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FOREWORD

We were gratified with the kind reception by the disk drive array industry to
DISK/TREND'’s initial market study on the subject last year. This year we have
again attempted to make the report as complete as possible, both in identifying
all companies which are originating array products and in describing the size and
nature of the industry.

Many observers have compared the ongoing stampede to enter the disk
drive array industry with the rapid expansion of the number of manufacturers in
the disk drive industry at the beginning of the last decade. There are similarities,
but the number of participants in the array business is much larger. We identified
100 in last year’s DISK/TREND Report on disk drive arrays, and the total for this
year has increased to 154.

We are now in the 18th year of the DISK/TREND Report, a much longer
period than most of the companies covered in the reports have been in business.
We assume that the young disk drive array industry will go through the same
turmoil that the disk drive producers have experienced -- and we can only hope
that the best companies win!

We are always willing to help you at any time by providing additional informa-
tion on the industry which we may have available. Your suggestions for im-
provements in the DISK/TREND Report are always welcome and are sincerely
appreciated.

James N. Porter

Robert H. Katzive
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INTRODUCTION
The second DISK/TREND Report on disk drive arrays. When we initiated our first

annual market study on disk drive arrays one year ago, we established a method
of organization and set of definitions which resemble those used for many years
in the DISK/TREND Reports on disk drives, but with several additions. Concise
definitions of market classes, product specifications and shipment data were
used in gathering and organizing the statistics and text. But we made the
assumption that disk drive array terms and applications will be new to many
readers, so they have been explained in detail. Now that the second edition is
being published, we’ve followed the same plan and have even added some new
information.

Array system considerations. If you lack experience with arrays, you will find this
nontechnical review useful in understanding what arrays are, the product varia-
tions in which they are offered, and when it makes sense to use them. If you are
going through the process of deciding whether or not to use a disk drive array,
the checklist on system selection and integration is a must, to make sure you
cover all the bases. Even if you have experience in the array field, you may find
this section of the report helpful.

Defining the language. The product groups, types of products, market classes,
and geographical classifications used in this report have been defined very
carefully in the DISK/TREND array definitions at the end of the opening summary
section. Individual terms used in describing disk drives and arrays have been
defined in the Glossary section. We suggest you refer to both, as needed.

What's an array cost? In each product section new tables have been added to
display the average unit price, broken down by each of the market channels and
by each of the types of arrays, for the five year span covered by the report. In
addition to assisting many users in specific analyses, it is hoped that this informa-
tion will be useful to many readers in understanding the relative price levels of
captive, PCM/Reseller and OEM/Integrator revenues, which is important in inter-
preting DISK/TREND revenue statistics. As in all DISK/TREND Reports, we report
revenues for the sale of array products at the level of the first public sale, at the
estimated net transaction price, whether the sale occurs at the captive,
PCM/Reseller or OEM/Integrator level -- to accurately record the value of the
business to the original seller.

DISK/TREND ON DISK. The statistical and specification tables are available on
floppy disks, as a separately purchased option to buyers of this report. For easy
reference, instructions are included in the last section of this report.

1994 DISK/TREND REPORT
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SUMMARY: DISK DRIVE ARRAYS

Industry size

Disk drive arrays generated $3.4 billion in worldwide revenues in 1993, and
the total is forecasted to reach $13.0 billion in 1997, an average annual increase
of 40.3%. 214,667 disk drive arrays of all types were shipped in 1993, with 1997
projected at 837,155 units, providing a 41.2% average annual increase.

Captive disk drive arrays, arrays sold by system manufacturers with their
systems, have maintained a lead in total revenues which is expected to be con-
tinued through 1997. 1998’s $2.1 billion in captive revenue is projected to grow
to $7.4 in 1997, providing 57.2% of that year’s total revenues. It should be noted,
however, that 1997’s total captive shipments will constitute only 41.5% of the
year’s total, due to the higher than average prices for captive arrays. All array
revenues in the DISK/TREND Report are reported at the level of the first public
sale by the originating manufacturer, whether originally sold as a complete
subsystem, board assembly or software, and whether the sale occurs at the
captive end user, PCM/Reseller, or OEM/Integrator levels.

Noncaptive sales of disk drive arrays are also expected to grow rapidly.
PCM/Reseller array sales reached $1.2 billion in 1993 and are forecasted at $4.3
billion for 1997. OEM/Integrator sales, although smaller in revenue, are expected
to maintain a faster growth rate, averaging 69.8% annual increases in the 1994-97
period, with total OEM/Integrator revenues reaching $1.2 billion in 1997.

Network/minicomputer/multiuser arrays will continue to provide higher total
revenues than any other product group, growing from $2.5 billion in 1993 to a
forecasted $7.6 billion in 1997. However, the group’s share of total array reve-
nues is slated to decline from 73.1% in 1993 to 58.1% in 1997, as revenues for
mainframe arrays surge to new highs. With the expected entry of IBM into the
mainframe array arena by the end of 1994, mainframe array total sales revenues
are projected to reach $5.3 billion in 1997, 40.4% of the total for all types of
arrays.

All array product types are expected to continue growing through 1997, but
software arrays will decline to 11.4% of 1997’s revenues. Subsystems and
boards are expected to increase to 54.1% and 34.5% of the total, respectively.

1994 DISK/TREND REPORT



U.S. Manufacturers
Captive
PCM/Resel ler

OEM/ Integrator

TOTAL U.S. REVENUES

Non-U.S. Manufacturers
Captive
PCM/Resel ler

OEM/ Integrator

TOTAL NON-U.S. REVENUES

Wor ldwide Recap

TOTAL WORLDWIDE REVENUES

TABLE 1

CONSOL [ DATED WORLDWIDE REVENUES

1993

----Revenues- - -

U.S.

993.8

632.8

116.6

W

2,050.5

937.1

165.2

DISK DRIVE ARRAYS

REVENUE SUMMARY

1,340.9 2,625.1

1,115.1

191.1

1,743.2 3,152.8 2,647.1

132.4

9.3

141.7

35.6

228.2

18.8

282.6

223.2

24.6

247.8

1,654.2

297.7

4,577.0

43.6

376.5

47.5

467.6

1,884.9 3,435.4 2,804.9 5,044.6

DISK DRIVE ARRAY REVENUES, BY SHIPMENT DESTINATION (3$M)
Forecast

2,643.0 4,712.2 3,740.7 6,493.8

1,472.3

353.3

4,468.6

235.9

39.4

278.6

4,747.2
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2,231.1

552.0

1,847.8

540.2

2,825.9

818.3

7,495.3 6,128.7 10,138.0

68.5

403.3

72.9

544.7

5.6

372.1

53.3

431.0

88.6

636.0

91.7

816.3

8,040.0 6,559.7 10,954.3

4,184 .4

2,262.7

767.7

7,214.8

506.6

70.5

585.9

7,800.7

SUM-3

7,338.8

3,477.2

1,118.9

11,934.9

104 .4

859.0

113.4

1,076.8

13,011.7
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Marketing channels

The young disk drive array industry has seen many enthusiastic missionary
selling campaigns sponsored by the numerous independent manufacturers of
controllers and other noncaptive data storage peripherals which have entered
the disk drive array business, mostly aimed at the rapidly growing market for
network file servers.

However, computer system manufacturers of all kinds have also developed
arrays, and captive arrays have produced the majority of revenues to date.
Internally developed arrays are being sold as captive products with their own
systems by many types of system manufacturers, including supercomputer
manufacturers such as Cray Research and Thinking Machines, midrange system
manufacturers such as Digital Equipment, Tandem Computers, Hewlett-Packard
and Data General, and by personal computer manufacturers such as Compaq
Computer. Captive arrays of all kinds held 60.7% of the 1993 worldwide revenue
total. As noncaptive market penetration increases, the captive total is expected
to decline to 57.2% by 1997.

Noncaptive array sales are dominated by the PCM/Reseller channel which
starts and ends the five year span of this report with one third of all array reve-
nues. More than half of the PCM/Reseller revenues are derived from mainframe
arrays, which are low in unit shipments but very high in average price. Although
PCM/Reseller sales of arrays for network file server applications has been slower
than the participants desired, it is expected that the missionary selling will even-
tually pay off, with a six times increase in 1993’s shipments of complete subsys-
tems for network applications forecasted by 1997, to 118,880 units.

OEM/Integrator array sales are also starting from a low base level. However,
the many network server programs which got under way last year using OEM
subsystems and boards will increase overall OEM/Integrator revenues over the
19938 total by a factor of almost seven, boosting 1997’s total to $1.2 billion.

Of the 154 array manufacturers identified in this report, 131 are headquar-
tered in the United States and these manufacturers produced over 91% of
worldwide array revenues. Despite the fact that the U.S. is less than 60% of the
worldwide array market, the development and sales momentum already attained
will enable U.S. companies to maintain their current market share through 1997.
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WORLDWIDE REVENUES
BY MANUFACTURER TYPE

U.S. Manufacturers
Captive
PCM/Resel ler

OEM/ Integrator

Total U.S. Manufacturers

Non-U.S. Manufacturers
Captive
PCM/Resel ler

OEM/ Integrator

Total Non-U.S. Manufacturers

Woridwide Recap
Captive
PCM/Resel ler

OEM/ Integrator

Total All Manufacturers

TABLE 2
CONSOL IDATED WORLDWIDE REVENUES
DISK DRIVE ARRAYS
MARKET CLASS REVIEW

REVENUE SUMMARY

2,050.5 59.6% 2,625.1 52.0% 4,712.2
+131.3% +28.0% +79.5%
837.1 27.2% 1,654.2 32.7% 2,231.1
+102.3% +76.5% +34.9%
165.2 4.8% 297.7 5.9% 552.0
+92.8% +80.2% +85.4%
3,152.8 91.6% 4,577.0 90.6% 7,495.3
+119.6% +45.2% +63.8%
35.6 1.0% 43.6 .8% 68.5
+41.8% +22.5% +57.1%
228.2 6.6% 376.5 7.4% 403.3
+976 .4% +65.0% +7.1%
18.8 .8% 47.5 1.2% 72.9
+283.7% +152.7% +53.5%
282.6 8.4% 467.6 9.4% 544.7
+452 .0% +65.5% +16.5%

2,086.1 60.7% 2,668.7 52.9% 4,780.7
+128.8% +27.9% +79.1%
1,165.3 33.9% 2,030.7 40.3% 2,634 .4
+140.5% +74.3% +29.7%

184.0 5.4% 3456.2 6.8% 624.9
+103.1% +87.6% +81.0%

3,435.4 100.0% 5,044.6 100.0% 8,040.0
+131.0% +46.8% +59.4%

58.

27.

93.

59.

32.

100.

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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Forecast

T 1996- - -
M

6% 6,493.8 59.
+37.8%

7% 2,825.9 25
+26.7%

.8% 818.3 7
+83.1%

1% 10,138.0 92.
+35.3%

.8% 88.6
+29.3%

.0% 636.0 5
+57 . 7%

1% 91.7
+25.8%

.9% 816.3 7
+49.9%

5% 6,582.4 60.
+37.7%

8% 3,461.9 31
+31.4%

7% 910.0 8
+75.0%

0% 10,954.3 100.
+36.2%

3%

7%

.5%

5%

.8%

.8%

.9%

.5%

1%

.6%

.3%

SUM-5

------ 1997-----
M %
7,338.8 56.4%

+13.0%
3,477.2 26.7%
+23.0%
1,118.9 8.6%
+36.7%
11,934.9 91.7%
+17.7%
104.4 .8%
+17.8%
859.0 6.6%
+35.1%
113.4 .9%
+23.7%
1,076.8 8.3%
+31.9%
7,443.2 57.2%
+13.1%
4,336.2 33.3%
+25.3%
1,232.3 9.5%
+35.4%
13,011.7 100.0%
+18.8%
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Product groups

Overall array shipments and revenues are dominated by the networks/mini-
computer/multiuser product group. The product group’s $2.5 billion in 1993
revenues was 73.1% of the overall total, and the group’s 1993 shipments of
194,041 arrays was 90.5% of the total for all arrays. Extensive participation in this
product area by more than ten U.S. systems manufacturers, selling internally
developed arrays with their own computer systems on a captive basis, has pro-
vided a large initial sales thrust for the product group, with captive revenues
contributing 82% of the 1993 overall total for the product group. But while cap-
tive sales in the networks/minicomputer/multiuser systems product group are
expected to more than double in revenues by 1997, their share of the group’s
total is expected to fall to 62.4%.

In 1993, noncaptive array unit shipments in the networks/minicomputer/-
multiuser product group were less than the captive total, but by 1997 noncaptive
arrays are projected to provide 66.4% of the product group’s unit total. Leading
this growth will be boards in the OEM/Integrator channel, with 225,215 units in
1997, and PCM/Reseller complete subsystems, with 118,800 arrays in the same
year.

With only a few participants to date, mainframe system arrays produced
25.2% of the revenue for all product groups in 1993, and an insignificant 0.9% of
all array unit shipments in 1993, but the market entry of additional significant
suppliers will boost the expected 1997 mainframe share to 40.4% of the overall
revenue total.

So far, EMC has produced most of the revenues for mainframe arrays as the
result of the company’s sales success with its Symmetrix mirrored disk systems,
with an assist from Hitachi Data Systems, which introduced its own mainframe
disk subsystem with RAID-1 capability in mid-1993. However, shipments of
Storage Technology’s overdue Iceberg are expected to start by this summer.
And DISK/TREND shares the general industry assumption that IBM, the leading
protagonist in the drama, will start shipments of a mainframe array in the autumn
of 1994, with the remaining PCM vendors not far behind. All of this activity is
expected to boost mainframe array revenues from 1993’s $867.4 million to the
projected $5.3 billion in 1997.

1994 DISK/TREND REPORT



Although significant to the participating companies in each product group,
neither single user arrays nor very high performance arrays are expected to
produce more than 1% of the overall 1997 revenue total. The revenue totals in
both groups will be modest -- but for different reasons in each product group.

Very high performance arrays, used by supercomputers, imaging systems
and high-end workstations, are forecasted to generate revenues of $131.9 million
in 1997. Most of the significant supercomputer manufacturers have recently
added captive array subsystems to their product lines, so that the growth already
envisioned in DISK/TREND forecasts is probably all that can be expected from
the system manufacturers’ product line enhancements. Growth in the traditional
supercomputer system market is expected to be modest compared to other
computer application areas. The largest shipment increases for this product
group through 1997 are expected to be generated by OEM/Integrator shipments
to massively parallel computer manufacturers, high-end workstation producers
and specialized video/imaging system manufacturers.

Single user arrays are expected to continue to provide only 0.5% of the
overall total array revenue during the entire 1993-97 period, with a $64.4 million
total for 1997, depressed by very low average unit prices. Usage will be broader
than the revenue total suggests, however, with 1997 shipments of 55,420 single
user arrays projected. Growth in this product group relies heavily on noncaptive
add-on sales of low cost subsystems and boards, mostly RAID-1 mirrored disk
arrays. PCM/Reseller sales will continue to predominate, with sales concentrated
in a narrow segment of the Macintosh, IBM compatible PC and UNIX workstation
market -- serving those single users who think their work is mission critical and
have the funds available for highly reliable data storage.

1994 DISK/TREND REPORT
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Figure 1

CHANGING PRODUCT MIX

Worldwide Disk Drive Array Revenue

Mainframe

Very High Performance $867,000,000

$45,000,000 ,
Single User

$17,000,000

Net/Multi/Mini
$2,507,000,000

1993

Very High Performance
$132,000,000 Mainframe
< $5,261,000,000

Single User
Net/Multi/Mini $64,000,000

$7,554,000,000

1997
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WORLDWIDE REVENUES
ALL MANUFACTURERS

SINGLE USER SYSTEMS

NETWORKS/MIN! /MULT IUSER

MAINFRAMES

VERY HIGH PERFORMANCE

Total Worldwide Revenue

TABLE 3
CONSOL IDATED WORLDWIDE REVENUES
DISK DRIVE ARRAYS
PRODUCT GROUP REVIEW

REVENUE SUMMARY

------ 19983-----  -e----ie--ienen--o-----------Forecast
----Revenues---  ------ 1994-----  ------ 1995-----  ------
M % M % $M % $M
16.7 .5% 27 .1 .5% 41.7 .5% 55.8
+496.4% +62.3% +53.9% +33.8%
2,506.5 73.1% 3,346.9 66.3% 4,889.8 60.8% 6,157.0
+107.8% +33.5% +46.1% +25.9%
867.4 25.2% 1,629.3 32.3% 3,039.7 37.8% 4,640.2
+233.9% +87.8% +86.6% +52.7%
44.8 1.2% 41.3 .8% 68.8 .9% 101.3
+150.3% -7.8% +66.6% +47.2%
3,435.4 100.0% 5,044.6 100.0% 8,040.0 100.0% 10,954.3
+131.0% +46.8% +59.4% +36.2%

56.2%

42.4%

.S%

100.0%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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7,554.3
+22.7%

5,261.1
+13.4%

131.8
+30.2%

13,011.7
+18.8%
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58.1%

40.4%

1.0%

100.0%
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UNIT SHIPMENTS
SINGLE UNITS

SINGLE USER SYSTEMS

NETWORKS/MINI/MULT IUSER

MA INFRAMES

VERY HIGH PERFORMANCE

Total Worldwide Shipments

% U.S. Manufacturers

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.

TABLE 4
CONSOL IDATED WORLDWIDE SHIPMENTS
DISK DRIVE ARRAYS
PRODUCT GROUP REVIEW

UNIT SHIPMENT SUMMARY

------ 1993----- smeeesmereeeeeeeeeo----------Forecast
---Shipments---  ------ 1994----- ------ 1995-----  ------ 1996- - -
Units % Units % Units % Units
18,095 8.4% 26,125 7.5% 35,735 7.2% 46,060
+235.1% +44 . 4% +36.8% +28.9%
194,041 90.5% 318,290 91.5% 456,230 91.8% 609,525 92.
+118.0% +64.0% +43.3% +33.6%
2,025 .9% 3,035 .9% 4,250 .9% 5,875
+62.3% +49.9% +40.0% +38.2%

506 2% 796 1% 1,085 1% 1,455
+91.7% +57.3% +36.3% +34.1%
214,667 100.0% 348,246 100.0% 497,300 100.0% 662,915 100.

+123.8% +62.2% +42.8% +33.3%
95.6% 91.1% 91.2% 91.3%
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773,340
+26.9%

6,615
+12.6%

1,780
+22.3%

837,155
+26.3%

91.7%
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Array product mix

For the purposes of this report, shipment statistics are broken down by three
product types. Subsystems -- complete arrays, including disk drives, ready to
use. Boards -- array controllers, sometimes including enclosures, power sup-
plies and other array elements, but without disk drives. Software -- an individual
software product providing array functionality, not part of an operating system.

Complete subsystems provided 52.7% of 1993 worldwide array unit ship-
ments, and the share held by subsystems is expected to remain at about half of
total array shipments through 1997. Complete subsystems constitute all of the
mainframe array shipments and are expected to continue to provide more than
80% of array unit shipments for very high performance systems. Complete
subsystems continue to constitute about half of the total array shipments for net-
works/minicomputer/multiuser systems. Growth is expected in subsystem pene-
tration of single user computer markets, with their share increasing from 32.8% of
1993 array shipments for that product group to 58% in 1997.

Boards are an increasingly significant portion of the array industry. 1993’s
shipments of 58,204 boards is forecasted to grow to 288,955 boards in 1997,
increasing the share of total array shipments held by boards from last year’s
27.1% to 34.5% in 1997. Board shipments are increasing most rapidly in the
networks/minicomputer/multiuser product group, where the 25.7% share of
shipments held by boards in 1993 is forecasted to increase to 35.5% in 1997,
culminating with 274,725 boards expected to be shipped that year. The largest
factor driving board shipments in this product group is the broadening tendency
to assemble arrays with purchased controllers by a variety of system manufac-
turers, integrators and distributors. On the other hand, board shipments for
single user computer systems, once dominant in the product group due to early
adoption by sophisticated computer users, is declining.

Although software array products can supply array functionality without
requiring special hardware components, the overall software share of 1996
shipments is forecasted to drop from 20.2% of overall array shipments in 1993 to
11.4% in 1997. Shipments of software arrays are forecasted to decline in all
DISK/TREND product groups, but the greatest penetration is expected to remain
in single user system markets -- where the usage of processor capacity required

1994 DISK/TREND REPORT



for disk array functions frequently will not be noticed by most users, and where
the simpler mirrored disk arrays will continue to predominate.

DISK/TREND statistics do not count shipments by the individual RAID level of
each array, because so many of today’s arrays are capable of operating at
multiple levels at the choice of the user, or concurrently. However, it is clear that
a very high percentage of the arrays shipped to date are RAID-1 mirrored disk
versions. Most single users and many users of networks/minicomputer/multiuser
and mainframe systems have found RAID-1 to be an appropriate product selec-
tion during the last few years. RAID-1 subsystems and boards have been readily
available, have offered high reliability and have been cost-effective compared to
the perceived alternatives.

RAID-3 has been favored for very high performance arrays. It has been the
almost unanimous choice for supercomputers and other systems requiring the
highest possible data transfer rates, but has now been supplemented with RAID-
5 arrays with very high data rates. The earlier reliance on multiple individual disk
drives, disk drives with multiple head parallel transfer, and RAID-0 striping is
being replaced by high data rate versions of RAID-3 and RAID-5 arrays.

RAID-5 is expected to assume an ever-larger role in the networks/minicom-
puter/multiuser and mainframe array markets, as the availability of appropriate
subsystems becomes widespread and unit prices are reduced through product
simplification and competition. Mirrored disk arrays require 100% drive redun-
dance, while the disk drive redundancy for RAID-5 is in the 20% range, so if all
other elements are equal, RAID-5 has natural price advantages over RAID-1
when larger numbers of drives are required.

For the record, here are the total number of all types of array models includ-
ed in the product specifications section of this report, arranged by the highest
numerical RAID level claimed for each subsystem, board or software product:

RAID-0/1 combinations 131
RAID-2 -
RAID-0/1/3 combinations 55
RAID-4 4
RAID-0/1/3/4/5 combinations 367
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Figure 3
ARRAY TYPE SUMMARY

Worldwide Shipments in Thousands of Units
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UNIT SHIPMENTS

SINGLE UNITS

SUBSYSTEMS

BOARDS

SOFTWARE

CONSOL IDATED WORLDWIDE SHIPMENTS

---Shipments---
Units %

113,138 52.7%
+115.8%

58,204 27.1%
+280.3%

43,326 20.2%
+53.8%

Total Worldwide Shipments 214,667 100.0%

Notes:

+123.8%

TABLE 5

DISK DRIVE ARRAYS
SUMMARY BY ARRAY TYPE

164,721
+45.6%

114,165
+96.2%

69,360
+60.1%

348,246
+62.2%

32.8%

19.9%

100.0%

Forecast
------ 1995----- -n-=--1996-----
Units % Units %
244 055 49.1% 343,190 51.8%
+48 .2% +40.6%
166,520 33.5% 226,135 34.1%
+45.9% +35.8%
86,725 17.4% 93,590 14.1%
+25.0% +7.9%
497,300 100.0% 662,915 100.0%
+42.8% +33.3%

Percentage figures with plus/minus signs refer to year-to-year growth rates.
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452,510
+31.9%

288,955
+27 .8%

95,690
+2.2%

837,155
+26.3%
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Noncaptive market

Aggressive growth in total noncaptive array shipments and revenues is
expected to continue through 1997. Overall noncaptive array revenues jumped
to $1.4 billion in 1993, and projected average annual revenue increases of 43.7%
through 1997 will increase total noncaptive revenues to $5.6 billion. While captive
disk drive array shipments by many types of system manufacturers are already
well established, noncaptive sales are relatively undeveloped, with numerous new
array programs by independent manufacturers getting under way during the last
two years. Noncaptive unit shipments are forecasted to increase from 104,670 in
1993 to 569,650 arrays in 1997.

In the DISK/TREND statistics for noncaptive array sales revenues, the
PCM/Reseller channel has an insurmountable lead over OEM/Integrator sales,
with a major assist from the expanding mainframe array market. Although the
expected doubling of mainframe array unit shipments will produce a total of only
3,410 PCM/Reseller mainframe arrays in 1997, the very high average price per
unit will produce 44.6% of noncaptive revenues of all array product groups, a
total of $2.5 billion in 1997.

The other large contributor to PCM/Reseller leadership in noncaptive revenue
totals will continue to be complete array subsystems in the networks/minicomp-
uter/multiuser product group. Subsystems in that product group are forecasted
to generate $1.7 billion in PCM/Reseller revenue in 1997, representing 118,880
array subsystems. OEM/Integrator sales growth will be helped by high unit sales
of boards in the same product group, reaching 225,215 in 1997, but at much
lower average prices.

The networks/minicomputer/multiuser product group’s share of total noncap-
tive array revenues is forecasted to grow from 33.4% in 1993 to 51% in 1997, built
on a diverse group of subsystem, board and software products from scores of
manufacturers. By 1997, the networks/minicomputer/multiuser shipment total is
expected to top 90% of all array shipments, at 513,485 units. The largest 1997
noncaptive product segment will be boards -- enabling a large number of system
manufacturers, integrators and distributors to assemble their own arrays for
various resale markets.
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WORLDWIDE REVENUES
ALL MANUFACTURERS

SINGLE USER SYSTEMS

NETWORKS/MINI/MULT |USER

MA INFRAMES

VERY HIGH PERFORMANCE

Total Worldwide Revenues

TABLE 6
NONCAPTIVE WORLDWIDE REVENUES
DISK DRIVE ARRAYS
PRODUCT GROUP REVIEW

REVENUE SUMMARY

------ 1998- - - o n e
----Revenues---  ------ 1994-----  ------ 1895-----
$M % $M % $M %

16.7 1.2% 271 1.1% 36.2 1.1%
+496.4% +62.3% +33.6%
449 .4 33.4% 837.6 35.4% 1,411.7 43.4%
+49.3% +86.4% +68.5%
867.4 64.3% 1,486.7 62.6% 1,769.1 54.3%
+233.9% +71.4% +19.0%
15.8 1.1% 24.5 .9% 42.3 1.2%
+37.4% +55.1% +72.7%
1,349.3 100.0% 2,375.9 100.0% 3,259.3 100.0%

+134.6% +76.1% +37.2%

46.0
+27 .1%

2,066.2
+46.4%

2,189.6
+23.8%

70.1
+65.7%

4,371.9
+34.1%

47.3%

50.1%

100.0%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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53.7
+16.7%

2,842.3
+37 .6%

2,575.5
+17.6%

g7.0
+38.4%

5,568.5
+27 .4%
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UNIT SHIPMENTS
SINGLE UNITS

SINGLE USER SYSTEMS

NETWORKS/MINI/MULT IUSER

MAINFRAMES

VERY HIGH PERFORMANCE

Total Worlidwide Shipments

% U.S. Manufacturers

NONCAPTIVE WORLDWIDE SHIPMENTS

---Shipments---
Units %

18,095 17.3%
+235.1%

84,239 80.6%

+229.2%
2,025 1.9%

+62.3%
311 2%

+45.3%

104,670 100.0%
+222.6%

93.0%

TABLE 7

DISK DRIVE ARRAYS
PRODUCT GROUP REVIEW

UNIT SHIPMENT SUMMARY

26,125
+44 .4%

182,080
+116.1%

2,885
+42.5%

540
+73.6%

211,630
+102.2%

86.7%

12.3%

86.2%

1.3%

2%

100.0%

33,935
+29.9%

282,630
+55.2%

2,990
+3.6%

805
+49.1%

320,360
+51.4%

87.5%

10.6%

88.3%

.9%

.2%

100.0%

42,560
+25.4%

391,485
+38.5%

3,290
+10.0%

1,125
+39.8%

438,460
+36.9%

87.9%

SUM-19

89.3%

.8%

2%

100.0%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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513,485
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3,635
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1,410
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Figure 5

1993 ESTIMATED MARKET SHARES

Worldwide Percentage Revenues for all Disk Arrays
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TABLE 8
1993 ESTIMATED MARKET SHARES

WORLDWIDE REVENUES OF ALL DISK DRIVE ARRAYS
(Value of non-U.S. currencies estimated at average 1993 rates)

CAPTIVE PCM/RESELLER OEM/ I NTEGRATOR INES%#EY
T % W A TR s W %
U.S. MANUFACTURERS T R N
--A+é+ ------------ 40.6 1.9 -- -- 9.7 5.3 50.3 1.5
Auspex Systems -- -- 77.2 6.6 4.0 2.2 81.2 2.4
Compaq Computer 184.8 8.9 -- -- -- -- 184.8 5.4
Data General 66.9 3.2 -- -- 6.7 3.6 73.6 2.1
Digital Equipment Corp. 246.3 11.8 -- -- -- -- 246.3 7.1
EMC -- -- 652.2 56.0 91.4 49.7 743.6 21.6
Hewlett-Packard 145.0 7.0 156.2 1.3 - - 160.2 4.6
1BM 1,078.6 51.7 -- - -- -- 1,078.6 31.4
IPL -- -- 32.8 2.8 -- -- 32.8 1.0
My lex -- -- 1.4 1 18.6 10.1 20.0 6
Netframe -- -- 16.1 1.4 10.6 5.8 26.7 .8
Stratus Computer 82.8 4.0 -- -- -- -- 82.8 2.4
Tandem Computers 147.6 7.1 -- -- -- -- 147.6 4.3
Other U.S. 57.9 2.8 142.2 12.2 24.2 13.2 224.3 6.5
U.8. Total 20505 983 71 8.4 1652 898 3,152.8  91.7
NON-U.S. MANUFACTURERS
--é;;;é&; ------------- 2.0 A 221.5 19.0 1.8 1.0 225.3 6.6
NEC 30.0 1.4 -- -- -- -- 30.0 .9
Other Non-U.S. 3.6 .2 6.7 .6 17.0 9.2 27.3
Non-U.§. Total s 1.7 22 196 18.8 102 2826 8.3
WORLDWIDE TOTAL 2,086.1 100.0 1,165.3 100.0 184.0 100.0 3,435.4 100.0

Note: 1. Drives sold in the PCM/Reseller market by other than the original manufacturer are valued at
PCM/Resel ler prices above, to avoid distortion of total market value

2. The DISK/TREND estimates of revenue for each disk drive manufacturer include net sales of
disk drives only and do not represent total revenues for individual companies
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TABLE ¢

CURRENT PRODUCT LINES
MANUFACTURERS OF DISK DRIVE ARRAYS

Codes: C = Captive SB = Subsystems
0 = OEM/Integrator BD = Boards
P = PCM/Resel ler SW = Software
D1SK/TREND PRODUCT GROUP
Networks/
Single Minicomputer/ Very High
User Multiuser Mainframe Performance
U.S. Manufacturers (131) Type Arrays Arrays Arrays Arrays

1776, Inc. 0,P SwW
ADIC P SB
ADS International P BD
Al lodyne 0.P SB
American Digital Systems P SB
American Megatrends 0.P BD
ANDATACO 0,P SB
ASA Computers P SB
AST Research c.P SB
AT&T Global Information Sol. C,0,P BD,SB,SW
ATTO Technology 0.P BD,SW
Auspex Systems Cc.,0 SB
Aviv P SB
Box Hill C.P SB
Buslogic 0,P ' BD,SW
Cambex p SB
Canary Communications 4] BD
Ciprico 0.P SB SB
CLone Star Software P SW
Clovis Manufacturing P SB
CMD _Technology 0 BD BD
CMS_Enhancements P SB
Compag Computer c SB
CompuAdd Computer P SB
Concurrent Computer c SB
Conley 0.P SB,SW
Conner Storage Systems P SB
Consensys 0.P BD,SW
Control Data Systems c BD SB
Convex Computer c SB
Core International 0.P SB
Corel 0.P SW
Cray Research [ SB
Data General Cc.,0 SB
Data Storage Marketing P SB
Datalink P SB
Dataram P SB
Dell Computer c SB
Digi-Data 0 BD
Digital Equipment Corporation C,0 SB,SW
Direct Connect Systems P SB
Distributed Processing Tech. 0.P BD
Diverse lLogistics P BD
DynaTek Automation Systems P SB
ECCS 0.P SB
EMC P SB SB
Encore Computer C SB
Exsys Storage Systems P SB
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Networks/
Single Minicomputer/ Very High
User Multiuser Mainframe Performance
U.S. Manufacturers (CONTINUED) Type Arrays Arrays Arrays Arrays
Falcon Systems P SB
Formation 0,P SB
FWB P SB SB,SW
Gain Systems 0,P SB
General Microsystems P SB
GigaTrend P SB
Hammerman Associates P SB
Hewlett-Packard c.P SB
High Performance Storage 0.,P SB
1 BM c.0,P SB,sW SB
Information Management Tech. P SB
Integra Technologies 0 SW
Invincible Technologies P SB
1PL P SB
Jaba System P SB
Laura Technologies 0.P BD
Legacy Storage Systems 0.P SB
Lomas Data Products 0,P BD
Macro Computer Products P SB
Marner International 0,P SB
MasPar Computer c SB
Maximum Strategy 0.P SB
Media Integration P SB
Megabyte Memory & Peripherals P SB
Mega Drive Systems 0.P SB SB
MicroAccess P SB
Micronet Technology 0,P SB
Micropolis P SB
Microtech International P SB
Micro Technoicgy P SB
Morton Management P SB
Mylex 0,P BD,SB
National Peripherals P SB
NetFRAME 0.P SB
Network Appliance P BD,SB
Network Connection P SB
Nonstop Networks P SW
PACE Technologies 0,P SB
Pacific Micro Data 0 SB
Parity Systems P SB
Peak Technologies P SB
Perceptive Solutions 0,P BD,SW
Peripheral Land, Inc. P BD,SB
Precision Computers 0.P SB
Procom Technology 0.P BD,SB SB
Pro Engineering 0.P SW
R Squared P SB
RAAC Technologies P SB
RAID Power P SB
Raidtec 0.P SB BD
Ranger Technologies P SB
See First Technology P SB
Seek Systems P BD,SB
Sequent Computer Systems P SB
Sequoia Systems c.0 SB
Seraph P SB SB
Silicon Valley Computer P BD
Storage Computer 0.P SB
Storage Concepts 0.P SB SB
Storage Dimensions 0,P SB
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Networks/

Single Minicomputer/ Very High
User Multiuser Mainframe Performance
U.S. Manufacturers (CONTINUED) Type Arrays Arrays Arrays Arrays
Storage Solutions 0.P SB
Storage Technology P SB SB
Stratus Computer c SB
Sun Microsystems C.P SB,SW
Tandem Computers C SB
Tangent Computer c.P SB
TD Systems 0.P BD
Texas Microsystems P SB
Thinking Machines C SB
Total Tec Systems P SB
Transoft 0,P SB
Tricord Systems c BD
Trillium Research P SW SW
UltraStor 0 BD
Unbound 0 BD,SB
Unison Information Systems P SB
Unisys [ SB SB
Unitrol Data Protection Sys. 0.P SW SwW
Vanguard Technologies P SB
Veritas Software 0,P SW
Winchester Systems P BD,SB
Wyse Technology P SB
ZZYXZ Workstations & Periph. P SB
Asia/Pacific Rim Manufacturers (10)
Acer P SB
Aresys 0.P BD BD
ATEN international 0,P BD
DTC Technology 0 BD
Fujitsu c.P SB SB
Hitachi c.0.P SB
Hitachi Data Systems P SB SB
Infortrend 0 BD
NEC c BD,SB
Sanyo lcon P SB
European Manufacturers (13)
Arco Electronics P BD
ATON Systemes 0.P BD BD,SB
Baydel Ltd. 0.P SB
Disk Pack P SB
Eurologic Systems P SB
Future Computers P SB
Hi-Data 0 BD,SB
ICL P SB
Lion Cabinets 0.P BD
Solid Computer 0.P SB,SW
TwinCom 0.P SW
Vortex Computersysteme 0.P BD
Zenith Data Systems c SW
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DISK/TREND ARRAY DEFINITIONS

Many basic terms have varying meanings within the computer industry. In
the DISK/TREND Report on disk drive arrays, these specific meanings are used:

Product group classification

Arrays are classified into four product groups according to the type of
system attachment for which they are designed. They include:

Single user systems: Intended for use with single personal computers or
workstations. Attached processors typically run under DOS, Windows, Macin-
tosh System 7, UNIX, etc.

