SCSI and IPI Disk Interface Directions - October 1992 1

SCSI and IPI Disk Interface Directions

Introduction

One of the primary goals of Sun Micr osystems® has always been to deliver the best technology for maximum performance at the most favorable price. These goals ar e the driving for ce behind technology changes at Sun™. Over the past year, SCSI-2 has displaced IPI-2 in high end deskside workstation and server products. Over the next year , SCSI-2 will replace IPI-2 even for lar ge Data Center Servers. Why is this going to occur? What has changed that allowed SCSI to migrate fr om a moderate performance interface to a high performance interface like IPI? Why change the interface for high end systems even if SCSI can reach equal performance levels? This paper will explain why today’s SCSI meets Sun’s goals and our customer ’s needs better than IPI, and will explain the rational behind the dir ection Sun is taking.

Sun I/O Standards

Over the years, Sun has implemented thr ee industry standar d I/O architectur es designed to best meet the needs of the wide range of systems. The thr ee interfaces that have been deployed ar e SCSI/SCSI-2 (Small Computer System Interface), SMD (Storage Module Device), and IPI-2 (Intelligent Peripheral Interface). Curr ently Sun of fers only SCSI-2 and IPI-2 interfaces.

The original SCSI implementation at Sun was a single ended asynchr onous SCSI and was used to communicate with both embedded and non-embedded SCSI disk and 1/4" tape devices. SCSI was originally used as a low cost, moderate performance interface and was primarily used for desktop systems. With the intr oduction of the SP ARCstation™ 1 in 1989, Sun br ought the SCSI implementation into compliance with the SCSI-2 command set and implemented a new SCSI driver ar chitectur e called the Sun Common SCSI Architectur e (SCSA), to facilitate the writing and addition of new tar get or host adapter drivers. Sun's SCSA implementation also supports synchr onous data transfers. SCSI is now used to contr ol mor e devices such as 1/2" tape, 8mm tape, and CD-ROM.

On high-end deskside workstations and servers, Sun originally used the SMD interface to support the highest performance industry standar d drives available at the time. However , SMD pr ovided no performance gr owth path to keep pace with the incr easing performance of the systems. SMD has an architectural limitation of 3MB/sec without major changes to the electrical interface. Also, being a device level interface it did not pr ovide the intelligence needed to optimize performance acr oss a lar ge number of drives. In addition, the use of dual cables (command and data) made lar ge dual ported configurations very dif ficult. For these r easons SMD was r eplaced by IPI for Data Centers and deskside systems.

Sun SCSI Overview

The SCSI interface is an intelligent device independent interface. Sun's implementation is in compliance with the SCSI-2 ANSI standar d. SCSI is a peer to peer pr otocol which allows devices to arbitrate for the bus. The single ended 8-bit wide interface has a maximum cable length of 6 meters and a burst synchr onous transfer rate of up to 10MB/sec. Fr om the most simplistic standpoint, SCSI-2 can be thought of as the mer ging of a r efined SCSI hardwar e specification and a mor e tightly defined CCS 4B command set into a single specification. SCSI-2 featur es several interface featur es and optional commands. SCSI-2 does not mean Fast or W ide, although both interface implementations ar e cover ed in the specification. Also ther e are many commands, such as the Copy command, which ar e not r equir ed for compliance to the specification.

SCSI-2 - Lots of options

As noted above, in addition to the 1.5MB/sec asynchr onous and 5MB/sec synchr onous transfer rates, the SCSI-2 specification also defines options for 10MB/sec and 20MB/sec SCSI. These ar e commonly r eferred to as fast and wide SCSI. Fast SCSI at 10MB/sec uses new SCSI chip sets which Sun first implemented on the SP ARCstation 10. The bus is still 8-bits wide but with these faster chips, the bus can accommodate 10MB/sec, 5MB/sec and asynchr onous devices. Both single-ended and dif ferential versions of Fast SCSI are available. During initialization, the host adapter determines the maximum

SCSI and IPI Disk Interface Directions - October 1992 transfer rate of each of the devices attached to the SCSI bus thr ough a negotiation pr ocess with each tar get. Sun's single-ended Fast SCSI adher es to the industry standar d and allows Sun customers to mix 5MB/sec devices and 10MB/sec devices on the same bus. Single ended 10MB/sec SBus host adapters ar e also available for workstation and server SCSI expansion.

