8-0 Hong Kong: 852 802 4188 Italy: 039 60551 Japan: (03) 221-7021 Korea: 822-563-8700 Latin America: 415 688-9464 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: (1) 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

10 SCSI-2 Terms, Concepts, & Implications - October 1992