Networks/Multiuser/Minicomputers: Consists of all midrange systems, to
which individual personal computers, workstations or terminals are typically
attached. Host platforms include the IBM AS/400, Digital Equipment and other
minicomputers, engineering workstation networks and personal computer net-
works. Software environments include UNIX and its variants as well as other
minicomputer operating systems and include network software such as Novell
NetWare, Banyan VINES, and Artisoft Lantastic.

Mainframe systems: Classic mainframe and supermini system environments.

Very high performance systems: Supercomputers, specialized imaging
systems and other systems with requirements for very high data transfer rates.

Product type classification

Within each product group, arrays are classified into three product types for
purposes of the DISK/TREND Report. Only products specifically and primarily
intended to permit disk drives to operate as an array, in accordance with the
Berkeley RAID-1/2/3/4/5 definitions, are included in this classification.

Complete subsystem: Arrays consisting of controller or array software, drives

and supporting elements such as fans, power supplies, enclosure, etc., ready for
installation.

Board: A board or subsystem providing array capability to a system, but not
including disk drives. This category includes products that are boards only, as
well as boards mounted in an enclosure, with power supplies, fans and other
array elements, but without drives.

Software: A specific software product that provides array functionality without
requiring a separate controller. Operating systems that include array functions,
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such as Novell NetWare SFT Il or Microsoft Windows NT Advanced Server, are
not included in this category or counted in the statistics. Sales of software arrays
obtained via a technology license with production rights from the licensor are
credited to the licensee and not the licensor to avoid distortion of revenue fig-
ures.

Market classification

Market class is used here, arbitrarily, to differentiate captive, PCM/Reseller
and OEM/Integrator marketing activities.

Captive: Arrays manufactured internally or by a subsidiary of a computer
manufacturer, and sold or leased primarily for use with systems offered by the
manufacturer. Note that the term is used to describe the products, not the
manufacturer; arrays sold to PCM/Reseller or OEM/Integrator market classes are
classified accordingly.

Example:

* Arrays sold by Digital Equipment, IBM or Compaq for use with their own
systems are considered captive, if internally manufactured.

Noncaptive: Any public sale or lease by any array manufacturer, except sales or
leases of internally manufactured arrays by computer system manufacturers
primarily for use with their own systems. Both OEM/Integrator and PCM/Reseller
shipments are included in the noncaptive sales channel.

Examples:

* Shipments by AT&T are noncaptive, except for arrays sold with systems
made by the parent company or other subsidiaries.

* Shipments made by Micropolis or Storage Dimensions are noncaptive.

PCM/Reseller: Arrays sold or leased by "plug compatible manufacturers"
or their distributing organizations directly to end users for use with systems sold
by another manufacturer. Also includes arrays sold in the "aftermarket" -- ship-
ments by array manufacturers to subsystem producers, distributors, retail chains,
mail order firms and individual dealers. It includes disk drive arrays to be con-
nected to computer systems of all types, including personal computers, mini-
computers and mainframes, or arrays sold as add-on devices by distributors and
dealers.

Examples:
* Arrays sold by Core International or Micropolis through distributors.

* Arrays sold by EMC to end users of IBM equipment.
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OEM/Integrator: Arrays sold by the original producer to system manufacturers
which resell them as part of complete computer systems. Also includes sales to
system integrators or value-added resellers which combine finished system
components and software to provide complete systems for specific applications.
Sales by an array manufacturer to a second manufacturer for resale are includ-
ed only in shipment totals for the originating manufacturer, except when arrays
are produced on a contract manufacturing basis with a design supplied by the
manufacturer which finally sells the drive to a third party.

Examples:
* Arrays produced by Maximum Strategy for sale to system manufacturers.
* Software produced by Integra for sale to system manufacturers.

* Array controllers produced by Mylex for sale to system or subsystem
manufacturers.

Geographic classification

Geographic analysis is based upon U.S. and non-U.S. regions. Together,
these two regions comprise the worldwide market.

U.S. vs. Worldwide SHIPMENTS: Shipments are classified U.S. or worldwide
depending on the country in which the headquarters of the purchasing company
is located.

Examples:

* An OEM shipment by a U.S. array manufacturer to a European system
manufacturer is included in worldwide totals, even if the array is integrated
into a system within the U.S.

* An OEM shipment by a European array manufacturer to a U.S. based
system manufacturer is included in U.S. totals, even if the array is integrat-
ed into a system in a third country, regardless of the final destination of
systems in which the arrays are used.

U.S. vs. Non-U.S. MANUFACTURERS: Manufacturers are classified U.S. or
non-U.S., depending on the location of the firm’s headquarters, regardless of the
location of individual manufacturing plants.

Units of measurement

Array units: The basic array unit consists of the electronics (or software pack-
age) required to operate multiple disk drives as an array, regardless of whether it
is sold originally as a board level array, software package or complete subsys-
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tem. All DISK/TREND array unit shipments are credited to the company that
makes the first public sale of the basic array unit.

Examples:

* When CMD sells a controller to a system integrator which combines the
CMD controller with Seagate disk drives and an enclosure with fans and
power supplies to produce a complete array subsystem, CMD is credited
with the sale of an array board.

* When Compaq Computer sells a system which includes an internally built
array controller, with disk drives, Compagq is credited with sale of a com-
plete subsystem.

* When BusLogic sells a copy of its Paragon array software, it is credited
with the sale of a software array unit.

Revenue: Based on sales of array units, including bundled drives (if any), as
normally sold by individual manufacturers. Add-on drives sold as separate units
are not included in array revenue, nor are replacement parts or service. Sale
prices are estimated public sale transaction prices, whether at captive end user,
PCM/Reseller or OEM/Integrator levels, and are credited to the company that
makes the first public sale of the basic array unit. All prices are in 1994 constant
dollars.

Forecasts: Expected shipments and revenues for current or announced
products in new production. Evolutionary improvements within existing disk
array architectures are included, but completely new configurations or technolo-
gies are not included.

Examples:

* Enhancements such as write latency improvements and revised compres-
sion schemes are anticipated in DISK/TREND forecasts.

* Innovations such as arrays for portable systems may require establish-
ment of new DISK/TREND product groups.
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ARRAY SYSTEM CONSIDERATIONS

Disk drive arrays come in a variety of configurations and implementations
ranging from inexpensive and simple to costly and complex. This section of the
report reviews array characteristics and issues pertaining to their use.

ARRAY CHARACTERISTICS AND CLASSIFICATION

What is an array? A disk drive array is an assembly of disk drives and hardware
controllers operated by array management software. The array presents itself to
its host system environment as if it were a single physical disk drive. The storage
devices that are members of the array can be any type of random access, non-
volatile storage device with unlimited read/write capabilities, including rigid
magnetic disk drives, rewritable optical disk drives and nonvolatile solid state
disk drive equivalents.

Array management software can be program code to be executed within the
host system environment, or it can be implemented as firmware within the array
controller, or as a hybrid combination of the two.

Implementations: For purposes of this report, arrays are considered to be
implemented in one of three ways, which represent the forms in which arrays are
sold:

* Complete subsystems: Array subsystems include disk drives, controllers
with software to operate the array, enclosures, power supplies, fans,
cables and possibly other physical elements. The array controller con-
tains the programs necessary to operate the array and appears to the
host system as a single drive. The host system is relieved of the need to
manage the details of operating the array. Some controllers allow parti-
tioning of the array drives into several types of array (each appearing to
the host system as a single drive), all of which can operate concurrently
with data routed by the host computer to the array type best able to
handle it. Subsystem manufacturers usually include software tools to
configure, manage and monitor the array subsystem, frequently for a
specific host system and software environment.

* Boards: This category includes array controllers sold individually or with
other subsystem elements such as enclosures, fans, power supplies and
cabling, but not including disk drives.

* Software: If the array is implemented purely by use of software and
without hardware specifically designed to operate an array, thenitis a
software implementation. Hybrid arrays combining software and hard-
ware functions exist, but are considered as hardware implementations in
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this report. Software implementations are relatively inexpensive and usual-
ly easy to integrate, but may be slower than hardware implementations
and may not provide all the functions a hardware array implementation
can provide. Exact performance will depend on processor load, the
controllers, disk drives and drivers used with the disk drives, as well as
processor performance. Array specific drivers are often provided with
software arrays to improve performance. Software array implementations
are often specific to the host system and may not be effective at all sites in
multihost network environments.

When to use an array -- and when not: Disk drive arrays may provide several
kinds of advantages over individual disk drives. Certain array configurations can
improve system throughput, and the use of an array can spread data over multi-
ple drives, avoiding unbalanced |/O loads and consequent bottlenecks. Other
array configurations can improve data availability by providing a degree of fault
tolerance, although the degree of improvement in either case depends upon the
specific design of the array subsystem.

Disk drive arrays can provide performance enhancements or fault tolerance
enhancements, but these advantages tend to be mutually exclusive, in that opti-
mizing for one usually penalizes the other. There is always an economic penalty
compared to nonarray implementations of data storage. If the needs of the
system user can be met without improved throughput or improved fault toler-
ance, there is no need for the additional expenses associated with an array. In
short, choosing an array is a balancing act between cost, performance, and data
availability.

Arrays should not be viewed as a way of avoiding the need for disk drive back-
up. While data can be protected against a failure of a drive or other subsystem
element, no protection is provided against operator error, disasters, viruses or
other external disruptive influences. Furthermore, while arrays may provide for
redundancy at the disk drive level, failures elsewhere in a nonredundant system
can make the data stored on the array unavailable. Only by duplicating each
element of a system, including processors, controllers, cables, ports, fans, power
supplies, etc. can the highest probability of data availability be achieved. The
need for fault tolerance must be analyzed for each processing node in a network
to select the most cost-effective approach.

Choosing the right array for the application: Although some types of disk
drive arrays have been used for a number of years, they received prominence
after publication of a classification scheme in a technical report by researchers at
the University of California in Berkeley in December, 1987 (Technical Report
UCB/CSD 87/391). The authors discussed a set of array configurations which
they characterized as Redundant Arrays of Inexpensive Disks, RAID by acronym,
as compared to a Single Large Expensive Disk (SLED). Five configurations, or
RAID levels, ranging from RAID-1 to RAID-5 were defined (an additional level,
RAID-6, was proposed later). While not defined by UC, RAID-0 has been general-
ly adopted as referring to a striped set of disks with no redundancy.
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Because the prices of disk drives have declined radically since the RAID acronym
was coined, the use of arrays as a means to reduce storage costs is no longer
relevant, so the RAID acronym is currently interpreted by many as Redundant
Arrays of Independent Disks.

The RAID configurations describe ways of organizing data on the disk drives and
organizing the flow of data to and from the drives, but do not cover the details of
interfaces or of controller or software operation. The RAID levels merely describe
configurations: A higher RAID level does not imply anything regarding relative
performance, complexity, cost or reliability, which are functions of specific con-
figurations. Because of broad industry usage, RAID nomenclature is used
throughout this report.

The various configurations and their uses are reviewed briefly below:

* RAID-0: RAID-0 disk configurations have data striped across the drives
that are included in the set. Because each drive is accessed independent-
ly, portions of data from an I/O operation can be read or written to each
drive simultaneously, minimizing data transfer time. While fast, RAID-0
provides no redundancy in data storage, so if one drive in the set fails, all
data becomes unavailable. If the failed drive cannot be repaired, all of the
data is irretrievably lost. RAID-0 is best where high performance is desired
and fault tolerance is not a consideration. It also offers the lowest cost per
megabyte. Some manufacturers have referred to collections of disks
without striping as RAID-0, but this runs counter to industry usage, which
would refer to nonstriped, nonredundant groups of drives as JBOD (just a
bunch of disks).

* RAID-1 (Mirrored disk drives): In this mode, data is written or read in
identical form to two or more drives. This provides fast read performance,
because the first drive to respond to an I/O request can provide the data
requested, reducing latency. Write performance may be somewhat slow-
er, since both drives have to complete the write operation. The strongest
objection to RAID-1 is economic: The cost of the drives at least doubles
for any given storage capacity. However, management is relatively simple
and controllers or software need not be overly complex, which facilitates
integration into a system. RAID-1 is useful where high performance is
needed, high data availability is required, and data block sizes are not
overly long, but doubles the cost per megabyte since twice as many
drives are needed.

* RAID-2: This configuration is rarely used and was included in the Berkeley
work primarily to cover a few systems that had been shipped earlier. In
RAID-2, bytes are broken into smaller units which are then transmitted in
parallel to a set of disk drives. In addition, parity data, computed using
Hamming codes, is sent to additional drives used specifically to store
parity data. The redundancy of data provides good data availability.
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Read performance is good because data is transferred in parallel. Write
performance is degraded because of the need to compute parity and then
write it to the parity disks. Relative to other array types, RAID-2 is uneco-
nomical because it requires a larger number of drives, and RAID-2 con-
trollers tend to be complex and expensive. RAID-2 performance can be
achieved by RAID-3 at lower cost.

RAID-3: Data is sent to and from the disk drives in parallel, one I/O re-
quest at a time. Parity data is stored on a single extra drive provided for
this purpose. The disk spindles may be synchronized to transfer data to
all drives simultaneously. Because of the high degree of parallelism, data
transfers are very fast, although concurrent I/O is not possible. [f a single
drive fails, data is still available by using the data on the working drives
plus the parity drive to reconstruct the data, although the effective data
rate will be degraded as a result. RAID-3 is typically used on supercom-
puters, image manipulation processors and other applications where very
high data transfer rates are needed. It is most efficient for long block
transfers and is inefficient for short transactions with high 1/O request
rates. For a given capacity, fewer drives are needed than for RAID-1, as
only a single drive for redundancy must be added to the data drives.
However, the controller may be more complex and expensive. RAID-3 is
best for situations requiring very fast data transfer rates and/or long data
blocks.

RAID-4: In RAID-4, data is striped across the array drives while parity data
is accumulated on a separate drive. Data is recoverable if a drive fails.
Read performance is similar to RAID-1, but writes are considerably slower
than on a single disk because of the need to funnel the parity information
through a single drive. RAID-4 has been supplanted by RAID-5, which
offers the same read performance but much better write performance.

* RAID-5: Data in a RAID-5 array is striped across the drives in the array,

but parity data is also distributed among all of the drives, eliminating some
of the write bottleneck. Writes are still slow because of the need to read
data from all drives to recompute parity when writing (sometimes called
the read-modify-write process). Concurrent I/O transactions can be
processed. Data can be recovered in the event of a single drive failure.
RAID-5 is efficient for long data records, but is also reasonably efficient for
short ones if the array design includes features to improve write perform-
ance, or if the application requires a high proportion of reads. It is a good
choice for achieving high data availability, with acceptable performance
provided that the data block size is small. RAID-5 carries only a modest
cost per megabyte penalty compared to a nonarray approach.

* RAID-6: Similar to RAID-5, but with additional parity information written

that permits data recovery if two drives fail. This configuration requires
extra parity drives, and write performance is theoretically slower than for
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an equivalent implementation of RAID-5. It was proposed by UC Berkeley
in late 1989. RAID-6 is also used by some manufacturers to designate a
layered array with RAID-1 and RAID-0 capabilities, but this does not con-
form to the Berkeley definition.

* Non-Berkeley RAID levels: In addition to the RAID levels defined above,
there are a variety of nomenclatures used by specific manufacturers.
There is no agreement on the meanings of these; most are meant to
imply the ability to operate in more than one mode simultaneously or to
imply that a specific design incorporates features of more than one RAID
configuration. Others, such as RAID-7, imply attempts to improve RAID-5
performance through vendor specific design features. Terms such as
RAID-10, RAID-1/0 or RAID-1+40 have become commonly used to mean a
layered array operating simultaneously in both modes, offering the advan-
tages of striping and mirroring.

In meetings of the RAID Advisory Board, an industry group attempting to create
agreement on array nomenclature, test procedures, interface specifications and
similar matters, a proposal has been made to classify arrays by their access
method rather than by RAID level. While it is unclear that this proposal will be
adopted as standard nomenclature, it does provide an alternative way of classify-
ing arrays.

* Parallel access arrays: All of the member disk drives in a parallel access
array operate on every I/O transaction handled by the array. RAID-2 and
RAID-3 arrays are examples of parallel access arrays. A few RAID-1
arrays fall into this class.

* Independent access arrays: In this category, the disk drives act inde-
pendently, and may have the ability to be operating upon multiple /O
requests concurrently. RAID-4, RAID-5 and RAID-6 and most RAID-1
implementations fall into this category.

The RAID Advisory Board has not defined RAID-0 as parallel access or inde-
pendent access since it does not consider RAID-0 an array, as it does not pro-
vide any data redundancy

Non-RAID approaches: Performance and fault tolerance issues can be ad-
dressed without using an array. System designers may choose to employ very
fast disk drives, employ controllers with extensive caching and buffering, or use
drives with parallel transfer heads to meet speed requirements, or may distribute
data files (nonstriped) over many drives. Fault tolerance can be addressed by
mirroring (duplexing) whole disk drive subsystems (which in themselves may not
be arrays) or by mirroring entire file servers, as does Novell in its SFT Il fault
tolerant networks.

1994 DISK/TREND REPORT

S§YS-6



SYS-7

SYSTEM SELECTION AND INTEGRATION CHECK LIST

The following discussion touches upon significant issues that system integra-
tors and end users should take into account when choosing an array.

Host platform and operating system compatibility: Arrays must operate in
the context of attachment to specific hardware platforms and software environ-
ments. The possession of a SCSI interface does not automatically guarantee
proper operation with every system that has a SCSI port. Usually specific drivers
and other software "glue" are necessary. The various release levels and variants
of UNIX and other operating systems may have varying ability to correctly oper-
ate a given array product. Other concerns:

*

Does the system have sufficient memory available to operate the array?
Will operating the array slow down other host activities? These are major
considerations for software implementations, but less so for hardware
implementations.

Are the software and documentation distribution media used to ship array
software and documentation supported on the target system? What
other devices need to be connected, and can the array controller support
those devices?

For software arrays, can the array device driver provided be coresident
with the device drivers provided with the system? Are special disk parti-
tions needed?

Do the cables match? If SCSlis used, does the system SCSI port match
the performance characteristics of the array SCSI port? Are the SCSI
paths the same width? Single ended or differential? If a board must be
plugged into the host system, is there sufficient room, power, cooling
available? Are special SCSI terminations needed, or are the drives self-
terminated? Do the terminations match the width of the path? Do you
need shielded cables to solve EMI problems?

Can the array use existing drives, if any? Can it support drives of different
capacities? Can it support drives from different drive manufacturers or a
preferred manufacturer? Does the array packaging limit the total capacity
needed? Does drive interface performance match the array controller
performance?

Can the array controller support drives as logical units? Are resources
adequately shared between logical units (no starvation if one drive or
partition is hyperactive)? Can you boot from the array? Can the array
create logical devices on the fly? Which SCSI level is supported? Can the
array handle redundant drive controllers and dual ported drives?
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* Does the array controller block low level access to the drives? Does the
host system need such access and does it know how to use it?

RAID-1 or RAID-0 arrays are the simplest to integrate. Other RAID levels are
more complex. Ideally, the array should look exactly like a single disk to the host
environment and operate transparently with respect to file systems, applications,
data base managers and system utilities once the array is configured.

Types of data used: The form of the data stored may influence the choice of
array. Long blocks of data such as images or satellite dumps may best be
handled by RAID-3. Short blocks typical of on-line transaction processing may
best be handled by RAID-5, especially if the data availability requirements are
stringent. If a mixture of performance, availability and ability to handle a variety of
data is needed, RAID-1 may be most suitable. If the system handles multiple
data types, arrays capable of partitioning the disks into multiple array types
should be considered. The array should be capable of handling data block sizes
efficiently handled by the host and by the drives.

Data availability: If data availability is an issue, then RAID-0 is inappropriate,
since it provides performance but no fault tolerance. RAID-6, though not general-
ly available, theoretically provides superior availability, but at extra cost. Ultimate-
ly, data availability may be influenced more by the overall redundancy in the
storage subsystem architecture than by the RAID level chosen. If an extremely
high level of data availability is mandatory, then dual ported disk drives, redun-
dant controllers, even redundant processors and power feeds, will be required.
Any element whose failure can make the system non-fault tolerant should be hot
plugable. If write cache is used anywhere in the system, then backup power
sufficient to keep the system operating until the contents of the write cache are
written to disk is needed.

Data availability may be impacted due to performance degradation while data on
a failed drive is being recreated. Performance drops of 50% during reconstruc-
tion are not unusual, and reconstruction can require time periods ranging from a
few minutes to hours depending upon the drive capacity, array loading and other
factors. While the data is accessible, it may not be available within the time
window needed for satisfactory performance.

Performance: The question of performance revolves around the conditions
under which it is measured. It is affected by the mix of reads vs. writes, the mix
of sequential vs. random reads and writes, the length of the data blocks and
many other factors. Controller and system design features strongly influence
performance, especially the presence and configuration of cache. At present,
there is no generally accepted way of measuring or specifying performance,
requiring array users to exercise caution in interpreting performance specifica-
tions. Performance may be optimized by partitioning the array drives into multi-
ple arrays. For instance, an array could be partitioned into a RAID-1 segment and
a RAID-5 segment, using the RAID-1 portion for write-intensive 1/O mixes and the
RAID-5 segment for read-intensive I/O mixes. Some considerations:
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* Would a layered array provide better cost/performance benefits than a
nonlayered approach?

* Would you benefit from a look-ahead read cache in the array controller?
Where is your write cache, if any? Is its size and configuration (write-
through, write-back) appropriate to the application?

* Is the RAID level appropriate to the data block sizes, I/O transaction rates
and other system factors?

* Does your array support queued commands? Does it need to?

Storage management: An array may be provided with the ability to support
other devices, such as tape, robotic libraries, and optical drives that may be used
for backup or save/restore operations. While disk drive arrays may provide a
high level of insurance against hardware failures, they do not insure against the
effects of operator error, fires or natural disasters. Only a rigorously managed
backup program can protect data from such events. Some arrays provide for
the addition of backup devices operated directly from the array controller and
may be convenient where hierarchical storage management is implemented.

The ability to operate the array in several RAID modes simultaneously may be
helpful in managing the flow of data. If different array types can be created using
different logical partitions, not only can the data be assigned to the RAID mode
most efficient in handling it, but backups can be done selectively on partitions as
appropriate.

Economics: The economic considerations relevant to arrays are not limited to
acquisition costs. For the system integrator there are costs of integration and
testing. All array users should recognize that there will be costs of training, spare
parts inventories, preventive maintenance and other indirect costs. Also to be
considered are the availability and cost of upgrades and expansions for the
array. An initially inexpensive array may not be a bargain if it can’t be expanded
to meet future needs or if it won’t work with new software releases. Other con-
siderations:

* |If a high degree of fault tolerance is not initially needed, can it be econom-
ically added in the future?

* Wil an array capable of operating at multiple RAID levels concurrently be a
better cost-performance choice than an array which does not have such a
capability? How easy is it to migrate data from one RAID level to another?

The most important cost of all may be the cost to the organization if the stored
data is not available for the time required to bring the failed system back into
service. For some customers, badly degraded availability is almost as costly as
complete unavailability, so the array’s performance when a component fails may
be a critical issue, even though the array continues to operate. Furthermore,
once an array element fails, there is no remaining fault tolerance in most array
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configurations and the system will crash and may lose data if further failures
occur while the original failure remains unrepaired. Many array users keep criti-
cal spare parts on site to minimize the window of vulnerability.

Manufacturer support, warranty and maintenance policies and costs vary widely.
Array users need to realistically evaluate their internal abilities to support the
array with the assistance realistically expected to be available from the manufac-
turer.

Maintenance: Maintainability issues include the costs and availability of service,
the ability of the array to be serviced by an end user in case of a component
failure, the ability of the array to identify a failed drive and start up an on-line
spare (if available), and the ability to replace drives and other elements of the
array subassembly without disrupting operations (hot plugging or hot swapping).
Some arrays will automatically recognize a failed drive and rebuild missing data
on a spare drive. Others require the operator to physically replace a defective
drive and manually initiate the data rebuild. Most arrays will continue to operate
while a drive is replaced, and some allow replacement of a power supply, fan or
other element without taking the array out of service. If battery backup or a UPS
is used, the batteries may need to be changed periodically.

Some arrays make it easy to locate a failed drive, fan or power supply with indi-
cator lights marking the defective element. Since removing the wrong drive when
making an array repair will make data unavailable to users, the array design
should provide protections against this kind of inadvertent error. Good fault
detection systems help to insure the correct replacement parts are used.

It is often necessary to suppress I/O operations to an array member (and some-
times the array) while hot swapping is being done. The array manufacturer
usually supplies utilities to do this if a host bus pause operation is required.

Another useful maintenance feature is the ability to run diagnostics in a non-
intrusive manner while the system is in normal operation. This can develop
useful information for service personnel and may help prevent repeated service
calls.

Monitoring and control: Depending upon their design, arrays can be config-
ured by commands from a dedicated control panel, by data from the host sent
through the primary data bus, or by data from a remote processor via a separate
RS-232 port. Some arrays are factory preset and offer the user little ability to
change configuration.

Most arrays are provided with utility software that can be used to configure the
array from the host or a remote processor. Some software is easy to use and
includes safeguards against the user making disastrous choices. Some require
considerable skill and knowledge to use.

Another desirable feature is the ability to monitor and control the array remotely
over a network. Some arrays provide performance monitoring information on
request, allowing network supervisors to detect impending drive failures, over-
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heating conditions and other matters requiring remedial action before a failure
actually occurs.

Some other considerations:

* What kind of messages or alert signal are generated when an array
component fails? Messages to the server? Messages to a master con-
sole? Audible alarms? Can alarms be cut off once acknowledged?

* Can the system automatically dial a remote system and notify it of a fail-
ure?

Facilities requirements: Some highly fault tolerant arrays require dual AC
power feeds from separate circuits. They may also require external uninterrupt-
able power supplies (UPS) to sustain operation in case of power failure. Other
requirements may exist for low noise creation by the array system, necessitating
the use of quiet fans and disk drives. Variable speed fans are increasingly being
used to minimize blower noise generation as well as to provide for continuation
of adequate cooling in case of a fan failure.
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TECHNICAL REVIEW

Disk drive arrays come in a variety of configurations and implementations
ranging from inexpensive and simple to costly and complex. This section of the
report reviews some aspects of significant array technologies and issues pertain-
ing to their use.

ARRAY TECHNOLOGY: STATUS AND POTENTIAL ENHANCEMENTS

Array architecture: The details of array architectures lie in the structure and
location of the array management software, which can be host resident, array
controller resident, drive controller resident, or scattered throughout the storage
subsystem. Implementation can be in pure software, pure firmware, or a combi-
nation thereof. While the implementation can influence performance, economics,
maintainability and other important factors, architecture is largely independent of
implementation details. There are several ways to view array architectures:

* Lavered versus nonlayered arrays: A nonlayered array controls array
configuration at one point in the array structure, and typically operates as
a pure RAID-3, RAID-5, etc. A layered array distributes different array
configurations to different points in the array architecture. For instance,
striping may be done in the array driver, while mirroring may be done at
the disk controller level. This provides the advantages of both RAID-0 and
RAID-1. Similarly, the array controller may stripe for RAID-3 while the disk
controller provides a RAID-5 layer. Several array providers have imple-
mented hybrid RAID-3/RAID-5 approaches to sidestep the write perform-
ance limitations of pure RAID-5 designs.

* Host based versus controller based arrays: [f all of the array capability is
associated with the host system (usually as a software implementation),
rather than with a storage subsystem, there is great flexibility in configur-
ing and using the array. The host can select its array members from
among multiple subsystems, stripe to individual subsystems to improve
performance, and provide a level of tolerance for catastrophic disasters
that affect a particular subsystem. A host based array can also create
arrays with older drives and storage subsystems otherwise incapable of
being so operated. The downside is that the use of host resources may
be disruptive in computing intensive environments. It may also be difficult
for a host based array to take full advantage of the capabilities of intelli-
gent disk drives and controllers because the host may not support the
commands needed to do so. Controller based arrays are usually able to
optimize storage subsystem performance, but are less able to optimize
use of all of the storage resources attached to the host. A host based
array may also be difficult to integrate with some operating systems if the
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operating system is not modular, with well designed software interfaces.
In such cases, the controller based array may offer more functionality.

* Modular architecture: This approach, still not fully implemented, incorpo-
rates a core array management software module that can be implemented
in various forms and places within the storage subsystem, including the
host as a virtual device driver, the host bus adaptor, the array controller,
or an intelligent device controller servicing multiple drives. The core
module communicates through software interfaces appropriate to the
location of the core module in the array. Modular architectures allow
reuse of program code (which makes development and configuration of
midrange and large systems easier), but tend to be too expensive to justi-
fy in low end systems. AT&T has been among the active investigators of
modular array architectures.

* Augmented arrays: Much of the advanced work being done in array
design centers around methods to reduce or eliminate write delays asso-
ciated with the read-modify-write cycles associated with RAID-5 configura-
tions. For some developers, the inclusion of large buffers and algorithms
that allow the creation of a few large transactions from the combination of
many small ones is a preferred approach. Others use combinations of
RAID-3 and RAID-5 technology in which data is placed upon the drives in
a RAID-5 format but written to the drives from a large buffer in parallel. An
augmented array frequently has a non-Berkeley RAID level defined by its
manufacturer.

In some cases the array is bundled into an operating system or OS-like
environment, such as Microsoft's Windows NTAS. Such implementations usually
provide mirroring, duplexing or both. Some, such as Novell’s SFT-IlI, duplex
entire servers rather than requiring an array of disk drives. While providing fault
tolerance, these approaches don’t really qualify as an array product per se and
have not been counted in the array statistics in this report.

Hierarchical storage: The more advanced and flexible array controllers provide
for the support of tape drive, optical drives and automated libraries, allowing the
host system to move inactive data to offline or automated library storage and to
stage recalled data to the disk drives for use. Some arrays allow the use of
optical disk drives or tape drives as array elements, although not intermixed with
magnetic drives. While feasible, the use of removable media makes careful
physical volume management mandatory to avoid data corruption.

Packaging: Small array subsystems are usually packaged in tower or rack
mount enclosures. Larger array subsystems are frequently integrated into floor
standing cabinets along with other system elements. Some innovative ap-
proaches have emerged, including the modular array packaging of Micropolis
and the practice of fitting the entire array, including drives, into the volume of a
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single 5.25" full height drive by using 2.5" disk drives for the array, such as the
array announced by Core Technology. As 1.8" diameter drives achieve larger
capacities, it is expected that arrays of 1.8" drives will be packaged in the form
factor of a 3.5" drive.

The 5.25" package envelope is very attractive for arrays to be used with worksta-
tions or in servers for small work groups. Disk drives are expected to quadruple
the capacity available in today’s form factors by the end of 1996, which will make
multigigabyte user capacity available in the 5.25" form factor.

The Micropolis approach packages a disk drive, power supply, fan and controller
in modules, which may be stacked to make an array of the desired size. Advan-
tages of this approach include flexibility plus easy installation and expansion.