In addition to single ended SCSI, the specification has always defined differential SCSI to incr ease noise immunity on the SCSI bus and allow longer cable lengths. Dif ferential SCSI supports cable lengths of up to 25 meters compar ed to 6 meters for single ended SCSI. Dif ferential SCSI uses dif ferent drivers and r eceivers and r eferences the signals to each other rather than to ground. Now that SCSI performance has r eached levels appr opriate for Data Center applications, the dif ferential interface will become incr easingly important to pr ovide the connectivity needed by lar ge system configurations. Sun's differential SCSI is now available on Data Centers to pr ovide a lower cost high performance alternative to IPI-2 for lar ge server systems.

Fast wide SCSI r equir es a dif ferent chip set that allows for 16-bit wide data transfers. These chips ar e now available fr om a number of sour ces. These chip sets can double the burst transfer rate on the SCSI bus to 20MB/sec over a 16- bit bus, and can often alternatively support two separate 10MB/sec 8-bit busses. Due to competition fr om higher performance serial interface designs it is unclear if Fast W ide SCSI will be widely implemented in the industry .

Typical Configuration Sun Single-Ended SCSI Bus

5MB/sec or 10MB/sec Burst Rate

SCSI ID 0-3 Disks SCSI ID 4-5 Tape SCSI ID 6 CD Rom SCSI ID 7 Host Adapter

SPARCsystem

Intelligent Buffering to Improve Performance

Almost all SCSI devices today have complex contr ollers integrated or embedded on the device. First generation implementations usually r equir ed a bridge contr oller boar d to convert SCSI commands to device specific commands such as ST -506 or ESDI. Second and thir d generation devices available today ar e all embedded designs which means that the SCSI contr oller is integrated right on the device. These devices also featur e built in buf fers that provide burst rates at synchr onous SCSI speeds rather than disk speeds. For example, the 2.1-GB 5.25-inch dif ferential SCSI drive of fered by Sun has a sustained average data rate of ar ound 4.5MB/sec. However , short data transfers ar e typically burst out of the buf fer at about 10MB/sec. Buf fering on the drive can also help to hide mechanical latencies associated with disk drives. In a multi drive system with a number of active pr ocesses against different drives, the buf fer would help in the following manner . The system would send the r equest to the appr opriate drive. The drive would then disconnect fr om the bus and seek to the ar ea of the disk with the r equested data. While this drive is seeking, the system can send a r equest to another drive and so on. The first drive to r each the r equested data will start r eading it into the buf fer and arbitrate for the SCSI bus. If the bus is busy , the drive can hold the data in the buf fer until the bus is fr ee. Because of this, the drive will have the data r eady and be able to burst the data acr oss to the host computer as soon as the bus is available. This r educes the impact of r otational latency that would generally be experienced if the drive was not buf fered. The ability to burst data at the maximum bus rate, and to overlap operations, is extr emely important to multi-disk/multi-user system performance. The high burst rates means that each transfer takes less time on the bus. W ith the ability to overlap operations and utilize intelligent drive caching, this translates dir ectly into maximum bus utilization and maximum IOPS.

IPI Overview

IPI is a channel ar chitectur e that has migrated fr om mainframe and super minicomputer systems to Unix workstation and server systems. IPI was first integrated into the Unix market by Sun with the intr oduction of the Sun designed ISP-80 disk contr oller and the 3MB/sec 1GByte IPI drive in 1989. IPI is also an ANSI standar d and is divided into 3 layers. IPI-1 is the physical interface specification. IPI-2 is a device level interface that is used to communicate with the disk drives. IPI-3 is a higher level device independent

SCSI and IPI Disk Interface Directions - October 1992 interface that is used for communication fr om the host computer to IPI-3 peripherals. These can be devices such as very high performance tape drives, disk drives, or IPI-2 string contr ollers.