In the typical array, the disk drive is mounted on a removable frame, or sled,
which may also contain a power supply, fan and other elements associated with
the drive. The array is designed to permit removal of the sled without shutting
down the array in most cases. Mathematically, service events are less likely in
arrays that have common power supplies and fans, since there are fewer
components to fail. In practice, service needs depend upon design techniques
and avoidance of stress on array components. In particular, high RPM drives
that generate unusual amounts of heat must receive adequate cooling to avoid
unduly high failure rates.

Arrays implemented in software require no special packaging, but may influence
system packaging as array drives are added or if additional memory is required
in the processor to support array operations.

Semiconductors: Specialized semiconductors for use in disk drive arrays have
been available from AT&T since 1991, and other firms are also beginning to
produce specialized chips for this purpose, including drive controllers, array
management chips and specialized processors. Over the long haul, basic array
controller chips may migrate to the motherboards of low end computing sys-
tems, much as graphics controllers, modems and other I/O functions have al-
ready done. While this has negative implications for companies providing array
controller boards, it is likely that high performance needs of servers and worksta-
tions will continue to create a demand for specialized controllers not required in
sufficient quantities to justify chip development expense.

Cirrus Logic is among the semiconductor companies that have indicated plans to
do an array chip set for the merchant market, joining AT&T as a specialized sup-
plier to the array controller market. CMD, while not a semiconductor manufac-
turer, has designed a chip set which will be produced by a semiconductor
manufacturer.

Flash memory is expected to have a significant role in future array controllers as
a residence for the microcode associated with array management. The ability of
flash memory to be updated will make it easy to perform field upgrades of arrays
as new software versions are released.
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The decreasing cost per megabit of semiconductor memory will tend to increase
the likelihood of cache memory being present on array controllers and will tend
to expand cache size. Array controllers for even small systems may contain
several megabytes of cache, and cache sizes exceeding 50 megabytes are in-
creasingly common.

Disk drives: The trend to higher areal density will continue. The drives that offer
over 500 megabits per square inch density today are expected to offer a gigabit
per square inch by 1996. The impact of this will be to make a gigabyte available
in a single platter 3.5" drive or a double platter 2.5" drive. With the reduced parts
count implied, the costs for a gigabyte of storage are expected to steadily de-
cline.

The 3.5" disk drive in the one inch high form factor is expected to gradually
become the mainstay product for array producers because of its packaging effi-
ciencies. Such drives with one gigabyte capacity have been available since 1993
from IBM and others: Capacity expansion to four gigabytes per one inch high
3.5" drive within a few years is anticipated. At the present time, most array
producers are using a mix of one inch and half height drives in their product lines
because they cannot obtain all the drive types they need in the one inch form
factor, so most array drive enclosures are still fabricated with drive canisters that
will accept half height drives.

Disk drive performance is expected to improve. Though only marginal improve-
ments in seek time are expected, 5,400 RPM spindie speeds for high end drives
have become common. Seagate, IBM and others are shipping 7,200 RPM
drives. Because of the potential heat generated by drives rotating at the higher
speeds, packaging of these drives for easy removability in an array is challeng-
ing. Increases in areal density and increases in RPM will combine to produce
higher data transfer rates in future disk drives, although the ability of the drive
read channel to support these new capabilities will be stretched.

Disk drive arrays require drives with very high MTBF. With multiple drives in a
system, the probability of a failure within a given time increases with the number
of drives. To minimize service events or the possibility of two drives failing within
the same time frame, very high drive MTBF is required, and the disk drive indus-
try has responded by extending MTBF dramatically over the last several years.
Hewlett-Packard initiated the MTBF race when it announced drives with 150,000
hours MTBF. Specified MTBF has climbed steadily through 200,000 hours and
500,000 hours to the 1,000,000 hour MTBF drives announced by IBM in 1993.

Arrays can make use of increased drive intelligence. The ability of a drive to test
itself is significant in improving the operator’s ability to monitor the health of the
array. If the drive can collect and report the occurrence and location of soft
errors, advance warning of impending failures is possible, as well as recognizing
that a detected error may require repeating a transaction. The ability to reorder
commands to improve performance by minimizing seek and rotational delays is
also a useful capability.
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Spindle synchronization has been available for several years on some drives and
is useful for RAID-3 implementations. Other drive related capabilities required
include the ability to be safely hot plugged, and the ability to operate with multiple
controllers.

Interfaces: The interfaces involving arrays are the interface to the host comput-
er, the interface to the drives, the interface to an array control device (which may
be the host system) and the interface to the human operator.

Most array host interfaces use SCSI or SCSI-2, some in the fast and/or wide
configuration. Arrays for PC based systems, such as Compagq’s, frequently use
the EISA bus, although there are also a few array controllers designed to attach
to the older ISA bus, to the VESA bus, and to the NuBus. Future array designs
are expected to accommodate the PCl bus. At the high performance end of the
product range, arrays are connected through the HIPPI bus (some using the IPI-
3 protocol). Support for SCSI tagged command queuing has become important
to reduce latency delays and improve concurrent operations in RAID-4 and RAID-
5 configurations. As the SCSI-3 command set is defined and implemented it is
expected to see wide use in array controllers because it will support advanced
commands and high data transfer rates useful in improving array performance.
The ability to queue commands at the controller and at the drive provides a sig-
nificant improvement in array performance.

Drive interfaces are almost all SCSI or SCSI-2, although a few arrays exist that
connect to IDE or ESDI interfaces. SCSI-3 and serial SCSI are expected to
become common drive interfaces as they enter the market because they support
high data transfer rates and, in the case of SCSI-3, up to 64 devices per SCSI
address rather than the 8 devices of SCSI-2. Differential SCSI is starting to
become more common, but is still infrequently encountered. Serial interfaces
such as the fibre channel interface and IBM’s SSA are expected to become avail-
able in 1994.

Drives configured to plug into parallel SCSI bus backplanes are adopting the
Single Connector Attachment (SCA), eliminating unwieldy, expensive and failure
prone cables and making drive removal and replacement faster and simpler.

Some arrays use separate RS-232 ports to communicate with a remote computer
which functions as the control device for the array. Some systems provide
control through the host computer, using utility routines that can be employed
through the host console or across a network. These interfaces are expected to
remain stable in form.

The human interface provided by arrays varies from very sophisticated and user-
friendly to rudimentary and requiring expert experience (plus luck). The long-
term trend is towards control and monitoring interfaces that can be used at
varying levels of skill by authorized users of varying capabilities and which can be
used on a server or over a network. An increased use of graphical user inter-
faces is expected.
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Cache: The way cache is used in an array subsystem is one of the more signifi-
cant determinants of performance and fault tolerance. The best way to employ
cache may be nonobvious; cache may also exist within the host system or within
the disk drives used in the array. Operating with all of these levels of cache
active can lead to performance degradation and loss of data under fault condi-
tions if they are not carefully coordinated.

Some array controllers contain cache, while others do not, anticipating that
system cache or drive level cache will be adequate for performance needs. Most
array controllers incorporate cache, usually both read and write cache. Many of
the controllers with write cache incorporate battery backup to avoid data loss in
the event of power failure. Other designs use nonvolatile semiconductors for
write cache and at least one array design, the IBM 9337, employed a separate
disk drive as a write cache device in its initial implementation.

Write cache in an array controller can be configured as a write-through cache,
write-back cache or either. Write-through cache passes write operations directly
to the disk drive, notifying the host system that the write is complete after all the
drives have reported transaction completion. Write-back cache buffers the writes
until the cache is full and then writes to all drives. A "write complete" status is
given to the host when the data is placed in the cache. Write-through cache is
typically employed in data base applications where multiple users need access
to the latest possible version of a file. Write-back cache is employed where
processor efficiency is of paramount concern.

Software: Array software can range from the expanded disk drivers used for
simple disk mirroring on personal computers to the 300,000 plus lines of micro-
code needed to operate a mainframe array such as the Storage Technology
Iceberg subsystem. The design complexities and testing requirements demand-
ed by reliable interfaces to mainframe environments are major factors in deter-
mining when a high end product is ready to ship. However, array software add-
on packages limited to providing mirroring and striping have been well accepted
in systems running under the various types of UNIX and in Sun NFS environ-
ments. This success has been achieved primarily because well-defined inter-
faces between software modules have made array software relatively easy to
integrate and support.

Array software is expected to migrate to microcode implementations at both the
high end and the low end of array product lines, although array software for
mirroring is expected to remain popular because of its relative ease of integration
and lack of associated hardware expenses.

Compression: Data compression can help improve the performance of storage
subsystems by reducing the number of bytes that must be sent to and from the
disk. While the best location within the system to do data compression and
decompression remains a subject of controversy, in the long run the argument is
expected to be settled in favor of performing compression/decompression in the
originating/using system, with data stored or transmitted in compressed form
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until reaching the processing point at which decompression is needed for proc-
essing. In many cases, a dedicated compression/decompression coprocessor
will be used to avoid loading the host computer’s primary processor with such a
compute intensive task. There are many compression algorithms in use, with the
choice depending upon the characteristics of the data to be compressed.
Typical compression ratios range from 1.5:1 up to 200:1 depending upon the
data type and content. There is no single method best for all types of data.

Some compression products for small systems require repartitioning of the disk
drives, a feature not compatible with the capabilities of some arrays.

The STC Iceberg, which is intended to operate with mainframes, includes com-
pression as a capability. It is unclear whether this will prove an advantage now
that compression is beginning to appear as a feature included in some IBM
mainframe systems.

Standards: There are a number of standards issues that impact the develop-
ment of the disk drive array market. Among these are:

* Definition of a RAID-ready disk drive interface. The intent of the standard
is to specify the minimum SCSI command requirements for the drive and
how it responds, as well as setting forth requirements on connectors,
mechanical configuration details, optional features and compliance test
requirements. The current target for the specification is the parallel SCSI-2
interface. A related issue is how to define the interface to other types of
devices in an array whose status must be controlled or monitored. These
include fans, power supplies, indicators, controls, etc.

* Definition of standard test procedures for determining if an array is proper-
ly functioning and if a drive complies with the RAID-ready standard being
prepared under the auspices of the RAID Advisory Board.

* Definition of standard test procedures for benchmarking array perform-
ance. This is likely to be the most difficult area in which to reach agree-
ment, as each manufacturer will have a set of conditions under which their
array products will show optimum performance relative to competing
products.

Many of the standards issues are being addressed by study groups estab-
lished by the RAID Advisory Board. There is also an ANSI Technical Subcommit-
tee (X8T10) with the charter to address RAID standards issues on a formal basis.

Hot plug capabilities: Ideally, it should be possible to exchange defective array
components such as drives, power supplies and fans without removing power
from the array or its host system. This requires that connectors be designed so
when the component is removed, power is removed before the ground connec-
tion and that the ground is restored before power upon reinsertion. Furthermore,
there should be no transients produced that can disrupt other array elements,
nor should the drives be sensitive to shock events that might occur during hot
swap operations.
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COMPETING TECHNOLOGIES

Besides the mainline technologies discussed above, other data storage
technologies may provide competition to arrays in years to come.

Nonarray storage architectures: If minimizing storage costs per megabyte is a
primary objective and backup is sufficient for achieving data availability needs, a
nonarray architecture will probably be chosen, ranging from a single disk drive at
the low end to the strings of disks common in high end systems. However, the
emphasis on data availability in networks suggests that nonarray architectures
will be less appealing over time. A possible exception is the practice of mirroring
complete nodes as opposed to mirroring the drives or mirroring the storage
subsystem. This approach, admittedly expensive, has been promoted by Novell
and others as an effective way of providing fault tolerance. However, duplexing
can result in significant, extended network performance degradation if recon-
struction of data from one duplexed server to another is needed.

Holographic storage: It is theoretically possible to store data at very high densi-
ties and at very high speeds using crystalline materials as the storage medium
and laser scanning devices for input and output to the crystal array. Holographic
storage for data is just leaving the pure research stage and entering the devel-
opment stage. Itis expected that there will be no competition to magnetic stor-
age from holographic storage until well past the end of the century.

Holographic storage devices are expected to eventually offer capacities in the
range of 200 megabytes to 10 gigabytes, have average access times in the 1 to
10 microsecond range and data transfer rates in the gigabyte per second range.
Such devices could challenge RAID-0 and RAID-3 configurations implemented
with rigid disk drives where very high data transfer rates are required.

Solid state arrays: It is possible to fabricate an array using solid state technolo-
gy rather than disk drives. Although the cost per megabyte is substantially
higher than for magnetic storage, if there is a requirement for very high speed or
resistance to mechanical stress, solid state arrays may be appropriate.

Because a solid state array is already very fast, performance improvement is not
a primary motivation for using an array configuration, especially in large systems.
However, fault tolerance is a desirable and legitimate reason for using solid state
storage in an array configuration. Mirroring is the simplest, and probably most
appropriate method, given the emphasis on speed in high end systems, but if
utmost speed is not a requirement, RAID-5 organization could provide fault toler-
ance while minimizing the cost of expensive semiconductor memory.

At the smaller scale end of the systems world, arrays using flash memory cards
may find a niche. Provided that each card maintains its own drive address, the
cards could be placed in any PCMCIA slot providing disk drive support -- the
exact order of insertion would not matter. However, implementation of arrays
using removable media creates a storage management problem -- when the
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media is reinserted, there is a risk of synchronizing a recently created volume
against an obsolete volume with the resultant loss of recent data.

Optical disk drive arrays: Optical disk drives can also be used in arrays. For
instance, Pinnacle Micro’s Orray stripes data across several optical drives to
achieve improved data transfer rate while retaining removability. However, the
removability of the media imposes the need for keeping the disks together as a
set: Loss of a disk or scrambling of disk sets could make the data unrecovera-
ble. If RAID-3 or RAID-5 were to be employed in the future, data could be recon-
structed if only a single disk in the set was lost or damaged.

The most probable uses of optical disk drive arrays will be for image and video
editing and content preparation, where removability is often desired.
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In addition to the definitions of individual terms included in this section, the
product groups, types of products, market classes, and geographical classifica-
tions used in this report are defined in the DISK/TREND Array Definitions, at the
end of the opening summary section.

Actuator: The device used to position the movable heads in a drive. Linear
actuators use a straight line motion, while rotary actuators turn around a pivot
point.

Actuator level cache: A cache segmented to provide separate support to each
individual actuator in a drive string, preventing monopolization of the cache by an
actuator with an unusually heavy level of activity.

Areal density: A measure of the information stored per unit of area on the
surface of a recording medium. Normally computed by multiplying tracks per
inch times bits per inch, and expressed as megabits per square inch. (Depend-
ing upon the recording code used, bits per inch may not be the same as flux
changes per inch.)

Array: A group of storage devices controlled in such a way as to provide higher
data transfer rates through parallel operation, higher data availability through
redundancy, or both. See RAID. Array functionality is provided by a specialized
controller, specialized software or both.

Array processor: The processor in the array controller, separate from the host
processor, that performs the local computing and control functions within the
array.

Array software, array driver: Programs that operate multiple disk drives as an
array directly from the host system without the need for a specialized hardware
controller. The software performs typical array functions such as striping, error
correction, parity functions, data recovery, etc. An array driver is a smaller piece
of code controlling basic data flow functions to the array.

Automatic rebuild: The process by which data from a failed drive in an array is
automatically reconstructed using another drive in the array. Manual rebuild is
the same process, but is initiated upon operator command rather than automati-
cally upon detection of a failure. See data reconstruction, rebuilding.

Automatic swap: Describes a situation where spare array components are
automatically brought into active use when a similar component fails. The array
continues to operate while the exchange is taking place, possibly at a degraded
rate if data on a new drive must be rebuilt. See hot spare.
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Availability: The probability that data will be available when requested within an
acceptable time. If averaged over all data requests, it is the percentage of data
requests satisfactorily fulfilled. "Satisfactory" may have different meanings in
different applications.

Average access time: The average time elapsed between the time a command
to access data is received by a disk drive and the time data begins to be trans-
mitted or received. It usually consists of average head positioning (seek) time,
average rotational delay (latency) time and settling time. If the drive uses an
embedded controller, there may be an additional controller latency caused by
command processing within the drive.

Average positioning (seek) time: The average time required to move the head
of a disk drive between tracks in response to random positioning requests.
Frequently approximated as the time to move the head one third of the distance
from inner track to outer track, beginning and ending with the head at rest. The
time for the head to settle into its final position after it reaches the desired track is
generally included. Often, and erroneously, referred to as "average access time".
See average access time.

Average rotational delay (latency): The amount of time required for the disks
in a disk drive to rotate through one half of a revolution, thus the average time for
the drive to bring the beginning of the requested data block under the heads.

Bandwidth: The amount of data transmitted through a data channel per unit
time. Usually expressed in terms of megabytes per second. To understand
channel performance, it is useful to know how many signal conductors are in-
cluded in the data channel.

Bit: The fundamental unit of digital information. In digital recording, it is a single
recorded information cell.

Bit density (linear density): The number of recorded bits per unit distance as
placed upon the tracks of a storage device. Typically given as BPI (bits per
inch).

Cache: A portion of memory dedicated to collecting and holding related data
until a processing, storage, communications or other module within the system is
ready to process it. Cache is usually implemented as fast semiconductor
memory, but other forms of memory are sometimes used. The form and archi-
tecture of the cache used is a major influence on system performance. See read
cache, write cache, segmented cache, multiple threaded cache, actuator level
cache.

Check disk, parity disk: Disk in an array that is dedicated to storing redundan-
cy information.
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Cold swap: Describes a situation where system operation must be stopped and
power removed from the system before a defective component can be ex-
changed. See hot swap, warm swap.

Controller: A physical module that interprets signals sent between the host
processor and a peripheral device. The controller is sometimes embedded
within the peripheral device, but can also be implemented as a separate PC
board or as chips on a host system motherboard.

DASD: Direct Access Storage Device. IBM’s term for a disk drive.

Data reconstruction, Data rebuild: The process of recreating data that was
stored upon a failed drive or is unavailable from a drive because of component
failures. The source of the recreated data is data plus parity information from the
operating drives.

Data stripe: A sequence of logically consecutive "stripe units" written to the disk
drives in an array. A logical I/O request to a disk array corresponds to a data
stripe, which may extend across one, several, or all the drives in the array
depending upon the array configuration. See stripe unit.

Data transfer rate, drive: Maximum data rate from the disk drive to the array
controller. The rate is a function of the interface transfer rate, bus width, and
buffer output rate from the drive. It is usually measured in megabytes per
second. The burst rate from the drive is the fastest instantaneous rate between
the drive interface and the controller interface. The sustained rate is the rate at
which data is extracted from the disks in the drive.

Data transfer rate, host: The rate of data exchange between the host proces-
sor and the array. It can be expressed as a burst rate (maximum instantaneous
rate) or as a sustained rate (combined effective rate the drives in the array can
produce when operating as a group over a period of time). Sustained rate varies
as a function of the number of drives in the array and the array configuration.

Degraded operation, degraded mode: The state of operation of an array after
a drive has failed. Performance is reduced because of the overhead associated
with reconstructing data as requested, rebuilding data on a spare drive, or both.

Disk spanning: A technique that operates several disk drives from a single
controller, with the entire set of drives appearing to the host system as a single
drive. Data is not striped, nor is there any redundancy, so disk spanning is not
recognized as an array technique.

Duplexing: A configuration in which each element of a system or subsystem is

duplicated. For instance, in a duplexed RAID-1 array, for each drive pair, each
drive has its own controller and host adapter.
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Dynamic sparing: A technique that automatically transfers data to a spare drive
when the detected error rate for an active drive exceeds a specified threshold.

Exclusive OR: The logical algorithm used to recover data from an array when a
drive has failed.

Fault tolerance: The ability to operate normally, albeit at a degraded rate, even
though one or more elements of a system have failed.

HIPPI: High performance parallel interface.

Hot spare, hot patch, on-line spare, automatic swap: In an array, a disk drive
that is present but normally unused until there is a drive failure, at which time the
drive is used to substitute for the failed drive. The data from the failed drive can
automatically be rebuilt upon the spare drive, but may require operator interven-
tion in some arrays. See automatic rebuild. By contrast, a cold spare is not
installed in the system; it’s a shelf item. While widely used among array produc-
ers and users, the term "hot spare" is actually a trade mark of Core International.

Hot swap, hot fix, automatic swap: The ability to automatically exchange a
defective component without shutting down the equipment of which the compo-
nent is an element. In arrays, this typically refers to exchanging a drive, but may
also apply to exchanges of fans, controllers, wiring or other elements.

Input/Output operations per second (I/O per second): See transaction rate.

interleaving, data interleaving: The process of distributing a byte of data
across several storage devices. Typically used in RAID-2 and RAID-3 arrays.

IPI: Intelligent Peripheral Interface. This is a high performance interface usually
used in larger systems. Two variants are in current use: IPI-2 and IPI-3.

JBOD: Just a Bunch of Disks. Term used to refer to a multiple disk drive con-
figuration in which there is no redundancy. Used by some manufacturers to
mean a RAID-0 configuration.

Mirroring: A recording technique where data is recorded identically upon two or
more disk drives. If a drive fails, operation continues using the other drive. If the
drives are accessed for read concurrently, the first drive responding supplies the
data. Drives operated in a mirrored mode are defined as a RAID-1 configuration.

MTBDL: Mean Time Between Data Losses. A statistic indicating the elapsed
time before half of a group of arrays will experience events that cause data to be
lost. Frequently interpreted as the average time between data loss for a single
array. For an array with redundancy, this average can exceed 1,000,000 operat-
ing hours, but an individual array may fail at any time.
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MTBF: Mean Time Between Failures. A statistic indicating the elapsed time a
group of devices will operate before half of them experience failure. Frequently
interpreted as the average time a single device will operate between failures.

MTDA: Mean Time of Data Availability. This is the average period of time data is
available to be used for its intended purpose. See availability.

Multimode operation (Universal RAID): The ability of an array to operate in
more than one RAID configuration simultaneously.

Multithreaded cache: A cache which has been segmented and in which each
segment is assigned to support one of several simultaneously executing tasks.

Parity: A mathematical technique that adds bits to a data stream containing
redundant information allowing reconstruction of the data stream if part of the
stream is corrupted or absent. In arrays, single level parity permits data recovery
from a single drive failure. Two level parity permits recovery from a two drive
failure. Parity information may be held on one drive, as in RAID-3, or spread
across all drives in the array, as in RAID-5.

RAID: Redundant Array of Inexpensive Disks. This term was originally coined in
1987 at U.C. Berkeley, as was the initial categorization of RAID configurations.
May also stand for Redundant Array of Independent Disks. See also, SLED.

RAID Advisory Board (RAB): The RAB is an association of organizations
concerned with sales or purchases of drive arrays and closely related products.
RAB activities include the proposal of standards for commonly used nomencla-
ture, array interfaces, test procedures and definitions, and the promotion of array
technology throughout the computer industry.

RAID level: A number designating the general configuration of an array. RAID
configurations are defined and generally accepted for levels 0 through 5. Higher
levels have been used by specific manufacturers to indicate additional features
but are not universally accepted. See the Array Considerations section.

Read cache: A cache or cache segment dedicated to accumulating information
read from the disk drives. Typically, the read cache will load a track or a few
tracks of data on the assumption that the next data requested will be closely
related to the initial data requested. The system will search the cache for re-
quested information, initiating further disk accesses only if the desired informa-
tion is not located in the cache.

Read-modify-write cycle: For RAID-4 and RAID-5 arrays, a write operation

requires readback of data from the drives across which the data stripe is to be
written, recomputation of the parity data, and rewriting the data and parity.
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Read/Write ratio: The ratio of read operations to write operations in a typical
host system work load. Important in selecting array configuration, because
some configurations are inefficient in write intensive environments. Usually given
as "x% reads" in data sheets.

Rebuild: See Reconstruction, Automatic Rebuild.

Reconstruction: The process of recreating the data from a failed disk, rebuild-
ing the information on a new drive from data and parity information on the re-
maining functional drives. This can occur concurrently with normal operation in
most arrays, although the processing overhead will slow the transaction rate.

Recovery period: The time required to reconstruct data from a failed disk drive.
Redundant drive: In a RAID-3 configuration, a drive dedicated to parity data.

SCSI: Small Computer System Interface. SCSI-2 is a more recently defined
advanced version. The standard SCSI burst transfer rates for SCSl and SCSI-2
are 5 megabytes/second. Fast SCSI operates at up to 10 megabytes per
second. Wide SCSI, with a double width bus, operates at up to 20 megabytes
per second. Serial SCSlis a new 20 megabyte per second format using fewer
cable wires. SCSI-3 is a proposed new standard adding some new commands,
many of which are needed for efficient array performance. SCSI interfaces may
operate asynchronously or synchronously. They may be single ended (6 meter
cable length limit) or differential (25 meter cable length limit).

Segmented cache: A large block of cache memory divided in such a way that
the segments are assigned to individual disk drives, hosts, or processing tasks.

Serial interface: An interface architecture in which data is transmitted in bit serial
form rather than in parallel. IBM’s SSA (Serial Storage Architecture) and FC
(fibre channel) are leading contenders for industry adoption. SSA transmits at 20
megabytes per second, while FC operates at 100 megabytes per second.
Typical use will be with two controllers serving large numbers of attached disk
drives.

SLED: Single Large Expensive Disk. The alternative to RAID.

Spindle synchronization: A technique for causing the rotational position of all
the disks in an array to be identical, facilitating the flow of information in parallel to
the drives in the array. Usually used for RAID-3 configurations. Disk drives must
be designed specifically to provide spindle synchronization capability.

Storage overhead, array overhead: The percentage of the total capacity of the
disks in the array that is used to store redundant information needed to recover
data or correct errors. The percentage varies with array configuration and
number of disks in the array.
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Striping: The process of recording data on several recording devices, distribut-
ing blocks of data on each device. The exact striping method depends upon the
RAID configuration.

Stripe depth: The amount of data placed on a drive in the array during a trans-
action, measured in stripe units.

Stripe unit: A unit of data interleaving; the amount of physical data placed upon
a disk drive before data flow is switched to the next disk drive in the array. Stripe
units normally range from a sector to a track in length and are typically 512 bytes
to 64K bytes long.

Throughput: The number of I/O requests completed in a unit of time. Usually
expressed as requests per second.

Track density: The number of recording tracks per unit distance, measured
perpendicularly to the direction of the recorded track. Usually given as TPI
(tracks per inch).

Transaction rate (I/O per second): Atransaction is the successful completion
of a read or write request for a block of data. A data block access may require
multiple reads or writes. Transaction rate is the number of successfully complet-
ed transactions per second. Often given with a qualification of workload mix as
random requests, sequential requests, or mixed requests, and the read/write
ratio.

Virtual disk drive: Virtual drives are not a single physical drive. They appear to
the system as a single disk drive, but may in fact be implemented in software,
semiconductor memory, or as a collection of drives, or even as a portion of a
single drive. They are conceptual constructs, rather than physical entities.

Warm swap: Describes a situation where system operation must be halted in
order to replace a defective component, but power need not be removed from
the system. Frequently encountered in RAID-0 systems and older redundant
arrays.

Write cache: A cache or cache segment used to accumulate data before writing
to the disk on the theory that a single large write operation is more efficient than
several smaller transfers. Can mask the write latency of the drives to the host
system. Write cache is usually in semiconductor form, although IBM used a disk
drive in its initial Model 9337 array models.

Write latency: As seen by the host system, the period of time between the initia-
tion of a write transaction and the time at which the storage subsystem has
indicated successful completion of write operations. If a write cache is present,
write latency is considerably shortened. Depending upon the array configura-
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tion, the write latency period may incorporate multiple reads and writes by indi-
vidual drives in the array. See Read-modify-write cycle.

Write-back cache: Data is accumulated in the cache and the host system is told
that the write operation is complete as soon as the cache is loaded. The cache
contents are transferred to the disk when the optimum block size is available.

Write-through cache: Data placed in the cache is transferred to the disk when
all data relevant to a transaction have been placed in the cache. The host
system is notified the write is complete when all drives involved have signaled the
completion of the transaction. Typically used for data base applications.
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ARRAYS: SINGLE USER SYSTEMS

Coverage

Examples of disk drive arrays in this group include:

Complete subsystems, with disk drives

FWB Sledgehammer series
Mega Drive Systems Mercury
Peripheral Land, Inc. MiniArray, QuickArray
Procom Technology 480, 680
Raidtec FlexArray MX
Ranger Technologies Plug & Go
Seraph Gemini SE
Board assembly (no drives)
ARCO Electronics AC1079MC
Aresys IDACO-1000
ATON Systemes AREKA 1-10S
ATTO Technology Silicon Express
CMD Technology SCEA/S
Peripheral Land, Inc. QuickSCSI
Procom Technology ISA SCSI Xelerator
Silicon Valley Computer ADP 104, 111

Software arrays

ATTO Technology
Trillium Research

Express Mirror
Remus Lid.

All disk drive arrays used primarily with single personal computers or work-
stations are included in this product group. Shipments in this product group
started in 1990, with early software and board level array products.

The majority of array products offered for single user computer systems are
designed for the Macintosh market, with most offering RAID-0 and/or RAID-1
capability. The large data storage requirements for many graphics applications
for which Macintosh systems are widely used have created a demand for both
the high data rates offered by RAID-0 striping and the reliability provided by
RAID-1 mirroring.

Although individual disk drive arrays offering RAID-3 or RAID-5 capability are
included in each of the above subsystem, board and software product types,
they remain the exception, and in some cases are intended for high-end worksta-
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tions use for graphics and prepress applications. Most of the other products are
designed for the very price-sensitive personal computer markets, and use disk
mirroring.

Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1993 1994 1995 1996 1997
U.S. manufacturers 16.5 26.8 40.7 52.5 58.3
All manufacturers 16.7 27.1 41.7 55.8 64.4

Unit shipments of single user arrays increased 235.1% in 1993, reaching
18,095 individual arrays, with further growth to 26,125 forecasted for 1994. Due
to the low average unit prices typical of this product group, 1993 worldwide
revenues increased to only $16.7 million, with 1994 expected to climb to $27.1
million. The earliest disk drive array products specifically intended for single
users appeared in 1990 and 1991, offering RAID-1 and RAID-0/1 for individual
computer users who consider their work to be mission critical.

Shipments which have occurred so far in this product group have included a
minority of complete disk drive array subsystems -- many more users have
chosen the option of installing a controller board with mirroring capability.
However, boards and board assemblies, which provided 70.6% of 1992 unit
shipments, were down to 46.1% of 1993 shipments, and are forecasted to pro-
vide only 38% of 1994’s shipments. Complete subsystems are expected to move
up to 41.4% of 1994 unit shipments, with software arrays declining slightly to
20.6%.

The leader in 1993 noncaptive shipments was FWB with 29.8% of the world-
wide total, all subsystems sold for Macintosh applications. Peripheral Land’s
combined total of 3,550 RAID-0/1 subsystems and boards for the Macintosh
market earned the company a 19.6% share.

Marketing trends

Total revenues for arrays used with single user systems are expected to
remain the smallest of the four DISK/TREND array product groups. The group’s
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Figure 6
Single User System Arrays
Worldwide Shipments by Array Type
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low average unit prices will increase slightly due to the larger share expected for
subsystems and the forecasted start of captive shipments, but not enough to
boost the revenue total higher than 0.5% of the total for all four DISK/TREND
array product groups. 1997 total revenues for single user arrays are forecasted
at $64.4 million. Total unit shipments of single user arrays are forecasted to
reach 55,420 units in 1997, an average increase for the 1995-97 period of 28.6%
per year.

By 1997, complete subsystems are projected to provide 58% of all single
user arrays, the result of an average annual growth of 44.4% during the 1995-97
period. Boards are expected to grow during the same period at an average of
only 12.5%, dropping the 1997 share of all single user arrays down to 25.5%.
Because of the relatively small capacity of single user arrays, it is believed that
the majority will remain RAID-1 types, usually with RAID-0 capability, for the next
few years, with some migration to RAID-5 arrays, as 1.8" and 2.5" drives with
higher capacities are packaged in very small array enclosures.

The single user array market remains an add-on market served primarily by
independent peripheral vendors specializing in the Macintosh and IBM compati-
ble personal computer markets. Array manufacturers headquartered in the U.S.
have led in development of the growth markets for single user array subsystems
and boards and are expected to hold 90.5% of 1997 worldwide revenues. The
PCM/Reseller channel is expected to remain dominant in sales of arrays for
single user systems, and is forecasted to capture 79.9% of 1997 total unit ship-
ments for all types of single user arrays.

Technical trends

Most arrays intended for single user applications do not stretch the capabili-
ties of the disk drives, software, controllers or other technology now employed,
and the performance levels available are more than adequate for most single
users. Today’s developing market for single user arrays is made possible by the
continuous improvement in disk drive areal density, which has provided the low
cost, high capacity 3.5" drives used in most of the arrays in this product group.
During the next few years 3.5" drives are expected to remain dominant, while
evolving to even lower prices and higher capacities.
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A few manufacturers have taken advantage of the availability of 2.5" drives
and one inch high 3.5" drives to offer multiple disk complete array subsystems in
the form factor of full size 5.25" disk drives. This packaging provides array
capability in a smaller space than usual, but not small enough for many single
users, since most newer personal computers are designed to use 3.5" drives.
However, the physical size of these arrays can be decreased as time goes on, as
the capacity of 2.5" drives increases. Individual 2.5" drives are already available
in capacities over 500 megabytes, and some 2.5" drives should soon exceed one
gigabyte or more. RAID-5 arrays with adequate capacity for many sophisticated
single user applications will be cost-effective with high capacity 2.5" drives
packaged in small enclosures.