IPI was originally specified as a 16-bit wide interface with channel rates of up to 10MB/sec.The enhanced IPI-1 specification also specifies 32-bit, 64-bit wide busses. V irtually all IPI-2 drives and contr ollers, including the ISP-80 use the 16-bit wide data path. The next generation of industry standar d contr ollers will support channel rates of 10MB/sec to 25MB/sec.

Originating in the mainframe world, IPI-2 and IPI-3 fully support dual porting allowing a second contr oller to access a disk in the event of a contr oller or cpu failur e. In fact every IPI-2 disk drive has dual ports installed to support high availability configurations. Sun supports IPI dual porting thr ough On-Line: IPI Dual Port softwar e.

IPI-2 drives ar e typically high performance drives. The drives wer e originally based on the highest performance SMD disk drives. T oday most IPI-2 drives are being developed ar ound the 5.25" form factor . These drives usually shar e a common HDA (head disk assembly) with the highest performance SCSI drives.

Today’s IPI-2 drives, unlike SCSI drives do not have on-boar d buf fers to assist with r educing mechanical latencies. However , the ANSI IPI committee is adding drive buf fering to the IPI-2 specification. Enhanced IPI-2 drives with 10MB/sec buf fered burst rates ar e expected to become available late 1992. These buf fers will be simple track buf fers designed to help maximize bus utilization. However , unlike SCSI drive buf fers which now ar e often segmentable, pr edictive, and self optimizing, IPI-2 will still r ely on the disk contr oller to perform this optimization. For example, the Sun ISP-80 contr oller uses a technique known as RPS (r otational position sensing) to keep track of the position of the heads on all the disks that it is managing.

By using RPS the contr oller can ensur e that only the disk that is r eady to transfer data has possession of the bus. This keeps mechanical latency to a minimum. These techniques ar e requir ed to achieve good performance on multi-disk systems r unning applications that support a lar ge number of users simultaneously .

Interface Directions

In mid 1991 with the intr oduction of the SS600MP series of systems, Sun began the transition fr om IPI-2 to SCSI by making SCSI the standar d disk interface for deskside systems. IPI-2 was still needed for Data Center systems to pr ovide the requir ed level of connectivity and availability featur es. During the second half of 1992, Sun announced the first phase of completing this transition with the introduction of high capacity dif ferential SCSI drive on Data Center systems. IPI-2 will continue to also be available on the SS690MP Data Center . The transition will be complete with the next generation of Data Centers.

Why Sun Is Moving Away From IPI

IPI was originally selected for some very important r easons. These include:

• IPI was much higher performance than SCSI. • SMD had hit its limit, IPI was needed to balance system performance. • IPI pr ovided twice the connectivity of SMD or SCSI.

Each ISP-80 Can Manage up to 8 Disk Drives

6MB/sec IPI-2

SPARCsystem

ISP-80

SCSI and IPI Disk Interface Directions - October 1992

• IPI pr ovided dual porting for higher data availability • IPI pr ovided a gr owth path to 25MB/sec and could also pr ovide a very

clean channel ar chitectur e for lar ge systems with IPI-3.

There wer e several powerful r easons to use IPI-2 as the high performance interface when Sun intr oduced it in 1989. However , since then a number of things have changed in the industry which no longer make IPI a very attractive choice.

First of all the performance of SCSI has gr own up to meet server r equir ements. In fact, the two interfaces ar e now r oughly the same in terms of performance and capabilities. In addition, the drives themselves ar e now identical. Only the interfaces ar e different, so the performance gap between the SCSI and IPI peripherals has disappear ed.

Secondly, the IPI-2 interface will not be standar d on sub 5.25" drives. Sun has already announced a 1.05-GByte 3.5" disk drive with a 10MB/sec interface. Due to physical limitations, IPI-2 is not likely to migrate into standar d 3.5" disk products. This means that both the availability and cost of small form factor IPI-2 devices will be sever ely impacted. The following chart shows the curr ent cost/MB tr end for dif ferent disk diameters.