1.8" drives with 130 megabytes capacity are now available, and 170 mega-
byte drives have been announced. These drives open additional packaging
opportunities because they will be available in the PCMCIA Type lll configuration,
a plug-in card only 10.5 millimeters thick. These drives, which are expected to
offer capacities of at least 500 megabytes within a few years, provide the oppor-
tunity to produce a disk drive array in the 3.5" disk drive form factor, probably
with one inch height. The removable card-mounted drives will make it possible to
upgrade drives when higher capacities become available and make replacement
of failed drives easy.

Forecasting assumptions

1. The market for single user arrays will continue to grow, but will generate
purchases from only a small segment of Macintosh, PC compatible and
UNIX workstation users.

2. Complete subsystems will increase to at least half of the unit shipments for
the product group, due to convenience of installation and use, plus avail-
ability of new small arrays using 2.5" and 1.8" disk drives.

3. U.S. manufacturers will continue to dominate the worldwide market for

single user arrays, due to aggressive product development and continu-
ously changing competitive conditions.
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U.S. Manufacturers

Captive
PCM/Resel ler
OEM/ Integrator

TOTAL U.S. REVENUES

Non-U.S. Manufacturers

Captive

PCM/Resel ler

OEM/ Integrator

TOTAL NON-U.S. REVENUES

Wor ldwide Recap

TOTAL WORLDWIDE REVENUES

- ---Revenues- - -
u.s. WW
10.1 16.3

.2 .2
10.3 16.5
.2 .2
.2 .2
10.5 16.7

TABLE 10

SINGLE USER SYSTEMS

REVENUE SUMMARY
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Forecast
Ww u.s.
5.5 7.1
34.5 25.1
7 1.4
40.7 33.6
.9 1.7
1 .4
1.0 2.1
41.7 35.7

DISK DRIVE ARRAY REVENUES, BY SHIPMENT DESTINATION ($M)
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------------ DIsSK
1993
---Shipments---
u.s. Ww
U.S. Manufacturers
Captive - --
PCM/Resel ler 10,694 16,105
OEM/ Integrator 450 560
TOTAL U.S. SHIPMENTS 11,144 16,665
Non-U.S. Manufacturers
Captive - -
PCM/Resel ler 1,000 1,300
OEM/ Integrator 130 130
TOTAL NON-U.S. SHIPMENTS 1,130 1,430
Worldwide Recap
TOTAL WORLDWIDE SHIPMENTS 12,274 18,095
Cumulative Shipments (Units in thousands)
WORLDWIDE TOTAL 16 23

TABLE 11
SINGLE USER SYSTEMS
UNIT SHIPMENT SUMMARY

DT60-8

DRIVE ARRAY UNIT SHIPMENTS, BY SHIPMENT DESTINATION -------ccmvmennnn-
------------------------------ Forecast-----------cmmmcmma e
------ 1994----- ------1995-----  ------1996-----  ------1997-----

u.s Wy u.s Ww u.s Ww u.s ww
-- -- 1,350 1,800 2,520 3,500 2,970 4,300
14,800 22,800 18,710 28,755 22,140 33,960 24,910 38,090
850 1,125 1,240 1,650 2,170 2,850 3,510 4,580
15,650 23,925 21,300 32,205 26,830 40,310 31,390 46,970
1,500 2,000 2,220 3,000 3,255 4,530 4,450 6,210
200 200 220 530 575 1,220 1,050 2,240
1,700 2,200 2,440 3,530 3,830 5,750 5,500 8,450
17,350 26,125 23,740 35,735 30,660 46,060 36,830 55,420
33 49 57 85 88 131 125 186
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TABLE 12
SINGLE USER SYSTEMS
WORLDWIDE REVENUES ($M)

BREAKDOWN BY ARRAY TYPE

1098 e Forecast------commmmm e
---------- Revenues---------- B el L SRR R 1= = L T Seeeesee----1996-- oo ceeeseee---1887 e
Subsys. Boards Software Subsys. Boards  Software Subsys. Boards Software Subsys. Boards Software Subsys Boards Software
U.S. MANUFACTURERS
Captive -- .- .- -- -- -- 55 -- -- 9.8 -- -- 10.7 -- -
PCM/Resel ler 13.7 2.2 4 23.2 2.5 .5 31.3 2.7 .5 37.6 2.6 .6 41.0 2.4 .6
OEM/ Integrator - A N -- .3 .3 A .3 .3 1.3 .3 .3 2.8 4 4
TOTAL U.S. REVENUES 13.7 2.3 .5 23.2 2.8 .8 36.9 3.0 .8 48.7 2.9 .9 54.5 2.8 1.0
NON-U.S. MANUFACTURERS
PCM/Resel ler -- -- 2 - -- .3 .5 -- .4 2.2 -- .4 4.3 1 4
OEM/ Integrator -- .- .- -- -- -- .- 1 - 4 .3 -- 7 .6 .-
TOTAL NON-U.S. REVENUES -- -- .2 -- -- .3 .5 A 4 2.6 .3 4 5.0 7 4
WORLDWIDE RECAP
Captive -- -~ -- -- -- - 5.5 -- -~ 9.8 -- -- 10.7 -- --
- -- -- -- -- .- -- -- - +78.2% -- -- +9.2% -- --
PCM/Resel ler 13.7 2.2 .6 23.2 2.5 .8 31.8 2.7 .9 39.8 2.6 1.0 45.3 2.5 1.0
+813.3% +83.3% +500.0% +69.3% +13.6% +33.3% +37.1% +8.0% +12.5% +25.2% -3.7% +11.1% +13.8% -3.8% --
OEM/ Integrator -- A A -- .3 .3 A 4 .3 1.7 .6 .8 3.5 1.0 4
-- .- -- - +200.0%  +200.0% -- +33.3% -- - +50.0% -- +105.9% +66.7% +33.3%
Total Revenues 13.7 2.8 7 23.2 2.8 1.1 37.4 3.1 1.2 51.3 3.2 1.8 59.5 3.5 1.4
+813.3% +91.7%  +600.0% +69.3% +21.7% +57.1% +61.2% +10.7% +9.1% +37.2% +3.2% +8.3% +16.0% +9.4% +7.7%

ANNUAL SHARE, BY TYPE 82.1% 13.8% 4.1% 85.7% 10.3% 4.0% 89 8% 7.4% 2.8% 92 .0% 5.7% 2.3% 92.5% 5.4% 2.1%
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TABLE 13
SINGLE USER SYSTEMS
WORLDWIDE SHIPMENTS (UNITS)

BREAKDOWN BY ARRAY TYPE

140Od34H AN3HL/MSIA 661

1993 e Forecast-«==v-emmmmrere e
--------- Shipments---------- s 1994 s B LEE Ll I LR E R PP ceeeeeeo--1996- - e e oo ceeeesnme e 1997 e
Subsys. Boards Software Subsys Boards  Software Subsys. Boards Software Subsys. Boards Software Subsys. Boards Software
U.S. MANUFACTURERS
Captive -- - -- -- -- -- 1.800 -- -- 3,500 -- -- 4,300 -- --
PCM/Resel ier 5,840 8,265 1,800 10,800 9,600 2,400 15,290 10,640 2,825 19,285 11,325 3,350 22,790 11,690 3,610
OEM/ Integrator .- 60 500 -- 325 800 120 380 1,150 900 550 1,400 2,150 760 1,670
TOTAL U.S. SHIPMENTS 5,940 8,325 2,400 10,800 9,926 3,200 17,210 11,020 3,975 23,685 11,875 4,750 29,240 12,450 5,280
NON-U.S. MANUFACTURERS
PCM/Resel ler -- -- 1,300 - -- 2,000 250 150 2,600 1,100 280 3,150 2,300 450 3,460
OEM/ Integrator -- -- 130 -- -- 200 -- 230 300 260 600 360 570 1,250 420
TOTAL NON-U.S. SHIPMENTS .- -- 1,430 -- -- 2,200 250 380 2,800 1,360 880 3,510 2,870 1,700 3,880
WORLDWIDE RECAP
Captive - -- -- -- -- .- 1,800 - - 3,500 -- .- 4,300 -- --
-- -- -- -- .- .- .- .- .- 494 4% - -- +22.9% -- --
PCM/Resel ler 5,940 8,265 3,200 10,800 9,600 4,400 15,540 10,790 5,425 20,385 11,605 6,500 25,090 12,140 7.070
+989.9%  +120.1%  +204.8% +81.8% +16.2% +37.5% +43.9% +12.4% +23.3% +31.2% +7.6% +19.8% +23.1% +4.6% +8.8%
OEM/ Integrator -- 60 630 -- 325 1,000 120 610 1,450 1,160 1,150 1,760 2,720 2,010 2,090
-- +20.0% -- -- +441.7% +58.7% - +87.7% +45.0% +866.7% +88.5% +21.4% +134.5% +74.8% +18.8%
Total Shipments 5,940 8,325 3,830 10,800 9,925 5,400 17,460 11,400 6,875 25,045 12,755 8,260 32,110 14,150 9,160
+989.9% +118.8%  +264.8% +81.8% +19.2% +41.0% +61.7% +14.9% +27.3% +43.4% +11.9% +20.1% +28.2% +10.9%  +10.9%
ANNUAL SHARE, BY TYPE 32.8% 46.1% 21.1% 41.4% 38.0% 20.6% 49.0% 31.9% 19.1% 54 5% 27.7% 17.8% 58.0% 25.5% 16.5%
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TABLE 14
SINGLE USER SYSTEMS
WORLDWIDE PRICE PER UNIT ($)

ARRAY TYPE e Forecast------crmmmmmmmm e
------------------- 1993----- ------1994-----  ------1995-----  ------1996-----  ------1997-----
Captive
Subsystems -- -- 3,000 2,800 2,500
Boards -- -- -- -- --
Software -- -- -- -- --
Captive Average -- -- 3,000 2,800 2,500

PCM/Resel ler

Subsystems 2,307 2,148 2,050 1,951 1,803
Boards 273 265 249 229 209
Software 179 177 161 146 135
PCM/Resel ler Average 950 1,069 1,115 1,127 1,100

OEM/ Integrator

Subsystems -- -- 1,500 1,377 1,279
Boards 1,100 900 734 579 481
Software 226 228 217 197 185
OEM/ Integrator Average 302 392 432 641 708

Note: Price per unit calculations represent estimated total sales revenues for
each product type by the total yearly shipped quantity of all units of that type.
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Drive Manufacturers

FWB
Peripheral Land Inc.
Silicon Valley Comp.

Arco Electronics

Unitrol Data Protect.

Other U.S.
Other Non-U.S.

TOTAL

TABLE 15
SINGLE USER SYSTEMS

MARKET SHARE SUMMARY
Worldwide Shipments of Noncaptive Disk Drive Arrays

1993 Net Shipments

To United States

Destinations Wor ldwide
"""""""" Units % tnits %
Subsys.Boards Softwre Total Subsys Boards Softwre

3,250 - -- 3,250 26.5 5,390 -- --
275 2,250 -- 2,525 20.6 550 3,000 --
-- 1,200 -- 1,200 9.8 -- 2,000 --

-- 1,000 -- 1,000 8.1 -- 1,500 --

-- -- 1,130 1,130 9.2 -- -- 1,430

-- 1,369 1,800 3,169 25.8 -- 1,825 2,400

3,525 5,819 2,930 12,274 100.0 5,940 8,325 3,830
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ARRAYS:
NETWORKS/MINICOMPUTER/MULTIUSER SYSTEMS

Coverage

Examples of disk drive arrays in this group include:

Complete subsystems, with disk drives

Acer

ADIC

Allodyne

American Digital Systems
ANDATACO

ASA Computers

AST Research

ATON Systemes

AT&T Global Information Solutions
Auspex Systems

Aviv

Baydel

Box Hill

Cambex

Ciprico

Clovis Manufacturing
CMS Enhancements
Compaq Computer
CompuAdd

Concurrent Computer
Conley

Conner Storage Systems
Core International

Data General

Datalink

Dataram

Data Storage Management
Dell Computer

Digital Equipment

Direct Connect Systems
Disk Pack

DynaTek Automation Systems
ECCS

EMC

Eurologic Systems

Exsys Storage Systems
Falcon Systems
Formation

Fujitsu

Future Computers

FWB

Gain Systems

Gigatrend

1994 DISK/TREND REPORT

Altos 7000

SDS-RAID

A510, A1010
Masterdisk RAID
Gigaraid GTS, GRS
Clydesdale, Thoroughbred
Manhattan, Premia-SE
AREKA VDS

6298, 6299

NS 3XXX, NS 6XXX series
Duet, Mustang

DARS3, DARS5 series
RAID Box 530
Array/6000 series

6700 series

Multistor series
Platinum ARRAY series
ProLiant, ProSignia series
DriveArray

D-251, SD-22

SR1, SR2

CR611 series, CR622
LAN Array, MicroArray
CLARIiON series

RSG 200, RSP 500
DTM900, DTM4000
Datastor RAID

DSA

HSC65 series, StorageWorks series
Guardian RAID
DP-RAID

RDR, lIR, XPRS series
FFT series, Micro DFT
Harmonix series
EL-RAID 300

RFCS ISA series
FalconRAID

9937 series

F7956, DynaRAID
RAIDER-5
Sledgehammer series
Superserver
MasstoRAID
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Complete subsystems, with disk drives (continued)

Hammerman Associates
Hewlett-Packard

Hi-Data

High Performance Storage
Hitachi

IBM

ICL

Information Management Technologies

IPL

Invincible Technologies
Jaba System

Legacy Storage Systems
Marner International
Media Integration
Megabyte Memory Products
Mega Drive Systems
Microaccess
Micronet Technology
Micropolis

Micro Technology
Morton Management
Mylex

National Peripherals
NEC

NetFRAME

Network Appliance
Network Connection
PACE Technologies
Pacific Micro Data
Parity Systems

Peak Technologies
Precision Computers
Procom Technology
RAAC Technologies
Raid Power

R Squared

Sanyo Icon

See First Technology
Seek Systems
Sequent Computer Systems
Sequoia Systems
Seraph

Solid Computer
Storage Computer
Storage Concepts
Storage Dimensions
Storage Solutions
Storage Technology
Stratus Computer
Sun Microsystems
Tandem Computers

DATA-SAFE series
C2436HA, C3609A

2000, 3000

Wildcat series

A-6511, HitRAID series
9337, 3514, 7135, 9570 series
PowerARRAY

HiPerRaid5

7037, 7737 series
Ultimate 1, 5

Alpha 150 NT

HFD, SmartArray

DSV100 series
SMARTSstor

MegaRAID

MR/5, MR/20, MK/245
San Francisco

Raven, RAIDbank -
RAIDION, RAIDION LT series
Failsafe series, Stingraid
GBR-RD series

IDA S 2000, DA-1200-3
5000 series

N1137 series

NF250 FT, NF450 FT
FAServer series

T.R.A.C Array

PACE RAID-5

MAST VII, MAST VIl

6000 series

FA-7040, FA-7180
486-XX

2000, LFRAID series
ESP1000

Ultraraid 55

Ultima

MRX-100, MRX-300, MRX-500FT
Array System

S401

Winserver 3000

DS310, DS4003

Gemini SE, AU-1
WSR425, N20

CLx, D3x, D5x, R3x, R5x
Concept 51, Concept 550
LANStor-CDA, LAN6-FEP-RC
CM-02, CM-03, CM-04
Alpine 9600

D600 (K121)
SPARCstorage Model 100
4500, 4510
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Complete subsystems, with disk drives (continued)

Tangent Computer

Texas Microsystems

Total Tec Systems

Transoft

Unbound

Unison Information Systems
Unisys

Vanguard Technologies
Winchester Systems

Wyse

ZZYXZ Workstations & Peripherals

Board assembly (no drives)

ADS International
American Megatrends
Aresys

AT&T Global Information Solutions
ATEN International
ATON Systemes
BusLogic

Canary Communications
CMD Technology
Consensys

Control Data Systems
Digi-Data

Distributed Processing Technology
Diverse Logistics

DTC Technology
Hi-Data

Infortrend

Laura Technologies

Lion

Lomas Data Products
Mylex

NEC

Perceptive Solutions
Raidtec

Seek Systems

TD Systems

Tricord Systems
UltraStor

Unbound

Vortex Computersysteme (ICP-Vortex)
Winchester Systems

Software arrays

1776, Inc.
AT&T Global Information Solutions
BuslLogic

Raid5Server, Multiserver
FTSA series

Triad

DataDock

RAIDSTOR series, MacRAID
RD5-1

MasCab-2, UCR-6000
ARRAYSERVER
Flashdisk 2, FlashCluster
7000 i

ZRS-3000

ADS/3000

PCI RAID
IDACO-2000
ADP-93, 93 series
Al-700

AREKA E-10F
DA2788, DA4988
IDA3500
CRD-5000
RAIDIX/IDE

47008

Model Z, Z9000
Smart Cache, DM 4000
Windjammer series
DTC 3199, 8200
SC-510, SC-550
[S-1000
PowerCache SC
RD35, RD351

LDP Cache IIP
DAC-960 series
OP-450 series
dataSHADOW, quickRAID
FlexArray, Ruac IX
Xcelerator
Omniserve 2, 3
Powerraid, ISS
124F, 144F
RAIDSTOR
GTD2000, GTD3000
Flashserver

76SC4A, 76SC34H
Disk Array Plus
Chantal 4.5 NW
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Software arrays (continued)

CLone Star Software
Conley

Consensys

Corel

Digital Equipment
FWB

IBM

Reflect, Alter Ego

SoftRAID

RAIDIX

Network Manager

HSDO05, Volume Shadowing 6.0
RAID ToolKit

OASAS | V2.0, Disk Array/2

Integra Technologies OASAS series
Nonstop Networks No-Stop Network
Perceptive Solutions quickSHADOW

Pro Engineering EZRAID

Solid Computer B5H, B5S

Storage Dimensions RaidMaster

Sun Microsystems Online: DiskSuite 1.0
TwinCom Dual Mirror, Network Mirror
Unitrol Data Protection Systems Immunity 2

Veritas Software VxVM, VxMirror
Zenith Data Systems OASYS |

This product group includes arrays intended primarily for use with networks,
minicomputers and multiuser systems. While mirrored disk implementations
have been available for many years, the group has seen an explosion of product
introductions of RAID-3 and RAID-5 arrays since the early pioneering efforts in
the mid-1980s. Arrays have originated with system manufacturers, disk drive
manufacturers, independent peripherals resellers and controller manufacturers,
network server manufacturers, software development firms, and startup compa-
nies founded for the sole purpose of producing disk drive arrays.

The complete subsystems included in this product group cover a broad
range of capabilities, from highly redundant fault tolerant superservers to small
arrays of 2.5" drives packaged in the form factor of a 5.25" drive. Most of the
subsystems are somewhere between these extremes, with a wide variation in
physical size, price and redundancy of critical components.

A strong majority of the complete subsystems in this product group offer
either RAID-3 or RAID-5 capability, or both -- and most of these were introduced
during the last two years. A very high share of array subsystems shipped until
now have been RAID-1 mirrored disk implementations. Many of the RAID-1
shipment leaders have offered RAID-1 subsystems on a captive basis with
midrange minicomputers, such as Digital Equipment, Tandem Computers and
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Stratus Computer, with superservers available from Auspex and NetFRAME, and
with plug compatible subsystems for the IBM AS/400 add-on market from EMC
and IPL.

A high percentage of the array board assemblies also now provide RAID-3
and/or RAID-5 capability. This report groups boards, array assemblies complete
with everything except disk drives, and all levels in between in the board assem-
bly product group. Customers for the board manufacturers typically include
computer system manufacturers and independent server manufacturers, which
assemble the completed array subsystem, plus sophisticated computer users
with a do-it-yourself urge. Array software is also typically purchased by the same
buyers. Although the majority of array software offerings are RAID-0/1 or RAID-1,
RAID-5 software is available from multiple vendors.

Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1993 1994 1995 1996 1997
U.S. manufacturers 2,4456 3,2440 47350 5956.3 7,305.0
All manufacturers 2,506.5 3,346.9 4,889.8 6,157.0 7,554.3

Still in its early growth period, the networks/minicomputer/multiuser market
for disk drive arrays increased from $1.2 billion in sales revenue in 1992 to $2.5
billion in 1993. More than 140 companies are now participating in this product
group -- a conservative estimate, in that it is difficult to be certain of the total
number of firms which sell array subsystems assembled with purchased control-
lers or software.

1993’s 194,041 array worldwide unit shipments represented 118% growth for
the product group, and 1994’s estimated shipments of 318,290 arrays will pro-
vide a further increase of 64%, bringing the shipment total for network/minicomp-
uter/multiuser arrays to 91.5% of the overall shipment total for all DISK/TREND
array product groups. Complete subsystems held 54.1% of the 1993 total for the
product group, but will drop to an estimated 47.3% of 1994 worldwide unit
shipments, as OEM sales of boards and board assemblies undergo a current
surge in shipments.
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Captive array subsystems continue to dominate this product group, and will
provide one third of the 1994 total worldwide shipments for the group and 71.2%
of the revenues. The revenue total would have been even higher, except for a
more rapid decline in average unit prices than previously expected. Strong
shipments by Compaqg Computer, Data General, IBM, Hewlett-Packard and
Digital Equipment, and established mirrored disk programs by Tandem Comput-
ers and Stratus Computer have all contributed to the high captive array ship-
ments. RAID-1 software products from Digital Equipment and Sun Microsystems
have also contributed to the growing captive total for unit shipments, but more
modestly to the captive revenue totals, due to lower average prices.

Although lower than previously expected, a major contribution to the product
group’s 1994 revenues will also be made by PCM/Reseller sales of complete
subsystems, which are expected to provide 64% of the group’s 1994 total world-
wide noncaptive array revenues, representing 29,975 individual array subsys-
tems. Most of the more than 35 companies active in this segment are providing
arrays for use with personal computer and UNIX workstation file servers, but a
few are active in the IBM AS/400 add-on market.

OEM/Integrator sales of boards and partial array assemblies to numerous
systems manufacturers and network server manufacturers are now available
from more than 17 manufacturers, several of which are currently enjoying rapidly
increasing board shipments, as numerous new assemblers of complete subsys-
tems enter the array business. OEM/Integrator worldwide board shipments grew
386.8% in 1993, with an increase of 122.3% forecasted for 1994, for a total of
83,550 boards.

Mylex expanded its lead in worldwide noncaptive unit shipments for the
networks/minicomputer/multiuser group in 1993, with 29.0% of the total, mostly
board assembilies. Integra Technologies was second with 6.6%, all software.
AT&T held 6.2%, mostly boards, but also including subsystems and software
(although it should be noted that AT&T’s presence in the industry is larger than
this figure would suggest due to the firm’s sale of array chip sets, which are not
counted as completed array products in this report). EMC was fourth with 5.5%,
all subsystems sold in the IBM AS/400 market.
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Figure

Networks/Minicomputer/Multiuser System Arrays

Worldwide Shipments by Array Type
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Marketing trends

During the 1995-97 period, worldwide revenues for all types of network/mini-
computer/multiuser arrays are forecasted to increase an average of 31.6%
annually, with the 1997 revenue total expected to reach $7.6 billion. Unit ship-
ments in 1997 are projected at 773,340, an average annual increase for the 1995-
97 period of 34.6%. The average revenue increase will be slightly lower due to
declining average unit prices.

The nature of the disk drive array business is expected to see several major
changes during the next three years. Complete subsystems and board assem-
blies will increase their share of the industry total, at the expense of software
products, as hardware array implementations continue to reduce costs. The
software products’ share of overall unit shipments is projected to decline from
20% in 1994 to 11.1% in 1997. Boards are expected to retain the surge in market
share being experienced in 1994, climbing from 1994’s 32.7% to 35.5% in 1997.
The 1997 product mix will contain a much higher percentage of RAID-5 and other
advanced array implementations than today, as the total disk storage required
for individual networks continually increases.

Although noncaptive shipments and revenues are expected to grow at a
faster rate than captive shipments and revenues in most product segments and
sales channels, captive revenues for complete subsystems are still projected to
provide 61.1% of the entire product group’s revenues in 1997. Several of the U.S
major system manufacturers undertook early subsystem development programs,
which have remained vigorous product development activities. The expected
result is forecasted 1997 shipments of 243,095 captive complete subsystems,
generating $4.6 billion in revenue.

Subsystem sales through the PCM/Reseller channel are growing faster than
captive sales, a trend expected to continue at least through 1997. PCM/Reseller
subsystem sales are forecasted at 118,880 for 1997, generating $1.7 billion in
worldwide revenue, boosted by intense competition among the numerous
manufacturers and resellers, combined with continuing product improvements.

OEM/Integrator unit shipments of complete subsystems are expected to
sustain the highest growth rate of all during the 1995-97 period, an average of
106.6% per year, culminating in 50,110 subsystems in 1997. OEM/Integrator
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shipments of boards and board assemblies will also maintain an excellent aver-
age growth rate during the 1995-97 period, at 39.3% per year, with 1997 sales
projected at 225,215 boards. Due to differences in average unit price, however,
subsystems are forecasted at $866 million in 1997 revenue, compared to $203
million for boards. OEM/Integrator growth for both product segments will be
fueled by the demand for arrays from system manufacturers and network server
manufacturers lacking the resources or time to develop their own arrays.

Although unit shipments of noncaptive software array products are expected
to continue their growth through 1997, the rate of growth will be modest, and
captive software arrays will decline. It is believed the typical end users will prefer
to acquire and use complete array product offers, to avoid the nuisance and
complexity of separately purchasing software, drives, cabinets, etc. Individual
software packages will continue to be most interesting to users who already have
computer systems using multiple disk drives.

Shipments of disk drive arrays for this product group are currently dominat-
ed by companies headquartered in the United States, which held 97.6% of 1993
worldwide revenues for all types of arrays. Although the number of non-U.S.
participants is expected to increase from today’s 21 companies (several with
operations mostly in the U.S.), the revenue share for U.S. companies is not
expected to decline significantly through 1997. The next three years will see
continuous improvements in disk array architecture, electronics, packaging and
marketing techniques -- all areas of strength for most of the U.S. companies
participating in development of the array market.

Technical trends

The possibilities that disk drive array functions may be embedded in future
operating systems or in chips mounted on system motherboards provide the
major area of uncertainty for today’s disk drive array manufacturers. Operating
systems that include array functions are not included in the DISK/TREND Report
shipment and revenue totals.

Limited array capabilities already have been included in some existing oper-
ating systems for minicomputers and mainframes by Digital Equipment and IBM.
These operating system options allow users to mirror disks available on a sys-
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tem, or as with Novell’s SFT Ill network system, to mirror complete file servers on
a network. It is considered likely that some of the new operating systems ex-
pected to appear during the next few years will contain disk array features.
However, their probable effect on the market for hardware based arrays and
separate software array packages is expected to be modest, and has been antic-
ipated in DISK/TREND Report forecasts.

Any software based array must use a portion of the processor’s capabilities
to perform its tasks, and in a heavily used system the penalty is an impact on
system performance. This is an insignificant factor in most single user systems,
but in the networks/minicomputer/multiuser market represented by this product
group it may be undesirable in many situations. Hardware based arrays will
continue to have the performance advantage.

The existing hardware based arrays are expected to benefit from a continu-
ous stream of improvements in architecture, to improve performance; in packag-
ing, through smaller disk drives and reduced chip sets; and in user conven-
ience, improved through internal software changes. The most pressing chal-
lenge, especially for manufacturers of RAID-5 arrays, will be to reduce price per
megabyte, in comparison to other storage alternatives.

Much of the future growth for RAID-5 in low-end configurations will depend
on better price comparisons with mirrored disk arrays. And larger RAID-5 arrays
must minimize their price disadvantage compared to individual disk drives, which
are becoming more reliable every month. As with other electronics industry
products, most of the contribution to lower costs will probably come from higher
shipment volume and new product designs which lower the hardware parts
count.

The impact on high-end network superservers will be higher capacity in
smaller cabinets, with steadily improving price per megabyte. Midrange arrays,
which today usually sacrifice some fault tolerance for lower price tags, will
combine higher reliability with even lower prices. The smallest arrays will be
offered in even smaller physical packages, with new disk drives and reduced
chip sets making possible complete arrays in the physical size of a typical 3.5"
disk drive.
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Forecasting assumptions

1. Networks for personal computer and workstation applications will continue
to grow at a high rate.

2. U.S. manufacturers will continue to dominate the worldwide array market,
due to aggressive product development and continuously changing
competitive conditions.

3. Complete subsystems and boards will achieve higher growth than soft-

ware array products by providing users with the convenience of complete
array subsystems and typically higher performance.
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TABLE 16
NETWORKS/MINI /MULTIUSER
REVENUE SUMMARY

------------ DISK DRIVE ARRAY REVENUES, BY SHIPMENT DESTINATION ($M)-------c-nvmmmmmnnn

1993 et Forecast----------rccmcmmmmme e
----Revenues---  ------ 1994----- ------ 1995----- ------ 1996-----  ------ 1997-----
U.S. Ww U.s. ww u.s. WwW U.s. WwW U.s. WwW
U.S. Manufacturers

Captive 976.1 2,023.6 1,231.5 2,467.8 1,768.0 3,426.1 2,138.3 4,030.4 2,509.9 4,645.6
PCM/Resel ler 256.5 356.8 395.3 573.9 577.7 863.1 814.7 1,237.6 1,098.3 1,694.6
OEM/ Integrator 50.2 65.2 126.5 202.3 281.6 445.8 449.0 688.3 658.2 964.8
TOTAL U.S. REVENUES 1,282.8 2,445.6 1,753.3 3,244.0 2,627.3 4,735.0 3,402.0 5,956.3 4,266.4 7,305.0

Non-U.S. Manufacturers
Captive -- 33.5 -- 41.5 3.3 52.0 5.6 60.4 8.8 66.4
PCM/Resel ler 4.7 8.6 6.0 13.9 11.3 30.4 21.1 50.3 34.4 72.9
OEM/ Integrator 9.3 18.8 24.6 47.5 39.2 72.4 52.3 90.0 68.5 110.0
TOTAL NON-U.S. REVENUES 14.0 60.9 30.6 102.9 53.8 154.8 79.0 200.7 111.7 249.3

Worldwide Recap

TOTAL WORLDWIDE REVENUES 1,266.8 2,506.5 1,783.9 3,346.9 2,681.1 4,889.8 3,481.0 6,157.0 4,378.1 7,554.3
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------------ DISK
1993
---Shipments---
Uu.s. Ww
U.S. Manufacturers
Captive 56,241 107,661
PCM/Resel ler 24,438 34,612
OEM/ Integrator 39,196 44,393
TOTAL U.S. SHIPMENTS 119,875 186,666
Non-U.S. Manufacturers
Captive -- 2,141
PCM/Resel ler 1,673 3,331
OEM/ Integrator 546 1,903
TOTAL NON-U.S. SHIPMENTS 2,219 7,375
Wor ldwide Recap
TOTAL WORLDWIDE SHIPMENTS 122,094 194,041

Cumulative Shipments (Units in thousands)

WORLDWIDE TOTAL 169

283

TABLE 17
NETWORKS/MINI/MULTIUSER
UNIT SHIPMENT SUMMARY

DRIVE ARRAY UNIT SHIPMENTS, BY SHIPMENT DESTINATION

DT61-14

------------------------------ Forecast----------ca-mrmmmmmmm e

------ 1994-----  ------1995-----  ------1996-----  ------1897-----

u.s. ww u.s. Ww u.s. ww u.s. ww
68,595 133,545 88,540 170,270 114,100 214,210 138,445 255,645
41,599 59,700 65,930 97,430 90,070 136,550 117,190 181,350
83,110 97,590 122,980 149,720 166,570 208,445 216,600 276,825
193,304 290,835 277,450 417,420 370,740 559,205 472,235 713,820
-- 2,665 350 3,330 500 3,830 720 4,210
2,700 7,285 4,285 11,680 6,210 16,420 8,200 20,360
11,450 17,505 14,455 23,800 17,525 30,070 20,560 34,950
14,150 27,455 19,090 38,810 24,235 50,320 29,570 59,520
207,454 318,290 296,540 456,230 394,975 609,525 501,805 773,340
376 601 673 1,057 1,068 1,667 1,570 2,440
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Captive
PCM/Resel ler
OEM/ Integrator

TOTAL U.S. REVENUES

NON-U.S. MANUFACTURERS

Captive
PCM/Resel ier
OEM/ Integrator

TOTAL NON-U.S. REVENUES

WORLDWIDE RECAP

Captive

PCM/Resel ler

OEM/ Integrator

Total Revenues

ANNUAL SHARE, BY TYPE

1,807.0
332.5
26.4

2,265.9

33.5
5.9

14.2

1,940.5
+142.7%

338.4
+33.3%

40.6
+82.9%

2,318.5
+115.7%

92.6%

1993
Revenues----------
Boards Software
5.4 111.2
20.0 4.3
37.1 1.7
62.5 117.2
1.7 1.0
4.6 --
6.3 1.0
5.4 111.2
+671.4% +5.6%
21.7 5.3
+161.4%  +488.9%
41.7 1.7
+195.7% +6.3%
68.8 118.2
+197.8% 49.
2.7% 4.7%

2,339.7
527 .1
122.2

2,989.0

41.5
9.1

34.8

2,381.2
+22.7%

536.2
+58.5%

157.0
+286.7%

3,074.4
+32.5%

TABLE 18
NETWORKS/MINI /MULT IUSER
WORLDWIDE REVENUES ($M)