Just as 8 inch drives have been lar gely obsoleted by the curr ent generation of 5.25 inch drives it is expected that 3.5 inch drives will r eplace 5.25 inch drives after one or two mor e generations. The higher cost and limited availability of non-standar d sub 5.25” drives certainly limits the useful life of IPI-2 as a main

Magnetic Disk Cost/Mbyte T rends

$/MB

1989 1990 1991 1992

5 1/4” Drive 3 1/2” Drive

8” Drive

1993

stream interface. In addition, IPI-2 or IPI-3 r equir e mor e expensive contr ollers and only attain the same level of performance of fered by today’s SCSI solutions.

The table below shows a comparison of the thr ee I/O interfaces used by Sun. As you can see, IPI-2 and SCSI-2 ar e both equally good on most of the performance parameters. IPI-2 specifies transfer rates of up to 25MB/sec. However , this can only be r ealized with expensive multi-parallel head drives or when enhanced IPI-2 buf fered drives become available. In addition, most commer cially available IPI-2 solutions available today have a maximum burst transfer rate capability of about 10MB/sec. SCSI also specifies a maximum burst transfer rate of 20MB/sec, but again, the most commonly available devices ar e either 5MB/sec or 10MB/sec implementations. Both SCSI and IPI- 2 can pr ovide scalable random performance which is so important for database and NFS servers. Her e again SCSI now can actually perform as well as IPI-2 due to featur es such as intelligently managed buf fers and tagged queueing.

Attribute IPI-2

SMD SCSI

Transfer Rate

Connectivity

Intelligence

Availability Features

Scalable Performance

Industry Standard Interface Comparison

Device Independence

Widely supported on a variety of devices

Standard on 3.5” and smaller devices

SCSI and IPI Disk Interface Directions - October 1992

One of the other r ecent changes in the industry is also highlighted by the above chart. A vailability featur es have only r ecently begun to be implemented on SCSI. Although a limited number of dual ported SCSI drives may be produced, the most common method of pr oviding a level of data availability comparable to IPI-2 dual port will be thr ough multi-initiator SCSI. Just like with dual ported IPI drives, multi-initiator SCSI allows an alternate CPU to access the data if the primary CPU should fail. The dif ference is that with multi-initiator SCSI, both of the hosts ar e sharing the same data path to the drives.

Multi-initiator SCSI r equir es changes to the driver as well as new higher level softwar e. The need for this type of higher availability is just now becoming a reality because SCSI is now powerful enough to pr ovide the ideal interface solution for lar ge Data Center configurations.

There are other big wins for the SCSI interface. One is that SCSI is a widely used interface, as opposed to IPI-2 which is disk specific. This makes programmers and users lives easier by only needing to understand a single peripheral interface. Another is that SCSI will continue to be a standar d interface on 3.5” and 2.5” peripherals. T oday we ar e seeing 1GByte 3.5” disks. It won’t be very long befor e 2.5” drives will have suf ficient capacity to be the standar d disk of fering for most desktop systems. SCSI will continue to be available on these pr oducts extending the life of the interface. A thir d benefit of SCSI is the lower cost of the interface due to high volume.

SPARCserver A

SCSI

SPARCserver B

Multi-initiator Cabling Scheme

t t

Futur e I/O Interfaces

SCSI is replacing IPI on high end systems and is being be used acr oss Sun’s entir e product line for disk systems. But will SCSI always be the interface of choice for all pr oducts? The answer to this question is no. Just like SMD and IPI-2 had limited life spans, SCSI will also be r eplaced, at least at the physical layer, for many applications. Drive manufactur ers ar e looking at very small serial interfaces for the 2.5” and smaller diameter drives they ar e working on. With such an interface r unning at 25MB/sec or mor e, very low cost rings of drives could be built. Implementations such as this may be common by the middle of the decade. Other serial channels ar e also being investigated that promise to pr ovide much higher bandwidth and connectivity than is possible with either SCSI or IPI. The likely pr otocols that will be r un on these channels are SCSI and IPI-3 for I/O devices, but these same serial channels may also find other applications as well.

SCSI and IPI Disk Interface Directions - October 1992

© 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 and IPI Disk Interface Directions - 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

14 SCSI and IPI DIsk Interface Directions - October 1992