BREAKDOWN BY ARRAY TYPE

c1994meemmeaas el 1995---
Boards Software Subsys.  Boards
1.2 126.89 3,334.3 1.3
40.3 6.5 802.7 51.1
77.4 2.7 324.7 116.7
118.9 136.1 4,461.7 169.1
.- .- 50.7 .3
3.4 1.4 18.6 9.8
10.6 2.1 59.5 11.0
14.0 3.5 128.8 21.2
1.2 126.9 3,385.0 1.6
-77.8% +14.1% +42.2% +33.3%
43.7 7.9 821.3 61.0
+101.4% +49.1% +53.2% +39.6%
88.0 4.8 384.2 127.7
+111.0%  +182.4% +144.7% +45. 1%
132.9 139.6 4,590.5 190.3
+93.2% +18.1% +49.3% +43.2%
4.0% 4.0% 94.0% 3.9%

Forecast
Software Subsys.
90.5 3,937.8
9.3 1,165.5
4.4 531.4
104.2 5,634.7
1.0 58.5
1.9 35.1
1.8 77.6
4.8 171.2
81.5 3,996.3
-27.9% +18.1%
1.2 1,200.6
+41.8% +46.2%
6.3 609.0
+31.3% +58.5%
108.0 5,805.9
-21.9% +26.5%
2.1% 94 .4%

Boards

1.3
63.1
153.0

217.4

13.2

10.6

1.8
+12.5%

76.3
+25.1%

163.6
+28.1%

241.7
+27.0%

3.9%

Software

91.3

S.0

3.9

104.2

1.4

2.0

1.8

5.2

92.7
+1.3%

5.7
-9.5%

109.4
+.4%

1.7%

4,563.1
1,614.9
770.3

6,938.3

64.0
56.5
96.0

216.5

4,617.1
+15.5%

1,671.4
+39.2%

7,154.8
+23.2%

94.8%

1.3

191.2

264.3

14.3
12.3

27.2

86.1
+12.8%

203.5
+24.4%

291.5
+20.6%

3.9%

91.2
7.9
3.3

102.4

1.7

5.6

93.0
+.3%

10.0
-9.1%

5.0
-12.3%

108.0
-1.3%

1.3%
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Captive

PCM/Resel ler

OEM/ {ntegrator

TOTAL U.S. SHIPMENTS
NON-U.S. MANUFACTURERS
Captive

PCM/Resel ler

OEM/ Integrator

TOTAL NON-U.S. SHIPMENTS

WORLDWIDE RECAP

PCM/Resel ler

OEM/ Integrator

Total Shipments

ANNUAL SHARE, BY TYPE

1993
......... Shipments
Subsys. Boards
82,161 1,900
18,602 9,190
1,348 35,870
102,111 46,960

2,141 .-
241 1,190
193 1,710
2,575 2,900
84,302 1,900
+116.8%  +645.1%
18,843 10,380
+71.8%  +204.9%
1,541 37,580
+140.0%  +386.8%
104,686 49,860
+107.3%  +338.2%
54.1% 25.7%

23,600
6,820
7,175

37.595

23,600
-2.9%

8,720
+606.1%

7,175
+344.3%

39,495
+45.5%

20.2%

111,295
29,570
5,810

146,675

2,665
405
375

3,445

113,960
+35.2%

29,975
+569.1%

6,185
+301.4%

150,120
+43.4%

47.3%

Boards

550
17,030
79,820

97,400

3,080
3,730

6,810

550
-71.1%

20,110
+93.7%

83,550
+122.3%

104,210
+109.0%

32.7%

TABLE 18

NETWORKS/MINT/MULT IUSER

WORLDWIDE SHIPMENTS (UNITS)

BREAKDOWN BY ARRAY TYPE

Software

21,700
13,100
11,960

46,760

3,800
13,400

17,200

21,700
-8.1%

16,900
+93.8%

25,360
+253.4%

63,960
+61.9%

20.0%

151,560
48,650
15,460

215,670

2,980
930
1,700

5,610

154,540
+35.6%

49,580
+65.4%

17,160
+177.4%

221,280
+47 .4%

48.6%

Boards

610
25,530
116,680

142,820

150
5,230
6,900

12,280

760
+38.2%

30,760
+53.0%

123,580
+47.9%

156,100
+48.8%

34.0%

Forecast
Software Subsys

18,100 196,890
23,250 77,700
17.580 27,970
58,830 302,560
200 3,250
5,520 1,950
15,200 3,100
20,920 8,300
18,300 200,140
-15.7% +29.5%
28,770 79,650
+70.2% +60.6%
32,780 31,070
+29.3% +81.1%
79,850 310,860
+24 .8% +40.5%
17.4% 51.1%

720
33,200
161,125

185,045

300
7,320
10,670

18,290

40,520
+31.7%

171,795
+39.0%

213,335
+37.5%

35.0%

16,600
25,650
18,350

61,8600

280
7,150
16,300

23,730

16,880
-7.8%

32,800
+14.0%

13.9%

239,635
115,350
45,310

400,295

3,460
3,530
4,800

11,790

243,095
+21.5%

118,880
+49.3%

50,110
+61.3%

412,085
+32.6%

53.4%

Boards

810
39,870
212,415

253,095

420
8,410
12,800

21,630

1,230
+20.6%

48,280
+19.2%

225,215
+31.1%

274,725
+28.8%

35.5%

Software

15,200
26,130
18,100

60,430

330
8,420
17,350

26,100

15,630
-8.0%

34,550
+5.3%

36,450
+2.2%

86,530
+1.4%

11.1%
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TABLE 20
NETWORKS/MINI /MULT IUSER
WORLDWIDE PRICE PER UNIT ($)

ARRAY TYPE e Forecast-------=vvmmmmmmmmmeaeeeee
------------------- 1993-----  ------1994-----  ------1905-----  ------1996----- ------1897-----
Captive
Subsystems 23,018 20,894 21,903 19,967 18,992
Boards 2,800 2,200 1,980 1,765 1,545
Software 4,713 5,845 4,996 5,496 5,993
Captive Average 18,734 18,421 20,034 13,980 14,076

PCM/Resel ler

Subsystems 17,957 17,888 16,565 15,073 14,059
Boards 2,085 2,169 1,982 1,881 1,782
Software 604 469 388 336 287
PCM/Resel ler Average 9,627 8,774 8,188 8,419 8,762

OEM/ Integrator

Subsystems 26,353 25,384 22,386 19,598 17,287
Boards 1,106 1,053 1,033 952 904
Software 237 191 189 158 136
OEM/ Integrator Average 1,811 2,171 2,985 4,430 4,326

Note: Price per unit calculations represent estimated total sales revenues for
each product type by the total yearly shipped quantity of all units of that type.
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TABLE 21
NETWORKS/MINI /MULT IUSER

MARKET SHARE SUMMARY
Worldwide Shipments of Noncaptive Disk Drive Arrays

1993 Net Shipments

To United States

Destinations Wor Idwide

S tnits nits %

Drive Manufacturers é&éé;éjééé;é;-é&%ié;é-+8;;i ----- é&g;;é?é;;;é;-éé%;Q;é-%éi;I _____
My lex 50 22,000 -- 22,060 33.5 50 24,400 -- 24,450 29.0
Integra Technologies -- -- 5,600 5,600 8.5 -- -- 5,600 5,600 6.6
AT&T 18 4,845 100 4,963 7.5 18 5,100 100 5,218 6.2
EMC 3,270 -- -- 3,270 5.0 4,670 -- -- 4,670 5.5
Ultrastor -- 1,665 -- 1,665 2.5 -- 2,880 -- 2,880 3.4
Micropolis 1,960 - -- 1,960 3.0 2,800 -- -- 2,800 3.3
Other U.S. 8,681 9,195 6,250 24,126 36.6 12,412 12,680 8,295 33,387 39.8
Other Non-U.S. 224 485 1,500 2,219 3.4 434 2,900 1,900 5,234 6.2

TOTAL 14,203 38,200 13,450 65,853 100.0 20,384 47,960 15,895 84,239 100.0
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ARRAYS: MAINFRAME SYSTEMS

Coverage
Examples of disk drive arrays in this group include:

Complete subsystems, with disk drives

Control Data Systems 5830

EMC Symmetrix series
Hitachi Data Systems 7600

Macro Computer Products Macro-RAID 7
Storage Technology Iceberg, Nordique
Unisys M9760, USR 3000

All disk drive arrays intended primarily for use with mainframe computer
systems are included in this product group. Operating systems that include
array functions, such as the ability to mirror individual disk volumes, are not
included in this report or counted in the statistics, but array software sold as add-
on products are recognized in the report. The earliest activity in the group was
represented by the Control Data Systems shipments of its early RAID-3 disk drive
array in 1989.

EMC’s shipments of the firm’s Symmetrix series of subsystems with RAID-1
mirrored disk capability for the IBM mainframe plug compatible market have
been the dominant products in the group to date, supplemented in mid-1993
with Hitachi Data Systems’ 7600 subsystem with RAID-1 capability. However, it is
clear that Storage Technology’s Iceberg was the winner in the first round of
public relations campaigns for mainframe disk drive arrays -- which has been all
the more embarrassing for STC with each announcement of further shipment
delays. The current estimate for Iceberg’s first commercial shipment is sometime
in the second quarter of 1994,

The company not named in the above list of announced array products is
IBM. Although IBM has introduced several arrays for personal computer and
workstation networks, office minicomputers and very high performance applica-
tions, the company hasn’t yet made its move in the mainframe array market.
However, after several delays, IBM is expected to announce at least two disk
drive arrays for mainframe applications by the Autumn of 1994, utilizing 4.3
gigabyte 3.5" drives from its new Starfire series.
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Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1993 1994 1995 1996 1997

U.S. manufacturers 648.0 1,267.0 26537 4,031.6 4,444.7
All manufacturers 867.4 1,629.3 3,039.7 4,640.2 5,261.1

EMC'’s success with the Symmetrix subsystem providing RAID-1 mirrored
disk capability is the principal reason for the substantial revenue levels achieved
so far in this product group. Boosted by EMC’s extremely strong performance in
1993, the worldwide overall revenue total for that year jumped 233.5%, to $867.4
million. It should be noted that the disk storage subsystems shipped to date by
both EMC and Hitachi Data Systems have the capability to operate in RAID-1
mode and are therefore included in DISK/TREND Report array totals, but are not
necessarily continually operated as arrays.

2,025 array subsystems for mainframe applications were shipped in 1993,
and a 1994 increase of 49.9% is forecasted, to 3,035 units. The 1993 revenue
total was swollen by the high average unit price for PCM/Reseller subsystems in
this product group, over $450,000 in 1993, climbing to an estimated $517,500 in
1994.

Complete subsystems are the only type of arrays which have been shipped
in this product group. Mainframe users are not likely to constitute a market for
board level arrays, nor have individual software array products been sold in sig-
nificant quantities.

The expectation of imminent availability of major new array products has
overhung this product group for the last few years. Storage Technology’s very
well promoted and long delayed Iceberg array has finally reached a pre-
reannouncement stage in which several subsystems are in use by customers,
with an announcement of the commencement of revenue shipments expected
soon. Since the Iceberg is expected to provide part of its operating cost-effec-
tiveness with built-in data compression, IBM’s system data compression may
obviate part of the Iceberg’s price per megabyte story. Nevertheless, the Ice-
berg is expected to retain enough sales appeal to provide an attractive market,
especially with no comparable arrays yet in the market.
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Figure 8

Mainframe System Arrays
Worldwide Shipments by Array Type

Units (000)

7

Subsystems

1993 1994 1995 1996 1997
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However, DISK/TREND shipment estimates also assume that IBM’s long-
expected mainframe arrays will be available in 1994. These arrays are expected
to utilize IBM’s existing 3990 and 9340 series of controllers, so the firm’s custom-
ers will be able to migrate to the new disk arrays with a minimum of complica-
tions, even though this generation of IBM arrays might not be as cost-effective as
a complete new design could have been. The projected $142.6 million in 1994
revenue for IBM’s mainframe arrays is, of course, dependent on when IBM actual-
ly starts shipments. We're currently assuming late third quarter.

DISK/TREND estimates for 1993 noncaptive unit shipments indicate EMC
held 69.1% of the worldwide total, followed by Hitachi Data Systems with 28.9%.
Although most of the array subsystems in this group have been shipped in the
plug compatible add-on market, an OEM market has also come into existence,
and EMC has announced OEM contracts with both Unisys and Groupe Bull.

Marketing trends

IBM’s entry into the mainframe array market will easily be the most significant
development in this product group. If IBM starts shipments in the second half of
1994, as expected, the outlook for 1995 total revenue for the product group will
be high. An 86.6% boost in 1995 revenue is forecasted, to over $3 billion, with
the 1997 total projected at $5.3 billion.

By 1997, the overall average price will rise to over $795,000 per array unit,
driven up by increased captive shipments at higher average prices and by the
larger storage capacity of expected new high-end models. These price levels will
make it possible to achieve the expected $5.3 billion in 1997 revenue with ship-
ments of only 6,615 arrays, of which IBM is forecasted to ship 2,850.

Storage Technology’s Iceberg was the first announced RAID-5 array subsy-
tem intended for the mainframe market, and it is expected that some of the other
arrays from independent peripherals suppliers for mainframe applications to be
introduced during the next few years will also utilize RAID-5 implementations
optimized to overcome the normal write latency problems associated with that
type of array. Although the mirrored disk configurations which have dominated
mainframe applications so far are probably not going to decline in shipments,
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much of the future growth will probably go to enhanced RAID-5 arrays, because
of the outlook for lower price per megabyte.

Technical trends

For the most part, add-on data storage peripherals in the mainframe market
must exist within the limitations defined by IBM for channels, operating systems,
disk controllers and storage architecture. IBM’s mainframes provide the principal
PCM market, and many of today’s competitive mainframe computers use storage
devices compatible with IBM’s own subsystems. Anything new IBM does in the
area affects everything in the competitive product offering.

For these reasons, much of the product development planning by independ-
ent peripherals suppliers will be affected by the details of IBM’s eventual main-
frame array product line. Which array type(s) will be offered? What will be the
interrelationship with data compression at the system level? How soon will exist-
ing types of disk controllers be replaced with something new? What will be the
relationship to IBM’s System Managed Storage programs?

Until the answers to these questions and others are known, the long-term
patterns for the development of disk drive array technology for mainframe appli-
cations are uncertain.

Forecasting assumptions

1. IBM will introduce arrays utilizing 3990 and 9340 controllers, with en-
hanced RAID-1/5 capability, for use with multiple mainframe models in
third quarter, 1994.

2. lceberg will start commercial shipments at modest levels in second quar-
ter, 1994.

3. Non-U.S. manufacturers will initiate shipments in 1995 of enhanced RAID-5
array subsystems for captive mainframe applications and for IBM compat-
ible PCM markets.
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TABLE 22
MA INFRAMES
REVENUE SUMMARY

------------ DISK DRIVE ARRAY REVENUES, BY SHIPMENT DESTINATION ($M)--------v-evennunnn

1993 s Forecast------==---v-mrommmmomoaaaonnan
----Revenues---  ------ 1994----- ------ 1995-----  ------ 1996-----  ------ 1997-----
u.s. ww u.s. Ww u.s. ww u.s. Www u.s. Ww

U.S. Manufacturers
Captive -- -- 99.8 142.6 854.9 1,256.6 1,576.3 2,425.1 1,646.1 2,650.5
PCM/Resel ler 359.7 556.5 695.0 1,041.9 861.0 1,316.0 990.0 1,522.5 1,113.9 1,706.4
OEM/ Integrator 59.4 91.5 53.7 82.5 51.8 81.1 54.6 84.0 56.6 87.8
TOTAL U.S. REVENUES 419.1 648.0 848.5 1,267.0 1,767.7 2,653.7 2,620.9 4,031.6 2,816.6 4,444.7
Non-U.S. Manufacturers
Captive -- -- -- -- -- 14.0 -- 25.5 -- 35.1
PCM/Resel ler 127.5 219.4 217.0 362.3 224.0 372.0 349.3 583.1 468.8 781.3
OEM/ Integrator -- -- -- -- -- -- -- -- -- --
TOTAL NON-U.S. REVENUES 127.5 219.4 217.0 362.3 224.0 386.0 349.3 608.6 468.8 816.4
Wor ldwide Recap
TOTAL WORLDWIDE REVENUES 546.6 867.4 1,065.5 1,629.3 1,991.7 3,039.7 2,970.2 4,640.2 3,285.4 5,261.1
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U.S. Manufacturers

Captive
PCM/Resel ler

OEM/ Integrator

TOTAL U.S. SHIPMENTS

Non-U.S. Manufacturers

Captive
PCM/Resel ler

OEM/ Integrator

TOTAL NON-U.S. SHIPMENTS

Worldwide Recap

TOTAL WORLDWIDE SHIPMENTS

Cumulative Shipments (Units

WORLDWIDE TOTAL

------------ DISK DRIVE ARRAY UNIT SHIPMENTS, BY SHIPMENT DESTINATION

1993

---Shipments---

u.s. W
721 1,129
202 3N
923 1,440
340 585
340 585
1,263 2,025

in thousands)

2 3

TABLE 23

MA INFRAMES

UNIT SHIPMENT SUMMARY

105
1,104
112

1,321

1,941

150
1,678
172

2,000

3,085

830
1,230
115

2,175

2,735
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Forecast
----------- 1996
WwW U.S.
1,220 1,625
1,880 1,320
180 130
3,280 3,075
40 --
930 635
970 635
4,250 3,710
10 10

2,500
2,030
200

4,730

85

1,060

1,145

5,875

16
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1,770
1,410
145

3,325

4,075

14

2,850
2,160
225

5,235

130

1,250

1,380

23
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U.S. MANUFACTURERS

Captive

PCM/Resel ler

OEM/ Integrator

TOTAL U.S. REVENUES
NON-U.S. MANUFACTURERS
Captive

PCM/Resel ler

TOTAL NON-U.S. REVENUES

WORLDWIDE RECAP

Captive

PCM/Resel ler

OEM/ Integrator

Total Revenues

ANNUAL SHARE, BY TYPE

TABLE 24
MAINFRAMES

WORLDWIDE REVENUES ($M)
BREAKDOWN BY ARRAY TYPE

1993
Revenues
Subsys.

556.5
91.5
648.0

219.4
219.4

775.9
+254 . 9%

91.5
+122.1%

867.4
+233.9%

100.0%

--1994- -
Subsys.

142.6
1,041.9

82.5
1,267.0

362.3
362.3

142.6

1,404.2
+81.0%

82.5
-9.8%

1,629.3
+87.8%

100.0%

-------- Forecast---------
--1995-- --1996- -
Subsys Subsys.
1,256.6 2,425 .1
1,316.0 1,522.5

81.1 84.0
2,653.7 4,031.6
14.0 25.5
372.0 583.1
386.0 608.6
1,270.6 2,450.6
+791.0% +92.9%
1,688.0 2,105.6
+20.2% +24.7%
81.1 84.0
-1.7% +3.6%
3,039.7 4,640.2
+86.6% +52.7%
100.0% 100.0%

--1997--
Subsys.

2,650.5
1,706.4

87.8
4,444 .7

35.1
781.3
816.4

2,685.6
+9.6%

2,487.7
+18.1%

87.8
+4.5%

5,261.1
+13.4%

100.0%
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TABLE 25
MAINFRAMES
WORLDWIDE SHIPMENTS (UNITS)
BREAKDOWN BY ARRAY TYPE

1993 ceeeeeeieaaeooaos Forecast-------------------
Shipments --1994-- --1995- - --1996-- --1997--
Subsys. Subsys. Subsys. Subsys. Subsys.
U.S. MANUFACTURERS
Captive -- 150 1,220 2,500 2,850
PCM/Resel ler 1,129 1,678 1,880 2,030 2,160
OEM/ Integrator 31 172 180 200 225
TOTAL U.S. SHIPMENTS 1,440 2,000 3,280 4,730 5,235
NON-U.S. MANUFACTURERS
Captive -- -- 40 85 130
PCM/Resel ler 585 1,035 930 1,060 1,250
TOTAL NON-U.S. SHIPMENTS 585 1,035 970 1,145 1,380
WORLDWIDE RECAP
Captive -- 150 1,260 2,585 2,980
-- -- +740.0% +105.2% +15.3%
PCM/Resel ler 1,714 2,713 2,810 3,090 3,410
+89.0% +58.3% +3.6% +10.0% +10.4%
OEM/ Integrator 311 172 180 200 225
-8.8% -44.7% +4.7% +11.1% +12.5%
Total Shipments 2,025 3,035 4,250 5,875 6,615
+62.3% +49.9% +40.0% +38.2% +12.6%
ANNUAL SHARE, BY TYPE 100.0% 100.0% 100.0% 100.0% 100.0%
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ARRAY TYPE

Subsystems
Boards

Software

Captive Average

PCM/Resel ler

Subsystems
Boards

Software

PCM/Resel ler Average

OEM/ Integrator

Subsystems
Boards

Software

OEM/ Integrator Average

294.0

TABLE 26
MAINFRAMES
WORLDWIDE PRICE PER UNIT ($00Q0)

...... 1994-----  ------1995
950.0 1,008.4
95;j0 1.00;j4
517.5 600.7
51;5 60;7
479.4 450.0
47;j4 45;j0

420.0

Note: Price per unit calculations represent estimated total sales revenues for
each product type by the total yearly shipped quantity of all units of that type.
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TABLE 27
MAINFRAMES

MARKET SHARE SUMMARY
Wor ldwide Shipments of Noncaptive Disk Drive Arrays

1993 Net Shipments

To United States

Destinations Wor ldwide

S Units s Units %

Drive Manufacturers ~Subsys Boards Softwre Total Subsys.Boards Softwre Total
EMC 909 -- -- 909 72.0 1,399 -- -- 1,399 69.1
Hitachi Data Systems 340 -- -- 340 26.9 585 -- -- 585 28.9
Other U.S. 14 -- - - 14 1.1 41 -- -- 41 2.0
Other Non-U.S. -- -- -- -- -- -- -- -- -- --
TOTAL 1,263 .- .- 1,263 100.0 2,025  -- -~ 2,025 1000
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ARRAYS: VERY HIGH PERFORMANCE SYSTEMS

Coverage
Examples of disk drive arrays in this group include:

Complete subsystems, with disk drives

Ciprico AS6700, AS6710

Convex Computer DAR-004, DAR-007

Cray Research DA-60, DA-62, ND-14

Encore Computer Infinity

Fujitsu K6490

General Microsystems PD/A440

IBM 9570 series

MasPar Computer DA-4116A, DA-4124A
Maximum Strategy Gen 4SL, HIPPI-S2

Storage Concepts Concept 151, Concept 71 FCS

Thinking Machines CM-5

Arrays offered for use with very high performance computer systems include
complete disk drive subsystems, now the dominant array type in this product
group, plus arrays sold as board assemblies, which may include cabinets and
other components.

The majority of arrays in this product group are provided on a captive basis
by supercomputer manufacturers, and the majority of those arrays are currently
RAID-3 complete subsystems. However, four companies with arrays in this
product group also offer RAID-5 configurations. The firm with the most impres-
sive array specification is Thinking Machines, the massively parallel supercom-
puter manufacturer which pioneered the disk drive array configuration which
became known as RAID-2. In late 1992, however, Thinking Machines replaced
the old array with a new model -- a RAID-3 array with the theoretical capability to
attach 3,072 3.5" drives, for a total available capacity of 3.2 terabytes.

In addition to the arrays offered by supercomputer manufacturers, a few
independent array manufacturers offer RAID-3 subsystems which are sold on an
OEM basis to manufacturers of specialized very high performance systems and
storage subsystems used in a variety of high-end technical workstation and
imaging applications.

1994 DISK/TREND REPORT
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Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1993 1994 1995 1996 1997

U.S. manufacturers 427 39.2 65.9 97.6 126.9
All manufacturers 44.8 41.3 68.8 101.3 131.9

The current movement to lower cost 3.5" drives has caused a drop in pro-
jected 1994 revenues for U.S. captive subsystem arrays used with very high
performance systems, holding down overall revenues for the product group.
Captive array revenues dominated the 1993 worldwide revenue total for all
market channels, which reached $44.8 million, up 150.3% over the previous year.
However, 1994 total revenues are expected to be depressed by lower average
prices for captive subsystems. 1994 revenues for the product group are esti-
mated at $41.3 million, down 7.8%, despite an expected 57.3% increase in 1994
array unit shipments.

Although there are a few OEM shipments of board-level array controllers for
use with very high performance systems, 97.7% of 1994 revenues, and 96.3% of
1994 shipments, are expected to be generated by complete array subsystems.
Subsystem shipments in 1993 were boosted by new captive subsystems intro-
duced by Cray Research, Thinking Machines and Encore Computer at the end of
1992. Despite the dip in 1994 total revenues caused by declining average unit
prices of complete array subsystems, shipments continue to grow, from 487
array units in 1993 to an estimated 766 in 1994. Most of the arrays offered in this
product group are RAID-3 types, reflecting the supercomputer market’s require-
ment for very high data transfer rates, but some of the newer introductions also
include RAID-5 models.

Ciprico’s share of noncaptive unit shipments moved up to 48.2% of the
worldwide total in 1993, composed entirely of subsystems, followed by Storage
Concepts, with 32.5%.

Marketing trends

Total revenues for this product group are projected to grow during the 1995-
97 period at an average annual increase of 48.7%, reaching $131.9 million in
1997, barely 1% of the overall revenues for all disk drive array product groups.
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Figure 9

Very High Performance System Arrays
Worldwide Shipments by Array Type
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Although supercomputers, the principal market for arrays in this product group,
are expected to have only modest growth potential during the next few years,
overall shipments are expected to more than double by 1997, to 1,780 units, as a
higher share of supercomputer disk storage moves to array configurations and
as specialized video and imaging servers realize shipment growth.

Complete subsystems are expected to continue their dominance of ship-
ments in this product group. Captive subsystems, predominantly for use with
supercomputers, are projected to resume a pattern of annual growth in the 1995-
97 period, but unit shipments for the period are expected to increase at a modest
13.1% average annual rate.

Shipments of noncaptive subsystems have already established a faster
growth rate than captive subsystems, driven by the OEM/Integrator market
channel. OEM/Integrator shipment growth is being driven by demand from
massively parallel computer manufacturers and specialized storage subsystem
manufacturers, with continued increases expected. By 1997, it is projected that
noncaptive shipments will provide 78.2% of the worldwide subsystem total. ltis
expected that OEM/Integrator shipments of board assemblies will continue to
grow gradually, responding to continuing demand from specialized workstation
and imaging markets, plus small supercomputer manufacturers.

Technical trends

Several leading supercomputer companies introduced high-end RAID-3
arrays in late 1992, driven by the need for storage subsystem architectures which
can sustain high data transfer rates. For these applications, there is no question
that transfer rate is the key requirement, and the ability of RAID-3 array configura-
tions to meet that requirement will keep them in the lead.

For supercomputer and other applications, however, there is enough
demand for multimode arrays capable of operating in various combinations of
RAID-0, RAID-1, RAID-3 and RAID-5 to justify products with these capabilities. A
few manufacturers already offer arrays which include RAID-5 capability and more
are likely to follow. Although RAID-5 arrays in other product groups are usually
designed for a balanced combination of fault tolerance, high transaction rates
and data rates usable on personal computer and workstation networks, there is
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no reason why array designs cannot provide the higher transfer rates needed by
very high performance systems. In fact, the Maximum Strategies RAID-0/1/3/5
Gen 4XL has a host transfer rate specified at 90 megabytes per second.

It is believed that most of the improvements in arrays used with very high
performance systems through 1997 will involve gradual refinements made possi-
ble by improved components. Reduced count chip sets and semiconductors
with higher data rates will help with both packaging, costs and performance. 3.5"
disk drives with ever-higher capacities, improved performance and lower cost
per megabyte will also provide gains in packaging, costs and performance.

Forecasting assumptions

1. RAID-3 implementations will remain the dominant type of array for very
high performance systems, supplemented by growth for RAID-5 arrays
with high data rates.

2. Traditional supercomputers will remain the core application for arrays in
this product group, supplemented by massively parallel computers and
video/image servers.

3. Complete array subsystems will continue to dominate shipments in this
product group.
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TABLE 28
VERY HIGH PERFORMANCE
REVENUE SUMMARY

------------ DISK DRIVE ARRAY REVENUES, BY SHIPMENT DESTINATION ($M)-------nnnnnnnnnn-

1993 e Forecast-----------mmmmmmme i
----Revenues---  ------ 1994----- ------ 1995-----  ------ 1996-----  ------ 1997-----
u.s. ww u.s. Ww u.s. ww Uu.s. ww u.s. ww

U.S. Manufacturers
Captive 17.7 26.9 9.6 14.7 16.0 24.0 19.0 28.5 21.0 32.0
PCM/Resel ler 6.5 7.5 8.8 12.2 12.5 17.5 18.0 25.0 23.0 32.2
OEM/ Integrator 6.8 8.3 10.5 12.3 19.4 24.4 35.2 44 1 50.1 62.7
TOTAL U.S. REVENUES 31.0 42.7 28.9 39.2 47.9 65.9 72.2 97.6 94 .1 126.9
Non-U.S. Manufacturers
Captive -- 2.1 -- 2.1 -- 2.5 -- 2.7 -- 2.9
PCM/Resel ler -- -- -- -- -- -- -- -- -- --
OEM/ Integrator -- -- -- -- .2 .4 .6 1.0 1.3 2.1
TOTAL NON-U.S. REVENUES -- 2.1 -- 2.1 .2 2.9 .6 3.7 1.3 5.0
Wor Idwide Recap
TOTAL WORLDWIDE REVENUES 31.0 44.8 28.9 41.3 48.1 68.8 72.8 101.3 95.4 131.9
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TABLE 29
VERY HIGH PERFORMANCE

UNIT SHIPMENT SUMMARY

------------ DISK DRIVE ARRAY UNIT SHIPMENTS, BY SHIPMENT DESTINATION ------cmvnvmonenn-
1993 e Forecast-------------ccmccmmmommna
---Shipments---  ------ 1994-----  ------ 1995-----  ------ 1996-----  ------ 1997-----
u.s. WwW u.s. W u.s. Ww U.S. WW u.s. Ww
U.S. Manufacturers
Captive 106 165 137 224 160 240 190 285 210 320
PCM/Resel er 50 68 60 90 75 105 90 125 100 140
OEM/ Integrator 190 243 361 450 545 690 770 975 970 1,230
TOTAL U.S. SHIPMENTS 346 476 558 764 780 1,035 1,050 1,385 1,280 1,690
Non-U.S. Manufacturers
Captive -- 30 -- 32 -- 40 -- 45 - 50
PCM/Resel ler -- -- -- - -- -- -- -- -- --
OEM/ Integrator -- -- - 5 10 15 25 25 40
TOTAL NON-U.S. SHIPMENTS -- 30 -- 32 5 50 15 70 25 90
Worldwide Recap
TOTAL WORLDWIDE SHIPMENTS 346 506 558 796 785 1,085 1,085 1,455 1,305 1,780
Cumulative Shipments (Single units)
WORLDWIDE TOTAL 570 770 1,128 1,566 1,913 2,651 2,978 4,106 4,283 5,886
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U.S. MANUFACTURERS

Captive

PCM/Resel ler

OEM/ Integrator

TOTAL U.S. REVENUES
NON-U.S. MANUFACTURERS
Captive

OEM/ Integrator

TOTAL NON-U.S. REVENUES

WORLDWIDE RECAP

Captive

PCM/Resel ler

OEM/ Integrator

Total Revenues

ANNUAL SHARE, BY TYPE

1993
----- Revenues- - - - -
Subsys. Boards

26.9 --
7.5 --
6.5 1.8

40.9 1.8

2.1 --

2.1 --

29.0 --
+353.1% -~

7.5 --

6.5 1.8
+41.3% -73.9%

43.0 1.8
+290.9% -73.9%

96.1% 3.9%

TABLE 30
VERY HIGH PERFO
WORLDWIDE REVENUI

RMANCE
ES (§M)

BREAKDOWN BY ARRAY TYPE

14.7 -
12.2 --
11.3 1.0
38.2 1.0

2.1 --

2.1 --

16.8 .-
-42.1% -

12.2 --
+62.7% --

11.3 1.0
+73.8% -44 .4%

40.3 1.0
-6.3% -44.4%

97.7% 2.3%

---------------- Forecast
------ 1995------- -------1996-------
Subsys. Boards Subsys.  Boards
24.0 -- 28.5 --
17.5 -- 25.0 --
24.2 .2 43.7
65.7 97.2
2.5 -- 2.7 --
.4 -- 1.0 --
2.9 -- 3.7 --
26.5 -- 31.2 --
+57.7% -- +17.7% --
17.5 -- 25.0 --
+43.4% -- +42.9% --
24.6 .2 44.7 .4
+117.7% -80.0% +81.7%  +100.0%
68.6 .2 100.9 .4
+70.2% -80.0% +47.1%  +100.0%
99.8% .2% 99.7% .3%

32.0 --
32.2 --
62.1 .6
126.3

2.9 --
2.1 --
5.0 --

34.9 --
+11.9% --

32.2 --
+28.8% --

64.2 .6
+43.6% +50.0%

131.3

.6
+30.1% +50.0%

99.6% 4%
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1993
----Shipments-----
Subsys. Boards
U.S. MANUFACTURERS
Captive 165 --
PCM/Resel ler 68 --
OEM/ Integrator 224 19
TOTAL U.S. SHIPMENTS 457 19
NON-U.S. MANUFACTURERS
Captive 30 .
OEM/ Integrator -- --
TOTAL NON-U.S. SHIPMENTS 30 --
WORLDWIDE RECAP
Captive 195 --
+290.0% --
PCM/Resel ler 68 --
OEM/ Integrator 224 19
+138.3% -84.2%
Total Shipments 487 19
+238.2% -84.2%
ANNUAL SHARE, BY TYPE 96.3% 3.7%

TABLE 31
VERY HIGH PERFORMANCE
WORLDWIDE SHIPMENTS (UNITS)
BREAKDOWN BY ARRAY TYPE

———————————————————————————————————————— Forecast

——————— 1994------- -------1995------- Seeee--
Subsys.  Boards Subsys.  Boards Subsys.
224 -- 240 -- 285
90 -- 105 -- 125
420 30 670 20 930
734 30 1,015 20 1,340
32 -- 40 -- 45
-- -~ 10 -- 25
32 -~ 50 -- 70
256 -- 280 -- 330
+31.3% -- +9.4% -- +17.9%
90 -- 105 -- 125
+32.4% -- +16.7% -- +19.0%
420 30 680 20 955
+87.5% +57.9% +61.9% -33.3% +40.4%
766 30 1,065 20 1,410
+57.3% +57 .9% +39.0% -33.3% +32.4%
96.3% 3.7% 98.3% 1.7% 97.0%

45
+125.0%

45
+125.0%

3.0%

320

140
1,150
1,610

50
40
90

370
+12.1%

140
+12.0%
1,190

+24.6%

1,700
+20.6%

95.6%

80
+77 .8%

80
+77.8%

4.4%
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ARRAY TYPE

Subsystems
Boards

Software

Captive Average

PCM/Resel ler

Subsystems
Boards

Software

PCM/Rese | ler Average

OEM/ Integrator

Subsystems
Boards

Software

OEM/ Integrator Average

Note:

28.9

93.0

33.9

TABLE 32
VERY HIGH PERFORMANCE
WORLDWIDE PRICE PER UNIT ($000)

------ 1994-----  ------1995
65.7 94.7
65.7 9.7
135.5 166.5
135.5 166.5
26.8 35.9
35.3 10.0
27.4 35.1

46.8

8.0

45.0

Price per unit calculations represent estimated total sales revenues for

each product type by the total yearly shipped quantity of all units of that type.
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Drive Manufacturers

Ciprico

Storage Concepts
Other U.S.

Other Non-U.S.

TOTAL

TABLE 33
VERY HIGH PERFORMANCE

MARKET SHARE SUMMARY
Wor ldwide Shipments of Noncaptive Disk Drive Arrays

1993 Net Shipments

To United States

Destinations Wor Idwide
Units % Units %
Subsys.Boards Softwre Total Subsys .Boards Softwre Total
120 -- -- 120 50.0 150 -- -- 150 48.2
60 -- -- 80 25.0 101 -- -- 101 32.5
41 19 -- 60 25.0 41 19 -- 60 19.3
221 19 -- 240 100.0 292 19 -- 311 100.0
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DISK DRIVE ARRAY SPECIFICATIONS

Coverage

This section includes most disk drive arrays produced by the original manu-
facturer of the array controller or software, which are now in new production or
announced, arranged alphabetically by manufacturer. In a few cases, products
are listed for which only preliminary announcements have been made because
these are considered significant indicators of industry direction. Specifications
are based upon data provided by manufacturers and are subject to change.

Also included, for identification purposes, are specifications on many array
models purchased on an OEM basis from others or assembled with purchased
controllers, software and other components, and resold by computer system
manufacturers, storage subsystem manufacturers or distributors. Also included
are many plug compatible arrays sold by major mainframe and midrange system
PCM vendors, but which are manufactured by other firms. Not listed in some
cases are captive arrays which are similar to OEM/Integrator models made by
the same manufacturer.

Array type

Arrays are classified into three product types. Only products specifically
intended to permit disk drives to operate as an array are included:
Subsystem: Complete array subsystems including disk drives.
Board: Controllers, or array subassemblies without drives.
Software: Implemented as program code executing in a host system.

Host platform and environment

The host platform is the equipment to which the array is capable of being
attached. Environment refers to the operating systems and network software
with which the array is compatible and supported. If the array will connect to any
host system offering a SCSI port, platform is indicated as "SCSI host". Where the
array can be connected to the large number of IBM PC compatible computers
available, "PC compatible" is indicated.
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RAID level

All Berkeley RAID levels supported by the array are given. If the manufactur-
er has used a non-Berkeley designation, it is indicated in quotes. Also shown is
the manner in which the RAID mode is selected; by commands through the host
interface channel, by an operator panel, through a separate control port, or by
presetting at the factory. If RAID-10 is indicated, the array can operate in a
composite mirrored striped mode.

Array capacity

If multiple capacities are shown for minimum or maximum array capacity,
they correspond to the listed RAID modes. The order in which they are given
matches the order in which the RAID modes are listed. User available capacity
for each mode is provided. If only single minimum or maximum capacities are
shown, it is typically the available user capacity for the lowest RAID mode listed.
Where a variety of drives are used, array capacity is shown as "Drive dependent".

Drives per array

The minimum and maximum number of drives available for user data in the
array. Where indeterminate, as in the case of a software array, "--" is used.

Concurrent host channels

Where more than one channel between the host and the array is available,
the standard number of channels and maximum number of channels is given.

Array interface to host and drives

Interfaces which may be used for connection of the array to the host, and
which drive interfaces are recognized.

Cache size and function

If the array contains a cache, the minimum and maximum available sizes are
given. Also indicated is whether the cache is used for read operations, write
operations or both. If no cache is used, then these fields are designated by "--".
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Redundancy

If the array offers dual controllers that address a common drive set or dual
controllers that mirror drive sets, then the controller redundancy will be indicated
by "Yes", "Optional", or "Duplexed", depending upon the manufacturer’s offerings
and array configuration.

If the array is equipped with multiple fans providing sufficient cooling capacity
so that the array can continue operation if a fan fails, then fan redundancy is
indicated as "Yes", or "Optional" if the additional fan is an option.

If the array is equipped with multiple power supplies so that the array will
continue operation if any power supply in the array fails, then power supply
redundancy is indicated as "Yes", or "Optional" if the additional power supply is
an option.

Spare drive

If the array has no capability to support a spare drive to replace a failed drive
with the system in operation, then "None" is indicated. If no spare drive is pro-
vided, but a failed drive can be hot swapped, than "Manual" is indicated. If a
spare drive is provided and it is automatically used by the system in the event of
an array drive failure, then "Auto" is indicated.

Also, if drive data rebuilding is done in the background, "background" or
"back" is indicated. If rebuilding is done in foreground, preempting use of the
array, then "foreground" is indicated.

Transfer rate

The data burst transfer rates between host and array controller, and between
array controller and drives are given.

Drives

Where the manufacturer has indicated specific drives used in an array, the
drive formatted capacity, average seek time, and average rotational latency are
given. If arange of values is specified, the lowest and highest are given. An
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example for drive capacity, in megabytes: 300-1000. In many cases, manufac-
turers support a wide variety of drives, and in these situations the drive parame-
ters are given as "Drive dependent" and the drive models are identified as "Var-
ious".

Array size

Where appropriate, the dimensions of the array are given. If a variety of sizes
is available, "Varies" is indicated. In many cases, the array is packaged as part of
a complete computer system or file server, in which case system overall dimen-
sions are used.

Power

Power required is given in watts or KVA, identified appropriately. Also indi-
cated is whether the array has internal power backup in the form of battery
backup for the cache or an internal UPS for the array. If neither is present, then
"None" is indicated.

Accuracy

All information in this section has been cross-checked for accuracy. Howev-
er, it is anticipated that some errors may be included, since many manufacturers’
published specifications do not cover all of the items listed, and numerous verbal
inquiries have been required.

1994 DISK/TREND product groups for disk drive arrays
Product groups for the 1994 DISK/TREND Report on disk drive arrays include:
Single user system arrays
Networks/minicomputer/multiuser system arrays
Mainframe system arrays

Very high performance system arrays
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MANUFACTURER

ARRAY MODEL

DiSK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type

Host platform,
software environment

RAID level
Configured by:
Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

1776, INC.

1776, INC.

1776, INC.

ACER

ACER

76SC34

76SC34H

76SC4A

Altos 7000

Altos 17000

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM, PCM OEM, PCM OEM, PCM PCM PCM

Software Software Software Subsystem Subsystem

ISA, EISA, MCA | ISA, EISA, MCA [ISA, EISA, MCA |Acer Acer

UNIX UNIX UNIX NetWare, XENIX, [NetWare, VINES,
SCO UNIX SCO UNIX

0/1* 0/1* 0/1* 0/1/5 0/1/5

Host Host Host Host Host

NA NA NA 1/.5/1/1 1/5/1/1

Drive dependent|Drive dependent|Drive dependent|10/5/8/8 20/10/16/16

2 2 2 2/3 2/3

28 24 24 8* 20

1 1 2 1 1

NA NA NA EISA EISA

SCSI, SCSI-2 SCSt, sCsi-2 scsl, scsi-2 SCSt-2 SCsi-2

.192, 2.016 .192, 2.016 .12, 2.016 -- --

Read, Write Read, Write Read, Write -- --

Yes Yes Yes No No

N/A N/A N/A No No

N/A N/A N/A No No

Auto-background

Auto-background

Auto-background

Manual -backgrnd

Manual -backgrnd

Yes Yes Yes Yes Yes
Host dependent |Host dependent {Host dependent |33 33
Drive dependent|Drive dependent|Drive dependent|10 10
Drive dependent|Drive dependent|Drive dependent|500-1050 500-1050
Drive dependent|Drive dependent|Drive dependent{3.5", 5.25" 3.5", 41.3 mm
Drive dependent|Drive dependent|Drive dependent|Drive dependent]10
Drive dependent|Drive dependent|Drive dependent|Drive dependent|6.7
Various Various Various Fujitsu, Fujitsu,
Seagate Seagate
N/A N/A N/A 23.2 x 24.6 x
7 x 23.2 14 x 16
N/A N/A N/A 350 watts 500 watts
UPS optional UPS optional
1990 1993 1993 7/93 1991/1993*
*Mirrored Supports Supports second|Complete server |Complete server
striping second host host system up to 4
system in idle |concurr. active|*2 drives if processors

mode.
*Mirrored
striping.

Auto backup
switching.
*Mirrored strip

5.25"

*With Pentium
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ASPEC-7
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI

Host platform,

ON: Type

software environment

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

MIN
MAX

(Gbytes)

per array
per array
channels

1o host

, max: MB)

(Read, Write)

(Yes/No)

host (MB/Sec)
drive (MB/Sec)

Inches: Hx Wx D

I PMENT

ADIC ADS ADS ADS ALLODYNE
INTERNATIONAL | INTERNATIONAL | INTERNATIONAL
SDS-RAID ADS/1000 ADS/3000 ADS/5000 A510-10

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM PCM PCM OEM, PCM

Subsystem Board Board Board Subsystem

SCSI host PC compatible |PC compatible |PC compatible |SCS| host

Various UNIX, NetWare, |UNIX, NetWare, [UNIX, NetWare, |Various
0S/2 0s/2 0S/2

0/1/5 0/1/4/5 0/3/5 0/3/5 3/5

Host Port

Drive dependent|Drive dependent|Drive dependent|Drive dependenti1

Drive dependent|Drive dependent|Drive dependent|Drive dependent|1

2 3 5 5 5

6 21 35 28 5

1 1 1 1 1

SCsI-2 EISA SCSI-2 SCS1-2 SCsl1-2

SCS1-2 SCS| -2 SCst-2 SCSi-2 IDE

4 16 -- 8, 32 256

Read, Write Read, Write -- Read, Write Read, Write

No No No No No

Yes No No No Yes

Yes Yes Yes Yes Option*

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manuat -backgrnd

Yes Yes Yes Yes Yes
10 33 10 10 10
10 10 10 10 10
1600-2100 Drive dependent|Drive dependent|Drive dependent|250

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 25.4 mm

Drive dependent|Drive dependent|Drive dependent|Drive dependent|14
Drive dependent|Drive dependent|Drive dependent|Drive dependent|6.6
Seagate Various Various Various Various
4.75 x 3.25 x 3.25 x 5 x
13 575 x 8 5.75 x 8.12 5.75 x 8
5 watts+drives | 230 watts 300 watts 300 watts 45 watts
None None None None Battery
2094 1993 1993 1993 3093
DPT or Buslogic Modified Digi-|CMD controller |*In external

controller with
software array

Data control ler

version
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFIGURATI
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

ON: Type

onment

MIN
MAX

(Gbytes)

per array
per array
channels

1o host

, max: MB)

(Read, Write)

(Yes/No)

host (MB/Sec)

drive (MB/Sec)

es: Hx WxD

IPMENT

ASPEC-8

ALLODYNE ALLODYNE ALLODYNE ALLODYNE AMER| CAN
DIGITAL
SYSTEMS

A510-13 A510-20 A510-40 A1010-80 MASTERDISK RAID

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM, PCM OEM, PCM OEM, PCM OEM, PCM PCM

Subsystem Subsystem Subsystem Subsystem Subsystem

SCS! host SCSI host SCS| host SCS| host SCSI host
Various Various Various Various Various

3/5 3/5 3/5 3/5 0/1/3/5

Port Port Port Port Port, Panel

1.3 2 4 8 Drive dependent
1.3 2 4 8 Drive dependent
5 5 5 10 2

5 5 5 10 28

1 1 1 1 3

SCsi-2 SCS1-2 S¢Sl -2 SCS1-2 SCS1-2, DEC

IDE IDE IDE IDE SCSi-2

256 256 256 256 32

Read, Write Read, Write Read, Write Read, Write Read, Write

No No No No Yes

Yes Yes Yes Yes Yes

Option* Option* Option* Option* Yes

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Yes Yes Yes Yes Yes

10 10 10 10 10

10 10 10 10 10

340 540 1000 1000 Drive dependent
3.5", 25.4 mm (3.5", 25.4 mm |3.5", 25.4 mm |3.5", 25.4 mm |[Drive dependent
13 10 8.5 8.5 Drive dependent
7.5 5.56 5.56 5.56 Drive dependent
Various Various Various Various Various

5 x 5 x 5 x 10 x 5.25 x

5.75 x 8 5.75 x 8 5.75 x 8 575 x 8 19 x 25

45 watts 45 watts 45 watts 85 watts 26 watts+drives
Battery Battery Battery Battery None

3Q93 3093 1094 2094 3Q93

*In external
version

*In external
version

*In external
version

*In external
version
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ASPEC-9
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONF|GURATI

Host platform,

ON: Type

software environment

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

(Gbytes) MIN
MAX
per array
per array

channels

to host

, max: MB)

(Read, Write)

(Yes/No)

(None/Auto/Manual )

host (MB/Sec)
drive (MB/Sec)

Inches: Hx Wx D

IPMENT

AMERICAN ANDATACO ANDATACO ARCO ARESYS
MEGATRENDS ELECTRONICS

PCI RAID Gigaraid GRS Gigaraid GTS AC1079MC IDACO-1000
Net/Mini/Multi [Net/Mini/Multi |Net/Mini/Multi [Single User Single User
OEM, PCM OEM, PCM OEM, PCM PCM OEM, PCM
Board Subsystem Subsystem Board Board

PC compatible |[SCSI host SCS| host PC compatible |PC compatible
NetWare, NT, UNIX, NT UNIX, NT DOS, 0s/2, DOS, Windows,
Windows, 0S/2 NetWare 0s/2

0/1/3/5 0/3/5 0/3/5 1 0/1

Port Host,Panel ,Port|Host,Panel ,Port|Preset

Drive dependent|2.5 2.5 Drive dependent |Drive dependent
Drive dependent| 24 80 Drive dependent |Drive dependent
2 5 5 2 4

75 9 28 2 4

1 1, 8 1, 3 1 1

PCI SCS1-2 SCSl1-2 Micro Channel 1SA

SCS1-2 SCSI-2 SCSI-2 IDE IDE

128 8, 32 8, 32 -- .512, 16
Read, Write Read, Write Read, Write -- Read, Write
-- Cold spare Cold spare No NA

-~ Yes Yes No NA

-- Yes Yes No NA

Man, Auto-backgr

Man, Auto-backgr

Man,Auto-backgr

Manual -backgrnd

Manual -backgrnd

Yes Yes Yes Yes Yes

132 10/20 10/20 1.4 3

10/20 10/20 10/20 Drive dependent|4.5

Drive dependent| 500-4000 500-4000 Drive dependent |Drive dependent
Drive dependent|3.5", 41.3 3.5", 41.83 2.5", 17.5 mm |Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Various Fujitsu, IBM, |[Fujitsu, IBM, |[Various Various
Seagate,Microp.|Seagate,Microp.
4.2 X 8.8 x 29 x 3.5 x .5 x
12.283 16.2 x 16.75 10 x 22 11.5 4.5 x 13.25
300 watts 300 watts 6 watts+ drives|NS
None UPS option UPS option None NS
4Q94 11/93 3/93 10/92 3/93
Uses Intel 960 |Modified CMD Modified CMD 2 2.5" drives
CRD5000 CRD5000 mount on card
Preliminary control ler. control ler.
specification |Network attach |Network attach
module avail. |[module avail.
2Q94. 2094 .
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type

Host platform,
software environment

RAID level

Configured by:

Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:
Power backup
FIRST CUSTOMER SHIPMENT

COMMENTS

ASPEC-10

ARESYS ASA ASA AST AST
COMPUTERS COMPUTERS RESEARCH RESEARCH
IDACO-2000 Clydesdale Thoroughbred Manhattan P1 Manhattan P2

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM, PCM PCM PCM Captive, PCM Captive, PCM

Board Subsystem Subsystem Subsystem Subsystem

PC compatible |ASA EISA PC Manhattan Manhattan

NetWare, NT, UNIX, NetWare, |Various UNIX, NT, 0S/2, |UNIX, NT, 0S/2,

UNIX, 0S/2 DOS NetWare NetWare

0/1 0/1/5 0/1/5 0/1/5/6* 0/1/5/6*
Host Host Host Host

Drive dependent|2.6/1.3/2.1 2.6/1.8/2.1 1/.5 2/1

Drive dependent|24/12/19.2 16/8/12.8 8/4/6.4 16/8/12.8

4 5 5 2 2

4 12 8 16 16

1 1 1 1 1

ISA EISA EISA-2 EISA EISA

|DE SCSI -2 SCSi-2 SCS1-2 SCS1-2

512, 16 4, 64 4, 64 4, 64 4, 64

Read, Write Read, Write Read, Write Read, Write Read, Write

NA No No No No

NA Yes Yes No No

NA Yes Yes Option Option

Manua | -backgrnd

Man, Auto-backgr

Man, Auto-backgr

Man, Auto-backgr

Man, Auto-backgr

Yes Yes Yes Yes Yes
3 33 33 33 33
4.5 10 10 10 10
Drive dependent| 525-2000 525-2000 500 1000

Drive dependent

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 41.3 mm

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Various Seagate Seagate H-P, Quantum, |H-P, Quantum,
Seagate Seagate
.5 x Varies 19 x 26 X 26 X
4.5 x 13.25 7.25 x 18 15 x 19 15 x 19
NS 400 watts 50 watts+drives|625 watts 625 watts
NS None None None None
3/93 1993 2094 2/93 2/93
My lex My lex Uses Mylex Uses Mylex
controller control ler control ler. controller.
*RAID 6=strip. |*RAID 6= strip.

Includes server

and mirroring.
P models have
Pentium MPU

and mirroring.
P models have
Pentium MPU
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ASPEC-11
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONF I GURATI
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

ON: Type

onment

(Gbytes) MIN
MAX
per array
per array

channels

to host

, max: MB)

(Read, Write)

(Yes/No)

(None/Auto/Manual )

host (MB/Sec)
drive (MB/Sec)

es: Hx WxD

IPMENT

AST AST AST AT&T GLOBAL AT&T GLOBAL
RESEARCH RESEARCH RESEARCH INFORMAT ION INFORMAT ION
SOLUTIONS SOLUT IONS
Premia-SE Premia-SE
Manhattan P4 (Empire-3) (Empire-5) 6298 -2000 6298-3000

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive, PCM PCM PCM Captive, OEM Captive, OEM
Subsystem Subsystem Subsystem Subsystem Subsystem
Manhattan AST AST AT&T 3400, 3500 |AT&T 3400, 3500
UNIX, NT, 0S8/2,|NetWare,NT,0S/2|NetWare ,NT,0S/2(NT other

NetWare UNIX, LAN Mgr. |[UNIX, LAN Mgr. |UNIX, NetWare |[UNIX

0/1/5/6* 0/1/5 0/1/5 0/1/3/5 0/1/3/5

Host Host Host Host Host

4/2 5.2/2.6/4.2/4.215.2/2.6/4.2/4.2
32/16/25.6 8 16 21/12/16.8/16.8(21/12/16.8/16.8
2 2 2 5 5

16 8 16 20 20

1 1 1 1 1.

EISA EISA EISA sCsi-2 SCS1 -2

SCSi-2 SCsi-2 sCsl-2 SCsl1-2 scsit, sCsi-2

4, 64 4, 64 4, 64 -- --

Read, Write Read, Write Read, Write -- --

No No No Yes (option) Yes

No No No Yes Yes

Option No No Yes Yes

Man, Auto-backgr

Man, Auto-backgr

Man, Auto-backgr

Manual -backgrnd

Manual -backgrnd

Yes Yes Yes Yes Yes
33 33 33 20 20
10 10 10 10 10
2000 1000, 2000 1000 1050 1050

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 41.3 mm

Drive dependent|Drive dependent|Drive dependent|10.5 10.5

Drive dependent|Drive dependent|Drive dependent|5.6 5.6

H-P, Quantum, |H-P, Quantum, [H-P, Quantum, {Various Various
Seagate Seagate Seagate

26 X 26 x 26 x 29 x 29 X

15 x 19 15 x 19 15 x 19 12 x 28 12 x 28
625 watts 300 300 618 watts 618 watts
None None None None None

2/94 11/93 11/93 1992 1992

Uses Mylex Uses Mylex Uses Mylex ADP-92-02 ADP-93-08
control ler. control ler control ler control ler control ler
*RAID 6= strip.

and mirroring. |3 SCS| channels|5 SCSI channels|25 MHz 68020 Uses 40 MHz
P models have 68030 chip

Pentium MPU
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION:

Host platform,

Type

software environment

RAID level
Configured by:

Array capacity (Gbytes)

Minimum drives per array

Maximum drives per array

Concurrent host channels

Array interface to host

Drive interface

Cache size (min, max: MB)

MIN
MAX

Cache function (Read, Write)

Redundancy: Controller (Yes/No)
Fan (Yes/No)

Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

(None/Auto/Manual)

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)

Nominal disk diameter, height

Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup

FIRST CUSTOMER SHIPMENT

COMMENTS

Inches: H x W x D

ASPEC-12

AT&T GLOBAL

AT&T GLOBAL

AT&T GLOBAL

AT&T GLOBAL

AT&T GLOBAL

INFORMATION INFORMAT |ON INFORMAT | ON INFORMATION INFORMATION
SOLUT IONS SOLUTIONS SOLUTIONS SOLUTIONS SOLUT IONS
6208 -4000 6299 ADP-92-01 ADP-92-02 ADP-93-01

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive, OEM OEM, PCM Captive,OEM,PCM|Captive,OEM,PCM OEM, PCM
Subsystem Subsystem Board Board Board

AT&T 3400, 3500 AT&T 3400, 3500|Various Various Various

other UNIX, Solaris, [UNIX, 0S/2, UNIX, 0S/2, UNIX, 08/2, AIX
UNIX AlX, NetWare NetWare NetWare NetWare
0/1/3/5 0/1/3/5 0/1/3/5 0/1/8/5 0/1/3/5

Host Host Host Host Host

10.5/5/8.5/8.5

5.2/2.6/4.2/4.2

Drive dependent

Drive dependent

Drive dependent

42/21/34/34 42/21/34/34 Drive dependent|Drive dependent|Drive dependent
5 5 1/2/3/3 1/2/3/8 1/2/3/3
20 20 35 35 35

1 2 1 1 1
S8Cs|-2 SCs| -2 SCSI-2 SCSi-2 sCS|-2
8CSl1, scCsi-2 §csi-2 sCS1-2 SCSi-2 SCs1-2
-- N/A -- -- --

-- N/A -- -- --

Yes Yes Yes Yes Yes

Yes Yes No Supported No

Yes Yes No Supported No

Manua! -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Yes Yes Yes Yes Yes
20 20 10 20 20
10 10 5 5 10
2100 1050, 2100 Drive dependent|Drive dependent|Drive dependent

3.5", 41.3 mm

3.5", 41.3 mm

Drive dependent

Drive dependent

Drive dependent

9.7 9.7 Drive dependent|Drive dependent|Drive dependent
5.6 5.6 Drive dependent|Drive dependent|Drive dependent
Various Various Various Various Various
29 x 13.94 x 5.1 x 9.8 x 5.1 x
12 x 28 18.97 x 30.13 (14.4 13.7 14.4
618 watts 15 watts 15 watts 30 watts
None’ None None None None
1993 4/94 1991 1992 1993
ADP-93-08 ADP-93-02 Uses 25 MHz Uses 25 MHz Uses 40 MHz
control ler controller 68020 chip 68020 chip 68030 chip
Uses 40 MHz Rack mountable. Multiple SCSI
68030 chip Uses 40 MHz initiator

68030 chip support
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ASPEC-13
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFIGURATI
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

ON: Type

onment

MIN
MAX

(Gbytes)

per array
per array
channels

to host

, max: MB)

(Read, VWrite)

(Yes/No)

(None/Auto/Manual)

host (MB/Sec)
drive (MB/Sec)

Inches: Hx W x D

| PMENT

AT&T GLOBAL AT&T GLOBAL AT&T GLOBAL ATEN ATEN

INFORMAT ION | NFORMAT ION INFORMAT | ON INTERNATIONAL | INTERNATIONAL
SOLUTIONS SOLUTIONS SOLUTIONS

ADP-93-02 ADP-93-04 Disk Array Plus|Al-500 Al-700

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive,OEM,PCM| OEM Captive,OEM,PCM{OEM, PCM OEM, PCM
Board Board Software Board Board
Various Various AT&T 3xxx:UNIX |PC compatible [PC compatible
UNIX, 0S/2, AIX|JUNIX, 0S/2, AIX|AT&T Starserver|Various Various
NetWare NetWare

0/1/3/5 0/1/3/5 0/1/5 0/1/4/5 0/1/4/5

Host Host Host

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

1/2/3/3 1/2/3/3 N/A 3 3

35 35 N/A 28 28

1 1 1, 2 1 1
SCS|-2 SCsl|-2 N/A 1SA EISA
SCSs|-2 8CSI -2 SCS| SCs| -2 SCS1-2
-- -- Host dependent |4, 64 4, 64
-- -- Read Read Read
Yes Yes N/A -- --
Supported No N/A .- .-
Supported No N/A -- -

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd »

Yes Yes Yes Yes Yes
20 20 Host dependent |4 33
10 10 Drive dependent|10 10

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Various Various Various Various Various
9.75 x 5.1x N/A
8.5 14.4
30 watts 30 watts N/A
None None None None
1992 1993 6/92 4Q93 4093
Uses 40 MHz Uses 40 MHz Online tuning.
68030 chip 68030 chip Single volume.
Can span
Multiple 8CSI |Multiple SCSI |[multiple drives
initiator initiator and adapters
support support
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min
Cache function

Redundancy: Con
Fan

Power supply (Yes/No)

ON: Type

onment

MIN
MAX

(Gbytes)

per array
per array
channels

to host

, max: MB)
(Read, Write)

troller (Yes/No)
(Yes/No)

Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)

Nominal disk di
Average positiol
Average rotatio

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

host (MB/Sec)
drive (MB/Sec)

ameter, height
ning time (msec)

nal delay (msec)

es;: Hx WxD

IPMENT

ASPEC-14

ATON ATON ATON ATTO ATTO

SYSTEMES SYSTEMES SYSTEMES TECHNOLOGY TECHNOLOGY
Areka 1-108 Areka E-10F Areka VDS Express Mirror |Express Stripe
Single User Net/Mini/Multi [Net/Mini/Multi |Single User Single User
OEM, PCM OEM, PCM PCM OEM, PCM OEM, PCM

Board Board Subsystem Software Software

PC: ISA PC: EISA, Various Macintosh Macintosh

DOS, Windows, DOS, Windows, DOS, Windows,

Windows NT Windows NT Windows NT

0/1/5/10 0/1/5/10 0/1/5/10 1 0

Host Host Preset Preset Preset

Drive dependent|Drive dependent|10 Drive dependent|Drive dependent
Drive dependent|Drive dependent|70 Drive dependent|Drive dependent
2 2 2 2 2

7 7 35 4 4

1 1 1 1 1

ISA EISA SCSI-2 ScSsi SCS|

SCSI1-2 SCs1 -2 SCsi-2 SCSI, sCsi-2 SCS1, S8Csi-2

0 0 0, 64 --

-- -- Read --

-- -- No Option No

-- -- Yes No No

-- -- Yes No No

Manual -backgrnd| Manual -backgrnd| Auto -background|None None

Yes Yes Yes Yes Yes

6 33 10 10 10

5 10 10 Drive dependent|Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Various Various Various Various Various

-- -- 16.9 x N/A N/A
8.7 x 16.5

10 watts 14 watts 450 VA N/A N/A

.- -- None

1993 1993 1994 1/92 11/92

Requires ATTO
Silicon Express
control ler

Can support 4
controllers

Requires ATTO
Silicon Express
controller

Can support 4
control lers
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ASPEC-15
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI

Host platform,

ON: Type

software environment

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)

Spare drive (Nol

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)

Nominal disk di

Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

MIN
MAX

(Gbytes)

per array
per array
channels

to host

, max: MB)

(Read, Write)

(Yes/No)

ne/Auto/Manual)

host (MB/Sec)
drive (MB/Sec)

ameter, height

es: HxWxD

I PMENT

ATTO ATTO AUSPEX AUSPEX AVIV
TECHNOLOGY TECHNOLOGY SYSTEMS SYSTEMS

Silicon Express|Silicon Express

2 4 NS 3XXX NS 6XXX Duet

Single User Single User Net/Mini/Multi [Net/Mini/Multi [Net/Mini/Multi
OEM, PCM OEM, PCM Captive, OEM Captive, OEM PCM
Board Board Subsystem Subsystem Subsystem
Macintosh Macintosh NFS (Sun) NFS (Sun) DEC Vax, Alpha,
VMS,Ultrix,UNIX
NetW., Wind. NT
0/1/3/4/5 0/1/3/4/5 0/1 0/1 0/1
Host Host Host
Drive dependent|Drive dependent|2 2 4.2/2.1
Drive dependent|Drive dependent|30 180 16.81/8.5
2 2 2 2 2
4 4 10 60 8
1 1 1 1, 3 1, 2
NuBus NuBus VME VME SCS1-2, DSSI
SCS!1, sCsi-2 SCsl-2 SCS| SCS| SCs|-2
-- -- 16, 192* 16, 384* --
-- -- Read, Write Read, Write --
Option Option No No No
No No No No Yes
No No No Option Yes
None None None None Manual -backgrnd
Yes Yes Yes Yes Yes
10 20 30 40 20
10 20 2 5 10
Drive dependent|Drive dependent|2000 3000 Drive dependent
Drive dependent|Drive dependent|5.25", 82.6 mm |5.25", 82.6 mm [3.5", 41.3 mm
Drive dependent|Drive dependent|11.5 11.5 8-10
Drive dependent|Drive dependent|5.5 5.5 4.7-5.6
Various Various H-P €3010 Micropolis 1936 |Various
N/A N/A 42 X 76 x 5.25 x
21 x 32 24 x 39 19 x 26.5(rack)
N/A N/A
Cache battery* |Cache battery*
1/92 1/94 12/90 5/93 10/93
Supports Supports *Optional *Optional QBUS, BI, CI
command tag command tag nonvolatile nonvolatile option avail.
queing, disc., |queing, disc., |memory battery |memory, battery
asynch. 1/0, asynch. 1/0, backed 1 MB backed 1-3 MB  |Pedestal and
scatter-gather |scatter-gather tabletop
Req. array soft options
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFIGURATION:

Type

Host platform,
software environment

RAID level
Configured

Array capac

by:

MIN
MAX

ity (Gbytes)

Minimum drives per array

Maximum drives per array

Concurrent host channels

Array interface to host

Drive interface

Cache size (min, max: MB)

Cache funct

Redundancy: Controller (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

ion (Read, Write)

Fan (Yes/No)

Power supply (Yes/No)

(None/Auto/Manual )

Transfer rate: host (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

drive (MB/Sec)

Drive models

ARRAY SIZE:

POWER:

Inches: Hx Wx D

Power backup

FIRST CUSTOMER SHIPMENT

COMMENTS

ASPEC-16

AVIV BAYDEL LTD. BAYDEL LTD. BOX BUSLOGIC
HILL
Mustang DARS - xxx DAR5 - xxx RAID Box 530 Chantal 5.0 NW

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM OEM, PCM OEM, PCM Captive, PCM OEM, PCM
Subsystem Subsystem Subsystem Subsystem Software

DEC VAX, VMS, SCS| host SCS! host Sun, H-P, other [PC compatible
Ultrix, NetWare|UNIX, others UNIX, others UNIX Novell 3.11,
UNIX, Wind. NT 3.12, 4.01
0/3/5 3 3 0/3/5 0/1/5

Port Preset Preset Preset Host

4.2/3.4 Drive dependent|Drive dependent|4 Drive dependent
8.4/5.6 Drive dependent|Drive dependent|12 Drive dependent
5 2 + parity 2 + parity 3 2

5 28 + 7 parity |28 + 7 parity |5 16

1 1 1 1 4

SCSs1-2, DsSI SCSl, SCsl-2 scsl, scsl-2 SCSi-2 sCsl|-2

SCs1-2 SCsl, scsi-2 scsl, scsl-2 scsi-2 sCs|-3

32, 128 1, 64 1, 64 --, 32 N/A

Read, Write Read, Write Read, Write Write (option) |N/A

No Option Option Option N/A

Yes No No Yes N/A

Yes Option Yes Yes N/A

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Auto-background

Yes Yes Yes -- Yes
20 10/20 10/20 10 Host dependent
10 5 5 10 Drive dependent
Drive dependent|Drive dependent|Drive dependent}|2000-5000 Drive dependent
3.5", 41.3mm |3.5", 41.3 mm |5.25" Drive dependent |Drive dependent
8-10 Drive dependent|Drive dependent|Drive dependent|Drive dependent
4.7-5.6 Drive dependent|Drive dependent|Drive dependent|Drive dependent
Various Various Various Various Various
5.25 x 7.5 x 10.5 x Varies N/A
19 x 26 .5(rack){ 19 x 26 19 x 27
250 watts 250 watts 450 watts N/A
Battery option |Battery option |None
10/93 1992 1993 1991 1094
QBUS, BI, CI Subsystems Subsystems Includes smart
option avail. |without drives |without drives drive reconstr.
are available. [are available and performance
Pedestal and Rack mount monitor.
tabletop tower. Rack mount
options Desktop options|only
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ASPEC-17
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI

Host platform,

ON: Type

software environment

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

MIN
MAX

(Gbytes)

per array
per array
channels

1o host

, max: MB)

(Read, Write)

(Yes/No)

(None/Auto/Manual)

host (MB/Sec)
drive (MB/Sec)

es: Hx Wx D

| PMENT

BUSLOGIC BUSLOGIC BUSLOGIC BUSLOGIC BUSLOGIC
Chantal 4.5 NW |Chantal 4.5 UNX
Paragon 4.5 Paragon 4.0 DA2788 DA2988 DA4988

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM, PCM

OEM, PCM

OEM, PCM

OEM, PCM

OEM, PCM

Software

Software

Board

Board

Board

PC compatible

PC compatible

PC compatible

PC compatible

PC compatible

Novel| 3.11, SCO UNIX D0S, Windows, IX|D0OS, Windows, IX|DOS, Windows, IX
3.12, 4.01 NetWare* NetWare* NetWare*

0/1/5 0/1/5 0/1/3/5 0/1/3/5 0/1/3/5

Host Host Host Host Host

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

2 2 2 2 2

16 16 14 14 28

1, 4 1, 4 1 1 1

sCsl, scsli-2 SCS1, scsl-2 EISA, EISA EBM |PCI PCI

8CSI, sCSl-2 8Csl, 8CSl1-2 S§csi-2 sCsl1-2 SCSs|-2

N/A N/A 2, 64 2, 64 2, 64

N/A N/A Read, Write Read, Write Read, Write
N/A N/A -- -- -

N/A N/A - -- --

N/A N/A -- -- --

Auto -background

Auto-background

Auto-backg, fore

Auto-backg, fore

Auto-backg, fore

No No Yes Yes Yes
Host dependent |Host dependent |33, 66 132 132
Drive dependent|Drive dependent|10 10 10

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Various Various Various Various Various
N/A N/A

N/A N/A 5 watts 5 watts 5 watts
3093 3Q93 2094 2094 3094

Includes smart
drive reconstr.
and performance
monitor.
Earliest vers.
shipped in 1990

Includes smart
drive reconstr.
and performance
monitor.

*Future support
for Windows NT,
08/2, UNIX

*Future support
for Windows NT,
0S8/2, UNIX

*Future support
for Windows NT,
0S/2, UNIX
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

ON: Type

onment

MIN
MAX

(Gbytes)

per array
per array
channels

to host

, max: MB)

(Read, Write)

(Yes/No)

host (MB/Sec)
drive (MB/Sec)

Inches: Hx Wx D

| PMENT

ASPEC-18

CAMBEX CAMBEX CAMBEX CANARY CIPRICO
COMMUNICATIONS

NA6700

ARRAY/6000-510 | ARRAY/6000-910 | ARRAY/6000 IDA3500 SGX700

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM PCM OEM PCM

Subsystem Subsystem Subsystem Board Subsystem
RS/6000 RS/6000 RS/6000, AlX

UNIX/AIX UNIX/AIX NetWare, 0S/2, |NetWare, SGI
HACMP /6000 HACMP /6000 UNIX, VINES

0/1/3/5 0/1/3/5 0/1/3/5 0/1/3/5 3

Host Host Host, Port Preset

5 16 8 Drive dependent|Drive dependent
31.5 189 96 Drive dependent|Drive dependent
5 10 5 2 5

15 90 60 35 5

2 2, 6 2 1, 2 1

S8CS1-2 sCs|-2 SCS| -2 ScSl-2 SCsi-2

SCSl1-2 8CSI-2 scsi-2 SCS1-2 SCS1-2

-- -- -- -- N/A

-- -- -- -- N/A

Yes Yes Yes Option No

Yes Yes Yes Option No

Yes Yes Yes Option Yes

Manual -backgrnd

Manual -backgrnd

Manual

Auto-background

Manual -backgrnd

20 20 20 20 20
10 10 10 10 10
1000, 1600,2100 | 1600, 2100 1600 Drive dependent|Drive dependent
3.5", 41.3 mm |3.5", 41.3 mm |3.5", 41.3 mm |Drive dependent|Drive dependent
10 10 10 Drive dependent|Drive dependent
5.6 5.6 5.6 Drive dependent|Drive dependent
Various DEC Various DEC Various DEC Various Various
22.75 x 66 X 66 x 7 %
14 x 15.5 31 x 34 24 x 34 17 x 22
200 watts

12/92 12/92 12/92 2094 1Q93

Dual AC feed

Supported under
HACMP /6000
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ASPEC-19
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type

Host platform,
software environment

RAID level

Configured by:

Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

CIPRICO CIPRICO CIPRICO CIPRICO CIPRICO
NA6710 AD6700
SGX710 NAB720 SGX720 AS6700 AD6720

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Very High Perf.

Very High Perf.

PCM PCM PCM OEM OEM

Subsystem Subsystem Subsystem Subsystem Subsystem
Various Various

NetWare, SGI NetWare, SGI| NetWare, SGI

3 3 3 3 3

Preset Preset Preset Preset Preset

Drive dependent|2 2 Drive dependent [Drive dependent

Drive dependent|8 8 Drive dependent |Drive dependent

9 5 5 5 5

9 5 5 5 5

1 1 1 1 1

SCSs|-2 SCS|-2 SCS1-2 SCSI-2 SCSI-2

SCSsli-2 sCsi-2 SCS1-2 scsi-2 SCst-2

N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A

No No No No No

No No No No No

Yes Yes Yes Yes Yes

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

20
10

20
10

20
10

20
15

20
15

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Various

Various Various Various Various

7 X 20 x 20 x 7 x 20 x

17 x 22 10 x 20 10 x 20 17 x 22 10 x 20
300 watts 200 watts 300 watts 200 watts 200 watts
1Q93 4Q93 4093 1Q93 4Q93
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI

Host platform,

ON: Type

software environment

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

(Gbytes) MIN
MAX

per array
per array

channels

to host

, max: MB)

(Read, Write)

(Yes/No)
host (MB/Sec)

drive (MB/Sec)

es: HxWxD

| PMENT

ASPEC-20

CIPRICO CLONE STAR CLONE STAR cLovis CLOVIS
SOFTWARE SOFTWARE MANUFACTURING  [MANUFACTURING

A06710 Multistor 2-8

AS6710 ALTER EGO REFLECT Multistor 1 Multistor 2-11

Very High Perf.

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM PCM PCM PCM PCM
Subsystem Software Software Subsystem Subsystem
Various PC compatible |[PC compatible [Multistor Multistor
MS-DOS MS-DOS, NetWare|VINES, NetWare, [VINES, NetWare,
other other
3 1 1 1 1
Preset Preset Preset

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

9 2 2 2 2

9 2 2 6 10

1 1 1 1 1

SCS1-2 N/A N/A SCS| -2 SCs|-2

SCSI-2 N/A N/A sCsl-2 sCsi-2

N/A .- - 4, 64 8, 64

N/A -- -- Read, Write Read, Write

No NA NA

No NA NA

Yes NA NA

Manual -backgrnd| None None Manual -backgrnd [Manual -backgrnd
Yes Yes Yes Yes

20 N/A N/A 10 10

20 N/A N/A 10 10

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

3.5", 41.3 mm

3.5", 41.3 mm

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Various Various Various Various Various

7 X N/A N/A Varies Varies

17 x 22

300 watts N/A N/A 300 watts 300 watts

-- N/A N/A UPS optional |UPS optional
1Q93 1989 1988

Requires array
software

Requires array
software
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ASPEC-21
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI

Host platform,

ON: Type

software environment

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min
Cache function

Redundancy: Con
Fan

Power supply (Yes/No)

Spare drive (No

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)

MIN
MAX

(Gbytes)

per array
per array
channels

to host

, max: MB)
(Read, Write)

troller (Yes/No)
(Yes/No)

ne/Auto/Manual)

host (MB/Sec)
drive (MB/Sec)

Nominal disk diameter, height

Average positio
Average rotatiol

Drive models

ARRAY SIZE:

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

ning time (msec)

nal delay (msec)

Inches: Hx Wx D

| PMENT

CLOVIS CMD CMD CMS CMS
MANUFACTURING | TECHNOLOGY TECHNOLOGY ENHANCEMENTS ENHANCEMENTS
1.0 2.0

Multistor 3 SCEA/S CRD-5000 Platinum ARRAY [Platinum ARRAY
Net/Mini/Multi |Single User Net/Mini/Multi [Net/Mini/Multi [Net/Mini/Multi
PCM OEM OEM PCM PCM
Subsystem Board Board Subsystem Subsystem
8CS!| host SCS| host SCS| host PC compatible |[PC compatible
VINES, NetWare,|NetWare, UNIX, |NetWare, UNIX, [NetWare NetWare
other DOS, Wind. NT* [DOS, Wind. NT*
0/1/3/5 1 0/3/5 0/1/5 0/1/5

Panel Host,Panel ,Port|Host Host
Drive dependent|Drive dependent|Drive dependent
Drive dependent|Drive dependent|Drive dependent|t.5 3
3 2 5 3 3
8 8 28 28 28
1 1 1, 2, 3 1 1
SCSI1-2 SCS1-2 SCSi-2 SCS| -2 SCSI-2
SCSI -2 Scs| -2 SCS1-2 SCS1-2 SCSsi-2
8, 64 -- 8, 32 -- --
Read, Write -- Write -- --

No Yes No No

No No Yes Yes

No No Yes Yes

Manual -backgrnd

Auto-background

Auto-background

Man, Auto-backgr

Man, Auto-backgr

Yes Yes Yes No No
10 10 10, 20 10 10
10 Drive dependent|Drive dependent|10 10
Drive dependent|Drive dependent|Drive dependent|500 1000

3.5", 41.3 mm

Drive dependent

Drive dependent

5.25", 82.6 mm

5.25", 82.6 mm

Drive dependent|Drive dependent|Drive dependent|10 9.5
Drive dependent|Drive dependent|Drive dependent(6.7 5.6
Various Various Various Quantum 525 DEC 3107
Varies 5.75 X 3.25 x
8.12 5.75 x 8.12
300 watts 2 watts 25 watts 6 + drives 6 + drives
UPS optional |None Cache battery |None None
2/93 4/93 1993 1993
*Many software |*Many software [Uses purchased |Uses purchased
systems systems Array software |Array software
supported supported
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ASPEC-22

MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type
Host platform,
software environment
RAID level
Configured by:
Array capacity (Gbytes) MIN
MAX
Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)

Fan (Yes/No)

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

CMS
ENHANCEMENTS

COMPAQ
COMPUTER

COMPAQ
COMPUTER

COMPAQ
COMPUTER

COMPAQ
COMPUTER

4.2
Platinum ARRAY

486/50-2100A
ProLiant 2000

486/50-2100A
ProLiant 4000

486/50-4200A
ProLiant 2000

486/50-4200A
ProLiant 4000

Net/Mini/Multi

Net/Mini/Muliti

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM Captive Captive Captive Captive
Subsystem Subsystem Subsystem Subsystem Subsystem
PC compatible |Compaq Compaq Compaq Compaq

NetWare UNIX,NetWare ,NT|UNIX,NetWare ,NT|UNIX,NetWare ,NT |UNIX,NetWare ,NT
0S/2,VINES,LAN {0S/2,VINES,LAN |0S/2,VINES,LAN |0S/2,VINES,LAN

0/1/5 0/1/4/5 0/1/4/5 0/1/4/5 0/1/4/5

Host Host Host Host Host
2.1 2.1 4.2 4.2

6.3 10.5/147* 10.5/147* 10.5/147* 10.5/147*

3 2 2 2 2

28 14 14 14 14

1 1 1 1 1

SCSs1-2 EISA EISA EISA EISA

8CS1-2 SCS1-2 SCS1-2 SCS1 -2 SCSi-2

- - 4** 4«* 4** 4*'

-- Write Write Write Write

No With duplexing |With duplexing [With duplexing [With duplexing

Yes No No No No

Yes No No No No

Man,Auto-backgr

Auto-background

Auto-background

Auto -background

Auto-background

No Yes Yes Yes Yes
10 33 33 33 33
10 10 10 10 10
2000 1050 1050 2100 2100
5.25", 82.6 mm |3.5", 1.625" 3.5", 1.625" 3.5", 1.625" 3.5", 1.625"
10 10.5 10.5 9.5 9.5
5.6 5.5 5.5 4.7 4.7
DEC 3210 Fujitsu, H-P, |[Fujitsu, H-P, |H-P, Seagate H-P, Seagate
Micropolis, IBM|[Micropolis, IBM
25.8 x 25.8 x 25.8 x 25.8 x
8.75 x 22.4 8.75 x 22.4 8.75 x 22.4 8.75 x 22.4
6 + drives 445 watts 445 watts 445 watts 445 watts
None Cache battery |Cache battery |[Cache battery [Cache battery
1993 4Q93 4Q93 4Q93 4Q93

Uses purchased
Array software

*With external
ProLiant
storage systems
Cache added
**Mirrored 2 MB
cache

*With external
ProLiant
storage systems
Cache added
**Mirrored 2 MB
cache

*With external
ProLiant
storage systems
Cache added
**Mirrored 2 MB
cache

*With external
ProLiant
storage systems
Cache added
**Mirrored 2 MB
cache
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ASPEC-23
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type
Host platform,
software environment
RAID level
Configured by:
Array capacity (Gbytes) MIN
MAX
Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)
ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

COMPAQ COMPAQ COMPAQ COMPAQ COMPAQ
COMPUTER COMPUTER COMPUTER COMPUTER COMPUTER
486DX2/66-2100A| 486DX2/66-2100A|5/60-2100 5/60-2100A 5/66-2100A

ProLiant 1000

ProSignia

ProSignia

ProLiant 1000

ProLiant 2000

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive Captive Captive Captive Captive
Subsystem Subsystem Subsystem Subsystem Subsystem
Compaq Compaq Compaq Compaq Compagq

UNIX,NetWare ,NT
0S/2,VINES,LAN

UNIX,NetWare,NT
0S/2,VINES, LAN

UNIX,NetWare,NT
0S8/2,VINES,LAN

UNIX,NetWare ,NT
0S/2,VINES,LAN

UNIX,NetWare,NT
0S/2,VINES,LAN

0/1/4/5 0/1/4/5 0/1/4/5 0/1/4/5 0/1/4/5
Host Host Host Host Host
2.1 2.1 2.1 2.1 2.1
10.5/117* 8.4/117.6" 8.4/117.6™ 10.5/117* 10.5/147*
2 2 2 2 2

14 14 14 14 14

1 1 1 1 1

E1SA EISA EISA EISA EISA
SCSI-2 sCsl1-2 SCs1-2 sCsl-2 SCSI-2
4** 4%+ 4% 4% 4%+
Write Write Write Write Write

With duplexing
No
No

With duplexing
No
No

With duplexing
No
No

With duplexing
No
No

With duplexing
No
No

Auto-background

Auto-background

Auto-background

Auto-background

Auto-background

Yes Yes Yes Yes Yes

33 33 33 33 33

10 10 10 10 10

1050 1050 1050 1050 1050

3.5", 1.625" 3.5", 1.625" 3.5", 1.625" 3.5", 1.625" 3.5", 1.625"
10.5 10.5 10.5 10.5 10.5

5.5 5.5 5.5 5.5 5.5

Fujitsu, H-P, [Fujitsu, H-P Fujitsu, H-P Fujitsu, H-P, [Fujitsu, H-P,
Micropolis, IBM[Micropolis, IBM|Micropolis, IBM|{Micropolis, I1BM|Micropolis, IBM
25.8 x 21.93 x 21.93 x 25.8 x 25.8 x

8.75 x 22.4 8.96 x 17.25 8.96 x 17.25 8.75 x 22.4 8.75 x 22.4
300 watts 240 watts 240 watts 300 watts 445 watts

Cache battery

Cache battery

Cache battery

Cache battery

Cache battery

4093

9/92

9/92

4Q93

4Q93

*With external
ProLiant
storage systems
Cache added
**Mirrored 2 MB
cache

*With external
ProLiant
storage systems
Cache added
**Mirrored 2 MB
cache

*With external
ProLiant
storage systems
Cache added
**Mirrored 2 MB
cache

*With external
ProLiant
storage systems
Cache added
**Mirrored 2 MB
cache

*With external
ProLiant
storage systems
Cache added
**Mirrored 2 MB
cache
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION: Type
Host platform,

software environment
RAID level

Configured by:

Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:
Power backup
FIRST CUSTOMER SHIPMENT

COMMENTS

ASPEC-24

COMPAQ COMPAQ COMPAQ COMPUADD CONCURRENT
COMPUTER COMPUTER COMPUTER COMPUTER
5/66-2100A 5/66-4200A 5/66-4200A

ProLiant 4000 |ProLiant 2000 ([ProLiant 4000 |DriveArray D-251

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive Captive Captive PCM Captive
Subsystem Subsystem Subsystem Subsystem Subsystem
Compaq Compagq Compaq SCS| host Concurrent
UNIX,NetWare,NT| UNIX, K NetWare ,NT|UNIX,NetWare,NT|DOS, 0S/2, UNIX|UNIX (RTU)
0S/2,VINES,LAN | 0S/2,VINES,LAN |0S/2,VINES,LAN |Novell, other

0/1/4/5 0/1/4/5 0/1/4/5 0/1/5 0/1

Host Host Host Host

2.1 4.2 4.2 1/.5/2 2.8
10.5/147* 10.5/147* 10.5/147* 8/4/8 45

2 2 2 2 2

14 14 14 5 32

1 1 1 1 2,8

EISA EISA EISA SCS!1-2 VME

8CSl -2 SCSsl-2 SCS1-2 scsl, scsi-2 IP1-2

4+ 4** 4%+ -- 5, .5
Write Write Write -- Read

With duplexing |With duplexing |With duplexing |No Yes

No No No Yes No

No No No Yes No
Auto-background| Auto-background| Auto-background|Manual -backgrnd |Auto

Yes Yes Yes Yes Yes

33 33 33 10 20

10 10 10 10 7.5

1050 2100 2100 500, 1000, 2000|134t

3.5", 1.625" 3.5", 1.625" 3.5", 1.625" 3.5", 41.3 mm [5.25"

10.5 9.5 9.5 Drive dependent|11.5

5.5 4.7 4.7 Drive dependent|5.56
Fujitsu, H-P, [H-P, Seagate H-P, Seagate Various Seagate
Micropolis, IBM ST81154K
25.8 x 25.8 x 25.8 x 15.5 x 5.25 x
8.75 x 22.4 8.75 x 22.4 8.75 x 22.4 15.5 x 15.5 19 x 25
445 watts 445 watts 445 watts N/A 20 watts+drives
Cache battery |Cache battery |Cache battery |None UpPs

4Q93 4Q93 4Q93 5/93 11/92
*With external | *With external |*With external |Raidtec Supports
ProLiant ProLiant ProLiant control ler concurrent
storage systems|storage systems|storage systems mirroring,
Cache added Cache added Cache added striping and
**Mirrored 2 MB| **Mirrored 2 MB|**Mirrored 2 MB dual porting

cache

cache

cache
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ASPEC-25
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION: Type
Host platform,

software environment
RAID level

Configured by:

Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height

Average positioning time (msec)

Average rotational delay (msec)
Drive models
ARRAY SIZE: Inches: Hx Wx D
POWER:

Power backup
FIRST CUSTOMER SHIPMENT

COMMENTS

CONCURRENT CONLEY CONLEY CONLEY CONNER
COMPUTER STORAGE

SYSTEMS
Sh-22 SoftRAID SR1 SR2 CR611DE

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive OEM OEM, PCM OEM, PCM PCM
Subsystem Software Subsystem Subsystem Subsystem
Concurrent Macintosh,Power|Sun, Macintosh,|Sun, Macintosh, |SCSI host
UNIX (RTU) PC, Quadra SCS| hosts, SCSI| hosts NetWare, DOS,
UNIX, NetWare NT, other
0/1 0/1/10 0/1/3/5 0/1/3/5 0/1/5
Host Host Host
1.7 Drive dependent|10 10 5
27 Drive dependent|315 315 6
2 2 3 3 6
32 5 10 10 6
2,8 1 7 7 1
VME sCs|-2 SCs|-2 SCSI1-2 EISA
IP1-2 SCSs|-2 SCSI-2 SCS|-2 SCSi-2
5, .5 -- 1 1 --
Read -- Read, Write Read, Write --
Yes NA Yes Yes No
No NA Yes Yes Yes
No NA Yes Yes Yes
Auto - Man,Auto-backgr|Man,Auto-backgr |Man, Auto-backgr |Man, Auto-backgr
Yes Yes Yes Yes Yes
20 Drive dependent|40 40 Host dependent
6 Drive dependent|5 10 10/20
850 Drive dependent|2000-9000 2000-9000 1000
8" 3.5", 5.25" 3.5" or 5.25" |3.5" or 5.25" |3.5", 41.3 mm
15 Drive dependent{Drive dependent|Drive dependent|9.5
8.3 Drive dependent|Drive dependent|Drive dependent|5.55
Seagate Various Seagate Seagate Conner CFP-1060
ST41800K
5.25 x N/A 28 x 28 x 12.5 x
19 x 25 9 x 22 9 x 22 7.5 x 12.5
20 watts+drives|N/A 250 watts 250 watts 85 watts
UPS None None None
5/91 11/93 11/91 11/91 1/94
Supports Software array Uses modified
concurrent sold with Buslogic RAID
mirroring, Conley software
striping and control ler
dual porting
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONF|GURATION:

Host platform,

Type

software environment

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)

Spare drive (No

ARRAY PERFORMANCE: Boot from array?

TransfTer rate:

DRIVES: Formatted capacity/drive(MB)

Nominal disk di

Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

MIN
MAX

(Gbytes)

per array
per array
channels

1o host

, max: MB)
(Read, Write)

(Yes/No)

ne/Auto/Manual)

host (MB/Sec)
drive (MB/Sec)

ameter, height

Inches: Hx Wx D

| PMENT

ASPEC-26

CONNER CONNER CONNER CONSENSYS CONSENSYS
STORAGE STORAGE STORAGE
SYSTEMS SYSTEMS SYSTEMS
CR611DI CR611DM CR622DE RAIDIX RAIDIX/IDE

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM PCM OEM PCM

Subsystem Subsystem Subsystem Software Board

SCS| host SCS!| host SCS| host Various PC compatible
NetWare, DOS, [NetWare, DOS, |NetWare, DOS, |UNIX, SCO, UNIX, Solaris
NT, other NT, other NT, other Solaris, other

0/1/5 0/1/5 0/1/5 0/1/5 0/1/5*

Host Host Host Host

5 5 5 Drive dependent|Drive dependent
6 6 6 Drive dependent|Drive dependent
6 6 6 -- 2

6 6 6 -- 8

1 1 1 1 1

PC AT MCA EISA EISA E1SA

S¢St -2 8CSi-2 SCS1 -2 IDE, SCSI IDE

-- -- 4, 64 -- -

-- -- Read, Write -- --

No No No N/A Option

Yes Yes Yes N/A --

Yes Yes Yes N/A --

Man,Auto-backgr

Man,Auto-backgr

Man, Auto-backgr

Manual -backgrnd

Manual -backgrnd

Yes Yes Yes Yes Yes

Host dependent |Host dependent |33 Host dependent |33

10/20 10/20 10/20 Drive dependent|Drive dependent
1000 1000 1000 Drive dependent|Drive dependent
3.5", 41.3mm |[3.5", 41.3 mm |3.5", 41.3 mm |Drive dependent|3.5", 41.3 mm
9.5 9.5 9.5 Drive dependent|Drive dependent
5.55 5.55 5.55 Drive dependent|Drive dependent
Conner CFP-1080| Conner CFP-1060|Conner CFP-1060|Various Various

12.5 x 12.5 x 12.5 x -- 4.25 x

7.5x 12.5 7.5x12.5 7.5 x 12.5 13

85 watts 85 watts 85 watts -- 5 watts+ drives
None None None - None

1/94 1/94 2/94 1993 1993

Uses modified |Uses modified [Mylex *Combined RAID
Buslogic RAID |Buslogic RAID |controller 0/1 available
software software
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ASPEC-27

MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type
Host platform,

software environment
RAID level

Configured by:
Array capacity (Gbytes) MIN
MAX
Minimum drives per array

Maximum drives per array
Concurrent host channels
Array interface to host

Drive interface

Cache size (min, max: MB)

Cache function (Read, Write)
Redundancy: Controller (Yes/No)

Fan (Yes/No)
Power supply (Yes/No)

Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

CONSENSYS CONTROL CONTROL CONVEX CONVEX
DATA DATA COMPUTER COMPUTER
SYSTEMS SYSTEMS

RAIDIX/SCSI 47008 5830 DAR-004 DAR-005

Net/Mini/Multi [Net/Mini/Multi [Mainframe Very High Perf. [Very High Perf.

OEM Captive Captive Captive Captive

Software Board Subsystem Subsystem Subsystem

PC compatible |SGI, MIPS SGl, MIPS,CYBER|Convex C3 Convex C3
UNIX UNIX-NOX,VE-NOS|series series

0/1/5* 0/3 0/3 0/1/5 0/1/5
Host Host Host Host

Drive dependent| 2.4 2.4

Drive dependent| 64 64 34 67

2 2 2 12 24

8 32 32 32 32

1 2 4, 8 4 4

EISA VME IPI-3 IPI1-2 IP1-2

SCS| IP1-2 IP1-2 IPI-2E IP1-2E

-- None None -- -

-- -- -- None None

Option Yes Yes No No

- No No No No

-- No No No No

Manual -backgrnd| Manual -back, for | Manual -back, for |Auto Auto

Yes No No Yes Yes

33 25 25 45 45

10 7.5 7.5 7.5-12 7.5-12

Drive dependent|Drive dependent|Drive dependent|2800 2800

Drive dependent|5.25" 5.25", 8" 5.25" 5.25"

Drive dependent] 11 11/18 11 11

Drive dependent|5.55 5.55/8.3 5.56 5.56

Various Seagate Seagte.ST81154K|Seagate Seagate
ST41201K,41800K|41201K, 41800K |Elite Il] 2HP |Elite 1Il 2HP

4.25 x 7 x 60 x 70 x 70 x

13 19 40 x 30 25.1 x 39.3 25.1 x 39.8

2 watts+ drives|85 watts(Board)|2.8 KVA N/A N/A

None None UPS

1993 8/91 6/89 7/93 7/93

*Combined RAID
0/1 available

Requires SCSI
controller

Drives use 2
paral lel heads
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFI|GURATION:

Host platform,

Type

software environment

RAID level
Configured by:

Array capacity (Gbytes)

Minimum drives per array

Maximum drives per array

Concurrent host channels

Array interface to host

Drive interface

Cache size (min, max: MB)

MIN
MAX

Cache function (Read, Write)

Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

(None/Auto/Manual )

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)

Nominal disk diameter, height

Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup

FIRST CUSTOMER SHIPMENT

COMMENTS

Inches: Hx Wx D

ASPEC-28

CONVEX CORE CORE CORE CORE
COMPUTER INTERNATIONAL | INTERNATIONAL | INTERNATIONAL | INTERNATIONAL
DAR-007 500/2 800/2 1300/2 LA-2000

Very High Perf.

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive OEM, PCM OEM, PCM OEM, PCM OEM, PCM
Subsystem Subsystem Subsystem Subsystem Subsystem
Convex C3 SCS| host SCSI host, Various PCs, SCSI host
series Workstations, |[Workstations, |Workstations, |NetWare, UNIX,
Networks Networks Networks 0S/2, DOS
0/1/5 3/5 3/5 3/5 3/5
Host Host Host Host Port
.510 .842 1.35 2
89 1.020 1.68 2.7 2
32 10 5 5 5
32 10 10 5 5
4 1 1 1 1
IP1-2 SCS| SCs! SCSI SCS|-2
IP1-2E IDE IDE IDE IDE
- 2 2 2 2
None Read, Write Read, Write Read, Write Read, Write
No No No No No
No No No No Yes
No No No No Yes
Auto Manual -backgrnd| Manual -backgrnd|Manual -backgrnd |Manual -backgrnd
Yes Yes Yes Yes Yes
45 5 5 5 5
7.5-12 6 6 6 6
2800 130 213 340 540
5.25" 2.5", 19 mm 2.5", 19 mm 2.5", 19 mm 3.5", 41.3 mm
11 17 12 12 12
5.56 8.3 5.6 5.6 6.8
Seagate Various Various Various Fujitsu
Elite Il 2HP
70 x 7.5 x 7.5 X 7.5 % 8.25 x
50.2 x 39.3 14 x 12 14 x 12 14 x 12 12.5 x 18
N/A 108 watts
None None None None
7/93 8/92 1093 12/93 2/93
500/2 is 2 800/2 is 2 1300/2 is 2
MA-500 in MA-800 in MA-1300 in

external mount

external mount

external mount
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ASPEC-29

MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)

Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

ON: Type

onment
(Gbytes) MIN
MAX
per array

per array

channels

to host

, max: MB)

(Read, Write)

(Yes/No)
host (MB/Sec)

drive (MB/Sec)

es: Hx WxD

IPMENT

CORE CORE CORE CORE CORE

INTERNATIONAL | INTERNATIONAL | INTERNATIONAL [ INTERNATIONAL |INTERNATIONAL
LA-8000 LA-10000 MA-500 MA -800

LA-4000 LAN ARRAY LAN ARRAY MicroArray MicroArray

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Mul ti

Net/Mini/Multi

OEM, PCM OEM, PCM OEM, PCM OEM, PCM OEM, PCM

Subsystem Subsystem Subsystem Subsystem Subsystem
SCSI host SCS| host SCS| host SCS! host

NetWare, UNIX, |NetWare, UNIX, |NetWare, UNIX, |Various Various

0S/2, DOS 0S/2, DOS 0S/2, DOS

3/5 3/5 3/5 3/5 3/5

Host, Port Host, Port Host, Port Host Host

4 8 10 .510 .842

4 10 10

5 5 6 5 5

5 6 6 5 5

1 1 1 1 1

SCS1-2 SCs1-2 SCSi-2 SCS1-2 SCSI1-2

IDE SCSI-2 scsi-2 IDE IDE

2 2 2 2 2

Read, Write Read, Write Read, Write Read, Write Read, Write

No No No No No

Yes Yes Yes No No

Yes Yes Yes No No

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Yes Yes Yes Yes Yes

5 10 10 5 5

6 10 10 6 6

1000 2000 2000 130 213
3.5", 41.3mm |3.5", 41.3 mm [3.5", 41.3 mm |2.5", 19 mm 2.5", 19 mm
10 9 9 17 12

5.6 5.6 5.6 8.3 8.3
Micropolis Various Various Various Various
8.25 x 8 x 8 X 3.25 x 3.25 x
12.5 x 18 13.7 x 18 13.7 x 18 5.75 x 8 575 x 8
144 watts 85 watts 98 watts N/A N/A

None None None None None
2/93 12/93 1/94 8/92 1Q93

1994 DISK/TREND REPORT




MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFIGURATI
Host platform,
‘software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

ON: Type

onment

(Gbytes) MIN
MAX

per array
per array
channels

1o host

, max: MB)

(Read, Write)

(Yes/No)
host (MB/Sec)

drive (MB/Sec)

es: Hx WxD

| PMENT

ASPEC-30

CORE COREL CRAY CRAY CRAY
INTERNAT | ONAL RESEARCH RESEARCH RESEARCH
MA-1300 Network Manager|DA-301 DA-60 DA-62

Net/Mini/Multi

Net/Mini/Multi

Very High Perf.

Very High Perf.

Very High Perf.

PCM OEM, PCM Captive Captive Captive

Subsystem Software Subsystem Subsystem Subsystem

SCS| host PC compatible |Cray Cray Cray

Various NetWare 3.1X, [Unicos Unicos Unicos
NetWare 4.X

3/5 4/5 3 3 3

Host, Port Host Host Host Host

1.35 Drive dependent|5.51 7.84 10.92

1.35 Drive dependent|44.08 62.72 87.36

5 3 5 5 5

5 16 40 40 40

1 1 1 1 1

SCsi-2 SCS|-2 IPI-2 IP1-2 IPI1-2

IDE Scsi -2 IP1-2 IPI-2 IP1-2

2 - - - - -

Read, Write -- -- -- --

No -- No No No

No -- No No No

No -- No No No

Manual -backgrnd| Man, Auto-backgr|Manual Manual Manual

Yes Yes Yes Yes Yes

5 10/20 32 80 32

6 10/20 8.2 20 8.1

340 Drive dependent| 1377 1960 2730

2.5", 19 mm Drive dependent|3.5", 41.3 mm |8", 8.44" 8", 4.75"

12 Drive dependent|11 12 12

5.6 Drive dependent|5.56 8.3 6.87

Various Various |1BM 0664 (2 Seagate Sabre 6|Seagate Sabre 7

head parallel) |PTD 9 head PTD

3.25 x -- 60.75 x 60.75 x

575 x 8 -- 24 x 40.8 24 x 40.8

65 watts -- 167 watts/drive|275 watts/drive|167 watts/drive

None -- Nene None None

4Q93 1Q94* 1/93 12/92 12/92
*Shipped as DCA-3 channel (DCA-3 channel |DCA-3 channel
Corel RAID in |adapter adapter adapter
3093 controls up to [controls up to |controls up to

8 DA-301 array
groups

8 DA-60 array
groups

8 DA-62 array
groups
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ASPEC-31
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

CRAY CRAY DATA DATA DATA

RESEARCH RESEARCH GENERAL GENERAL GENERAL
1100 1300 2000/2200

ND-12 ND-14 CLARi iON CLARi iON CLARi iON

Very High Perf.

Very High Perf.

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

MARKET Captive Captive OEM OEM OEM
ARRAY CONFIGURATION: Type Subsystem Subsystem Subsystem Subsystem Subsystem
Host platform, Cray Cray Sun,AVi.,Unisys|Sun,AVi.,Unisys|Sun,AVi.,Unisys
software environment Unicos Unicos Eclip.,RS/6000, |Eclips.,RS/6000 Eclips.,RS/6000
AS/400,0S8/2,Net|AS/400,0S/2,Net |AS/400,0S/2,Net
RAID level 1/5 1/5 0/1/3/5/10 0/1/3/5/10 0/1/3/5/10
Configured by: Console Console Host, Port Host, Port Host, Port
Array capacity (Gbytes) MIN 27 .4 54.8 3 5 5
MAX 232 232 20 20 40
Minimum drives per array 20 40 3 5 5
Maximum drives per array 160 160 10 10 20
Concurrent host channels 2 2 1, 2 1, 2 1, 2
Array interface to host IPI-3 (HIPPI) | IPI-3 (HIPPI) |SCSI-2 SCSl-2 SCS| -2
Drive interface IPI-2 IPI-2 SCS| SCSi S8CS1-2
Cache size (min, max: MB) 20 20 8, 16 (option) |8, 16 8,16,32,64(opt)
Cache function (Read, Write) Read, Write Read, Write Read, Write Read, Write Read, Write
Redundancy: Controller (Yes/No) No No Yes Yes Yes
Fan (Yes/No) Yes Yes Yes Yes Yes
Power supply (Yes/No) | Yes Yes Yes Yes Yes
Spare drive (None/Auto/Manual) Manual Manual Auto -background|Auto-background [Auto-background
ARRAY PERFORMANCE: Boot from array? | No No Yes Yes Yes
Transfer rate: host (MB/Sec) 87 67 20 20 20
drive (MB/Sec) 5 5 10 10 20
DRIVES: Formatted capacity/drive(MB)| 1700 1700 520, 1000, 2000|520, 1000, 2000|520, 1000, 2000
Nominal disk diameter, height 3.5", 41.3mm {3.5", 41.3 mm [|3.5",41.3 mm (3.5", 41.3 mm [3.5", 41.3 mm
Average positioning time (msec) 9.4 RD/11 WR 9.4 RD/11 WR 8.5-9.4 8.5-9.4 8.5-9.4
Average rotational delay (msec) 5.56 5.56 4.17-5.6 4.17-5.6 4.17-5.6
Drive models IBM Allicat P15| IBM Allicat P15|Various Various Various
ARRAY SIZE: Inches: Hx Wx D 62.25 x 62.25 x 24.8 x 24.8 x 24.8 x
29.5 x 38.5 29.5 x 38.5 10.5 x 30 10.5 x 30 14 x 30
POWER: 3.4 KVA 3.4 KVA 575 watts 575 watts 880 watts
Power backup None None Battery Battery Battery
FIRST CUSTOMER SH!PMENT 11/93 11/93 1/94 3/94 6/92
COMMENTS IBM 9570 IBM 9570 Concurrent Concurrent Concurrent
RAID levels, RAID levels, RAID levels,

mirrored cache

mirrored cache

mirrored cache
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type

Host platform,
software environment

RAID level
Configured by:
Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controlier (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

ASPEC-32

DATA DATA DATALINK DATAL INK DATAL INK
GENERAL STORAGE
MANAGEMENT
2300
CLARi iON Datastor RAID |RSD 500 RSG 200 RSG 300

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM PCM PCM PCM PCM

Subsystem Subsystem Subsystem Subsystem Subsystem

Sun,AVi.,Unisys|SCSI| host SCSI host SCS! host SCSI host

Eclips.,RS/6000| Various UNIX, NFS, VAX [NetWare, SCO NetWare, DOS,

AS/400,08/2,Net station UNIX Apple

0/1/3/5/10 0/3/5 0/3/5 0/1/5 0/1/3

Host, Port Host Panel, Port Host Panel

5 Drive dependent|8 2 2

40 Drive dependent|216 24 16

5 5 5 2 2

20 28 28 7 5

1, 2 1, 3 1-3 1 1

SCsi-2 SCS1-2 SCS|-2 Various sCs|-2

SCS| SCSl-2 SCS1-2 SCSi-2 SCS1-2

8, 16, 32, 64 |8, 32 4, 32 -- None

Read, Write Write Read, Write -- --

Yes Yes No No No

Yes No Yes Yes Yes

Yes No Yes Yes Yes

Auto -background| Auto-background| Man, Auto-backgr |None Manual -backgrnd

Yes Yes Yes No Yes

20 10 10-20 10 10

10 Drive dependent|10 10 10

520, 1000, 2000|Drive dependent|2000, 4000,9000|1000, 2000 1000, 2000,4000

3.5", 41.3 mm |[Drive dependent|3.5", 5.25" 3.5", 25.4 mm |3.5", 25.4 mm

8.5-9.4 Drive dependent|8-12 9-10 8-10

4.17-5.6 Drive dependent|4.2-5.5 5.5 4.2-5.5

Various Various H-P, [IBM, H-P, IBM, H-P, |BM,
Seagate Seagate Seagate

24 .8 x Varies 40 x 15 x 15 x

14 x 30 21 x 27 15 x 15 15 x 15

880 watts 25 watts+drives

Battery Cache battery |UPS battery UPS option UPS option

3/94 9/93 1994 2094 1/94

Concurrent CMD CRD-5000 CMD controller [Uses Buslogic |Raidtec

RAID levels, controller array software |controller

mirrored cache
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ASPEC-33
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION: Type
Host platform,

software environment
RAID level

Configured by:

Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

DATALINK DATARAM DATARAM DATARAM DELL
COMPUTER
RSP 500 DTM900 DTM1000 DTM4000 DSA

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM PCM PCM Captive
Subsystem Subsystem Subsystem Subsystem Subsystem
SCSI| host Sun, DEC, H-P [DEC, Sun, H-P, [Sun, DEC, H-P |Dell

UNIX, NFS, VAX [VMS, UNIX VMS, UNIX VMS, UNIX Lanman 2.2,Del |
station UNIX, NetWare
0/3/5 0/1 0/3/5 0/3/5 0/1/4/5
Panel, Port Port, Panel Port, Panel Port, Panel Host

4 2/1 3/2/2 4

24 24/12 112 14

5 2 3 3 4

14 6 7 21 14

1-3 1, 2 1 1, 2 1, 2

SCSI-2 SCSI, Dss! SCS|, DsSi SCS1, DSsl, ClI |Proprietary
SCS1-2 SCS| -2 SCs1-2 S¢Sl -2 SCSI-2

4, 32 -- 8, 16, 32 8, 16, 32 1

Read, Write -- Read, Write Read, Write Read

No Option No Option Yes

Yes Yes Yes Yes No

Yes No Yes Yes No

Auto-background

Manual -backgrnd

Auto-background

Auto-background

Auto-background

Yes Yes Yes Yes Yes

10-20 10 10 10 16

10 10 10 10 10

2000, 4000,9000| 1000, 2000 1000, 2000,4000(1000, 2000,4000|1050

3.5", 5.25" 3.5", 41.3 mm {3.5", 41.3 mm |3.5", 41.3 mm |3.5", 41.3 mm

8-12 11/9.5/9.5 11/9.5/9.5 11/9.5/9.5 9.5

4.2-5.5 5.56 5.56 5.6 5.56

H-P, IBM, Seagate Seagate Seagate DEC 3105

Seagate

21 x 5.22 x 5.22 x 5.22 x 24 x

7 x 21 17.65 x 22.5 17.65 x 22.5 17.65 x 22.5 7.5 x 22.8

25 watts+drives| - - -- .- Host dependent

Cache battery |-- Cache battery [Cache battery |None

11/93 1994 4093 1994 3/93

CMD controller [TD Systems StorageWorks StorageWorks ISA bus, RAID
control ler compatible compatible 1/0 version

disk canisters

CMD controller

disk canisters

CMD controller

shipped 11/92
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFIGURATI
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

ON: Type

onment

MIN
MAX

(Gbytes)

per array
per array
channels

1o host

, max: MB)

(Read, Write)

(Yes/No)

(None/Auto/Manual)

host (MB/Sec)
drive (MB/Sec)

es: Hx Wx D

IPMENT

ASPEC-34

DIGI -DATA DiGI-DATA DIGITAL DIGITAL DIGITAL
EQUIPMENT EQUIPMENT EQUIPMENT
CORPORAT [ON CORPORAT | ON CORPORATION

Model Z Mode! Z9000 DECraid+ HSC65 SDI HSC65 SD1/8CS|

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM OEM Captive Captive Captive
Board Board Subsystem Subsystem Subsystem
SCS1-2 host SCSI-2 host VAX, Alpha, VMS|VAX, Alpha, VMS|VAX, Alpha, VMS
Various Various ULTRIX

0/3/5 0/3/5 0/1/0+1 0/1 0/1

Port Port Host Host Host

Drive dependent|Drive dependent|2 1 1

Drive dependent|Drive dependent|96 40 40/21

5 5 5 1 1

35 35 48 20 20/20

1 1 1 1, 8 1, 3

SCS1-2 SCSi-2 cl Cl Cl

SCS1-2 SCs1-2 SDI SDI SDI, SCSI-2
-- To 128 --, 128 64, 64 64, 64
Read, Write Read, Write Read Read Read

No No Yes Yes Yes

No No -- No No

No No Yes No No
Auto-backgrnd* | Auto-background;Auto Auto (option) |Auto (option)
Yes Yes -- Yes Yes

20 20 4 4 4

10 10 4 2.8 2.8, 10
Drive dependent|Drive dependent|1000, 2000 1000, 2000 1000, 2000
Drive dependent|Drive dependent|5.25", 82.6 mm |5.25", 82.6 mm |5.25", 82.6 mm
Drive dependent|Drive dependent|{12.5-12.9 12.5 12.5

Drive dependent|Drive dependent|8.3 8.3 8.3

Various Various RA72, RA73 RA72, RA73 RA72, RA73
3.25 x 3.25 x 81 x 41.7 x 41.7 x

5.75 x 8** 5.75 x 8* 22 x 38 21.3 x 35 21.3 x 35
26 watts+drives|26 watts+drives| 1470 watts 785 watts 785 watts
None None -- None None

4792 3/94 6/92 9/92 3/93
*Starting in *Without drives|Software-based

1994 subsystem

**Without

drives
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ASPEC-35
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONF|GURATION:

Type

Host platform,
software environment

RAID level

Configured by:

Array capacity (Gbytes)

MIN
MAX

Minimum drives per array

Maximum drives per array

Concurrent host channels

Array interface to host

Drive interface

Cache size

(min, max: MB)

Cache function (Read, Write)

Redundancy: Controller (Yes/No)

Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Fan (Yes/No)

Power supply (Yes/No)

Transfer rate: host (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

drive (MB/Sec)

Drive models

ARRAY SIZE:

POWER:

Inches: Hx W x D

Power backup

FIRST CUSTOMER SHIPMENT

COMMENTS

DIGITAL
EQUIPMENT
CORPORATION

DIGITAL
EQUIPMENT
CORPORATION

DIGITAL
EQUIPMENT
CORPORATION

DIGITAL
EQUIPMENT
CORPORAT|ON

DIGITAL
EQUIPMENT
CORPORATON

HSC85 SDI

HSC95 SD1/SCSl

HSDO5

HSJ30
StorageWorks

HSJ40
StorageWorks

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive

Captive

Captive

Captive

Captive

Subsystem

Subsystem

Software

Subsystem

Subsystem

VAX, Alpha, VMS
ULTRIX

VAX, Alpha, VMS
ULTRIX

VAX, Alpha, VMS

VAX, Alpha, VMS
OSF

VAX, Alpha, VMS
OSF

0/1 0/1 0/1 0/1/3/5 0/1/3/5

Host Host

1 1 2.1 4.2 4.2

96 40/27.3 12.6 37.8 75.6

1 1 2 2 2

48 20/26 6 18 36

1, 8 1, 8 1 1, 8 1, 8

cl Cl DSSI Cl Cl

SDI sDI, SCSI-2 SCS| SCS1 -2 SCSi-2

64, 64 64, 64 -- 0, 32 16, 32

Read Read -- Read, Write Read, Write

Yes Yes -- Yes Yes

No No -- Yes Yes

No No -- Yes Yes

Auto (option) |Auto (option) --

Yes Yes Yes Yes Yes

4 4 3 4-6 4-6

2.8 2.8, 10 Drive dependent|Drive dependent

1000, 2000 1000, 2000 1050,2100,3600 |1050,2100,3600 |1050,2100,3600

5.25", 82.6 mm |5.25", 82.6 mm |3.5", 5.25" 3.5, 5.25" 3.5", 5.25"

12.5 12.5 9.5-12 9.5-12 9.5-12

8.3 8.3 5.6 5.6 5.6

RA72, RA73 RA72, RA73 RZ26, RZ28, RZ26, RZ28 RZ26, RZ28,
RZ74 RZ74 RZ74

41.7 x 41.7 x -- Various Various

21.3 x 35 21.3 x 35 configurations |configurations

785 watts 785 watts -- 1300-3140 watts|1300-3140 watts

None None --

9/92 3/93 1/94 1094 3Q93
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

ON: Type

onment

MIN
MAX

(Gbytes)

per array
per array
channels

to host

, max: MB)

(Read, Write)

(Yes/No)

host (MB/Sec)

drive (MB/Sec)

es: Hx WxD

IPMENT

ASPEC-36

DIGITAL DIGITAL DIGITAL DIGITAL DIGITAL

EQUIPMENT EQUIPMENT EQUIPMENT EQU| PMENT EQUIPMENT

CORPORATION CORPORATION CORPORATION CORPORATION CORPORATION
QL-OMHA* -AA

HSJ42 HSJ44 QL-OMGAA-3B RAID Array 110 |RM HSCS5

StorageWorks StorageWorks StorageWorks StorageWorks SD1/SCs|

Net/Mini/Mul ti

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive Captive Captive Captive Captive
Subsystem Subsystem Software Subsystem Subsystem
VAX, Alpha, VMS|VAX, Alpha, VMS|Open VMX VAX Digital, Sun, [VAX, Alpha, VMS
OSF OSF PC servers, VMS
NetWare, UNIX

0/1/3/5 0/1/3/5 5 0/1/5 0/1

Host Host Host
4.2 4.2 -- 5.25 1
151.2 226.8 -- 35.175 40/29.4
2 2 -- 5 1
36/72 72/144 7 + parity 35 20/28
1, 8 1, 8 -- 1 1, 8
Cl Cl Varies SCS| Digital prop.
S¢Sl -2 SCSI1-2 Varies scsi-2 SDI, SCSI-2
32, 64 64, 128 -- 64, 64
Read, Write Read, Write -- Read
Yes Yes -- Option Yes
Yes Yes -- Yes No
Yes Yes - Yes Yes

-- Auto (option) |Auto (option)
Yes Yes -- Yes
4-6 4-6 Drive dependent 4
Drive dependent|Drive dependent|Drive dependent 2.8, 10
1050,2100,3600 | 1050,2100,3600 |Drive dependent]1050, 2100 1000, 2000
3.5", 5.25" 3.5", 5.25" Drive dependent|3.5", 41.3 mm [5.25", 82.6 mm
9.5-12 9.5-12 Drive dependent|9.5 12.5
5.6 5.6 Drive dependent|5.6 8.3
RZ26, RZ28, RZ26, RZ28, Various RZ26, RZ28 RA72, RA73
RZ74 RZ74
Various Various -- 24 x 67 x
configurations |configurations 14 x 15 31 x 34.5
1300-3140 watts| 1300-3140 watts|-- 131 watts 785 watts

-- Battery option |Battery
1094 1094 12/93 5/93 3/93
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ASPEC-37
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFIGURATION:

Type

Host platform,
software environment

RAID level

Configured by:

Array capacity (Gbytes)

MIN
MAX

Minimum drives per array

Maximum drives per array

Concurrent host channels

Array interface to host

Drive interface

Cache size (min, max: MB)

Cache function (Read, Write)

Redundancy: Controller (Yes/No)

Spare drive (None/Auto/Manual})

ARRAY PERFORMANCE: Boot from array?

Fan (Yes/No)

Power supply (Yes/No)

Transfer rate: host (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

drive (MB/Sec)

Drive models

ARRAY SIZE:

POWER:

Inches: Hx Wx D

Power backup

FIRST CUSTOMER SHIPMENT

COMMENTS

DIGITAL
EQUIPMENT
CORPORAT|ON

DIGITAL
EQUIPMENT
CORPORATION

DIRECT
CONNECT
SYSTEMS

DIRECT
CONNECT
SYSTEMS

DIRECT
CONNECT
SYSTEMS

RM HSC95 SCS|

Volume
Shadowing,
Version 6.0

Guardian Array

Guardian Duplex

Guardian RAID

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive Captive, OEM PCM PCM PCM

Subsystem Software Subsystem Subsystem Subsystem

VAX, Alpha, VMS|VAX, Alpha DEC, Sun, AT&T [DEC, Sun, AT&T |DEC, Sun, AT&T
UNIX, 0S/2, UNIX, 0S/2, UNIX, 0S/2,
NetWare NetWare NetWare

0/1 1 3 1 0/3/5

Host

1.05 -- Drive dependent|Drive dependent|Drive dependent

58.8 464 Drive dependent|Drive dependent|Drive dependent

1 1 3 2 3

56 130 x 3 6 12 28

1,8 1, 130 1 1, 2 1, 3

Digital prop. |DSSI, SCSl, Cl |sCSl-2 SCS1-2 SCS|-2

SCSi -2 Dssl, scsl, €l |sCsi-2 Scsl|-2 SCSi-2

64, 64 Dssi, sCsi, CI j-- -- 32

Read -- -- -- Read

Yes -- No Yes No*

No -- Yes Yes Yes

Yes -- Yes Yes Yes

Auto (option) |-- Man, Autc-backgr [Man, Auto-backgr |Man, Auto-backgr

Yes Yes Yes Yes Yes

4 Drive dependent|10 10 10

10 Drive dependent|10 10 10

1050, 2100 Drive dependent]|1600-2000 1600-2000 1600-2000

5.25", 41.3 mm |Drive dependent|{3.5", 41.3 mm |3.5", 41.3 mm |3.5", 41.3 mm
9.5 Drive dependent|Drive dependent|Drive dependent|Drive dependent
5.6 Drive dependent|Drive dependent|Drive dependent|Drive dependent
RZ26 Various Digital 3160 Digital 3160 Digital 3160
Seagate Barrac.|Seagate Barrac. |Seagate Barrac.
67 x -- 22.25 x 22.25 x 22.25 x
31 x 34.5 7.5 x 23 7.5 x 23 7.5 x 23
785 watts -- 170 watts 170 watts 170 watts
Battery -- None None None
3/93 1990 10/93 10/93 9/93
Raidtec TD Systems CMD CRD5000
control ler control ler *Future option
Rack mount Rack mount Rack mount
option avail. |option avail. |option avail.

1994 DISK/TREND REPORT




MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type

Host platform,

software environment

RAID level

Configured by:

Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx W x D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

ASPEC-38

DIRECT DISK DISTRIBUTED DISTRIBUTED DIVERSE
CONNECT PACK PROCESSING PROCESSING LOGISTICS
SYSTEMS TECHNOLOGY TECHNOLOGY
Smart Cache
DM 4000 Plus
Guardian Bulk Disk Array Mirroring
Server DP-RAID Module Option Windjammer

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM OEM, PCM OEM PCM
Subsystem Subsystem Board Board Board
DEC, Sun, AT&T |SCS| host PC compatible |PC compatible |SCSI| host
UNIX, 0S/2, Various NetWare, VINES, [NetWare, VINES, [NetWare, UNIX
NetWare LAN Mgr., UNIX [LAN Mgr., UNIX
0/1 0/3/5 0/1/5 1 0/1
Port Host Preset Panel, Port
27 .950 Drive dependent|Drive dependent |Drive dependent
63 10 Drive dependent|Drive dependent|Drive dependent
3 5 2 2 2
7 5 6 6 14
1, 2 1 1 1 1
scsi-2 SCS|-2 ISA, EISA SCSI-2 sCsl-2
SCs1-2 SCsl-2 SCsi-2 SCsi, sCsi-2 SCS1-2
- - 1, 64 .512, 16 4, 64
-- -- Read, Write Read, Write Read
No No No No No
Yes -- No No No
Yes Yes No No No
Man, Auto-backgr| Manual -backgrnd| Auto-background|None Man,Auto-backgr
Yes Yes Yes Yes Yes
10 20 10/33 Drive dependent|20
10 20 10 Drive dependent|{10
9100 Drive dependent|Drive dependent|Drive dependent|Drive dependent
5.25" 3.5", 25.4 mm |Drive dependent|Drive dependent|3.5", 41.3 mm
11 12 Drive dependent|Drive dependent|Drive dependent
5.6 Drive dependent|Drive dependent|Drive dependent|Drive dependent
Seagate Elite 9| Various Various Various Various
22.25 x 21.5 x 4.75 x 4.75 x 1.625 x
7.5 x 23 7.8 x 19 13 13 5x8
300 watts 100 watts 10 watts+drives|5 watts+ drives|8 watts+ drives
None UPS None None None
3/94 1993 3093 2/92 1/94
CMD SCEA Digi-Data Smart Cache |11
controller control ler SCSI Controller
option. CM4000
Rack mount cache module is
option avail. prerequisite.
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ASPEC-39
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFIGURAT!
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

ON: Type

onment

(Gbytes) MIN
MAX

per array
per array
channels

1o host

, max: MB)

(Read, Write)

(Yes/No)
host (MB/Sec)

drive (MB/Sec)

es: Hx WxD

| PMENT

DIVERSE DIVERSE DIVERSE DTC DTC
LOGISTICS LOGISTICS LOGISTICS TECHNOLOGY TECHNOLOGY
Windjammer 400 |Windjammer 800 (Windjammer 1400(DTC 3199 DTC 8200

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM PCM OEM OEM
Board Board Board Board Board
SCSI host SCSI host SCS| host Various Various

NetWare, UNIX

NetWare, UNIX

NetWare, UNIX

NetWare, 0S/2,
UNIX

NetWare, 0S/2,
UNIX

0/1
Panel, Port

0/1
Panel, Port

0/1
Panel, Port

0/1/4/5/10
RS-232C

0/1/10

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

Drive dependent
Drive dependent

2 2 2 2 2

4 8 14 21 7

1 1 1 1 1

SCs1-2 SCS|-2 SCSI-2 EISA SCsl|-2
8CSl1-2 SCS1-2 SCS1-2 SCSl| -2 SCs|-2

4, 64 4, 64 4, 64 4, 16 .256, -
Read Read Read Read, Write Read, Write
No Yes (option) Option -- --

Yes Yes Yes -- --

Yes Yes Yes - --

Man,Auto-backgr

Man,Auto-backgr

Man,Auto-backgr

Auto -background

Auto-background

Yes Yes Yes -- --
20 20 20 10 10
10 10 10 Drive dependent |Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 41.3 mm

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent|Drive dependent|Drive dependent|Drive dependent|Drive dependent
Various Various Various Various Various
26 x 1x 1x
7 x 12 5x7.2 4 x5.5
8 watts+ drives|8 watts+ drives|8 watts+ drives
None None None
1/94 1/94 1/94 11/93 8/82
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION:

Host platform,

Type

software environment

RAID level
Configured by

Array capacity

Minimum drives

Maximum drives

(Gbytes) MIN
MAX

per array

per array

Concurrent host channels

Array interface to host

Drive interface

Cache size (min, max: MB)

Cache function

Redundancy: Controller (Yes/No)

(Read, Write)

Fan (Yes/No)

Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup

(None/Auto/Manual )

host (MB/Sec)
drive (MB/Sec)

Inches: Hx Wx D

FIRST CUSTOMER SHIPMENT

COMMENTS

ASPEC-40

DTC DYNATEK DYNATEK DYNATEK DYNATEK

TECHNOLOGY AUTOMAT [ON AUTOMAT ION AUTOMAT ION AUTOMAT ION
SYSTEMS SYSTEMS SYSTEMS SYSTEMS

DTC 8210 IR 1.0Q1 IR 2.0Ql 1R 500Q1 RDR 2.0

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM PCM PCM PCM PCM
Board Subsystem Subsystem Subsystem Subsystem
Various PC compatible |PC compatible |PC compatible |RS/6000

NetWare, 0S/2,
UNIX

NetWare, SCO
UNIX

NetWare, SCO
UNIX

NetWare, SCO
UNIX

NetWare, 0S/2

0/1/4/5 0/5 0/5 0/1/4/5 0/1/3/5
RS232 Host Host

Drive dependent|2.1/1.05 4.2/2.1 6/.3/.4/.4 1.5/.8/1/1
Drive dependent 6/.3/.4/ .4 2.6/1.8/2.1/2.1
2 3 3 3 3

7 3 3 3 5

1 1 1 1 1

SCSi-2 SCSI -2 EISA EISA SCSI, sCsi-2
sCsl1-2 SCS1-2 SCS1-2 scsl -2 SCSI, SCSi-2
4, 64 -- -- --

Read, Write -- -- --

-- No No No No

-- No No No Per drive

-- No No No Per drive

Auto-background

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

-- Yes Yes Yes Host dependent

10 10 10 10 10

Drive dependent| 10 20 10 5

Drive dependent| 525 1050 200 520

Drive dependent|3.5", 25.4 mm |3.5", 41.3 mm |[3.5", 25.4 mm (3.5", 41.3 mm

Drive dependent| 10 8.6 RD/10.1 WR |16 12

Drive dependent|6.7 5.6 7 6.8

Various Quantum 5258 IBM 0662-S12 Quantum 240S Fujitsu M2624
LPS LPS

1.6 x 3.25 x 3.25 x 3.25 x 19 X

5.7 x84 5.75 x 8.9 5.75 x 8.9 5.75 x 8 12 x 20.25
60 watts 60 watts 60 watts 250 watts
None None None None

4/94 1993 1993 1993 2092

DPT controller

DPT controller
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ASPEC-41
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFIGURAT!
Host platform,
software envir

" RAID level
Configured by:

Array capacity

Minimum drives

Maximum drives

ON: Type

onment
(Gbytes) MIN
MAX
per array

per array

Concurrent host channels

Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

1o host

, max: MB)

(Read, Write)

(Yes/No)

host (MB/Sec)

drive (MB/Sec)

es: Hx WxD

| PMENT

DYNATEK DYNATEK DYNATEK DYNATEK DYNATEK
AUTOMAT ION AUTOMAT ION AUTOMAT ION AUTOMAT ION AUTOMAT ION
SYSTEMS SYSTEMS SYSTEMS SYSTEMS SYSTEMS
RDR 4.0F RDR 4.01 RDR 8.01 XPRS 2.0F XPRS 4.0F

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM PCM PCM PCM

Subsystem Subsystem Subsystem Subsystem Subsystem

RS/6000 SCS! host SCS| host SCS| host SCS| host

NetWare, 0S/2 |NetWare, 0S/2, |NetWare, 0S/2, |Various 0S/2, UNIX,
AlX AlX other

0/1/3/5 0/1/3/5 0/1/3/5 0/1/3/5 0/1/3/5

Host Host Host Host Host

3/1.5/2/2 2/1/2.4/2.4 4/2/4.8/4.8 3.6/1.8/2.4/2.414.8

5/2.5/4/4 5/2.5/4/4 10/5/8/8 12/6/9.6/9.6 9.6

3 3 3 2 2

5 5 5 5 5

1 1 1 1 1

Scsl1, scsi-2 SCS|-2 SCSi-2 SCSs|-2 SCSi-2

SCs1, scsi-2 SCs1-2 SCSi-2 8CSsl|-2 SCS|-2

No No No No No

Per drive Per drive Per drive Per drive Per drive

Per drive Per drive Per drive Per drive Per drive

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Host dependent |Host dependent |Host dependent |Yes Yes

10 10 10 10 10

5 10 10 10 10

1000 1000 2000 520 1206

3.5", 41.3mm |3.5", 25.4 mm |3.5", 41.3 mm [3.5", 41.3 mm |3.5", 41.3 mm

10 8.6 RD/10.1 WR (9.2 RD/10.7 WR |12 10

5.6 5.6 5.6 6.8 5.6

Fujitsu M2694 IBM 0662-S12 1BM 0664-MIH Fujitsu M2624 [Fujitsu M2694
ESA

19 x 19 x 19 x 19 X 19 x

12 x 20.25 12 x 20.25 12 x 20.25 12 x 20.25 12 x 20.25

250 watts 250 watts 250 watts 500 watts 500 watts

None None None None None

2092 1Q93 1Q93 1/94 1/94

AT&T ADP-92-01 | AT&T ADP-92-01 |AT&T ADP-92-01 |Digi-Data Digi-Data

control ler controller control ler control ler control ler
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION:

Host platform,

Type

software environment

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

(Gbytes) MIN
MAX
per array
per array

channels

to host

, max: MB)

(Read, Write)

(Yes/No)

host (MB/Sec)
drive (MB/Sec)

Inches: Hx W x D

IPMENT

ASPEC-42

DYNATEK DYNATEK ECCS ECCS ECCS
AUTOMAT ION AUTOMAT ION

SYSTEMS SYSTEMS

XPRS 4.01 XPRS 8.01 DFT-1 FFT-1 FFT-1035

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM OEM, PCM OEM, PCM OEM, PCM
Subsystem Subsystem Subsystem Subsystem Subsystem
SCS| host SCSI host SCSI host, H-P |SCSI host SCS! host
0S/2, UNIX, 08/2, UNIX, UNIX, NetWare, |UNIX, NetWare, |UNIX, NetWare
other other Solaris VINES Solaris
0/1/3/5 0/1/3/5 1 1/10 0/1/10/3/5
Host Host Preset Preset Preset

5 8.2 Drive dependent|2.1-6.3 10.5-4.2
10 16.4 Drive dependent

2 2 2 2 5

5 5 8 6 20

1 1 1 1, 2 1, 2
SCSI-2 SCSI-2 SCS| -2 SCS1-2 SCsl-2
SCsl1-2 SCS|-2 sCsi-2 SCsl1-2 SCS1-2

-- -- None None None

No No No No Yes

Per drive Per drive No Yes Yes

Per drive Per drive No Yes Yes

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Yes Yes Yes Yes Yes
10 10 10 10 10
10 10 5 5 5
1259 2014 200-860 2100 2100
3.5", 25,4 mm |3.5", 41.3 mm |3.5", 5.25" 3.5" 3.5"

8.5 RD/10.1 WR

9.2 RD/10.7 WR

Drive dependent

Drive dependent

Drive dependent

5.6 5.6 Drive dependent|Drive dependent |Drive dependent
IBM 0662-S12 1BM 0664-MIH Various Various Various

19 x 19 x 10.56 x 8.75 x 29 X

12 x 20.25 12 x 22 7.50 x 11.8 19 x 22 13 x 30

500 watts 500 watts 150 watts 250 watts 250 watts

None None None None None

1/94 1/94 10/92 3/93 7/92

Digi-Data Digi-Data ECCS control ler |ECCS controller |AT&T controller
control ler control ler
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ASPEC-43

MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type
Host platform,
~ software environment
RAID level

Configured by:

Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

ECCS ECCS EMC EMC EMC
HX3 HX3C HX3HA
Micro DFT-1E Micro DFT-1 Harmonix Harmonix Harmonix

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM, PCM OEM, PCM PCM PCM PCM
Subsystem Subsystem Subsystem Subsystem Subsystem
AT&T, H-P, Sun,|SCSI host AS/400 AS/400 AS/400
RS/6000 UNIX, NetWare,

NetWare VINES

1/10 1/10 0/1 0/1 0/1
Preset Preset

.5 .5 1.7 3.4 3.4

2.1 2.1 6.8 6.8 6.8

2 2 2 4 2

2 2 8 8 8

1, 2 1, 2 1 1 1

SCS1-2 Scsi-2 IPI1-3 IPI-3 IP1-3
Scsi-2 SCS1-2 SCSI-2 SCSI1-2 SCS1-2
None None 16, 512 4, 512 4, 512

-- -- Read, Write Read, Write Read, Write
No No No No No

No N/A Yes Yes Yes

No N/A Yes Yes Yes

Manual -backgrnd

Manual -backgrnd

Auto-background

Auto-background

Auto-background

Yes Yes

10 10 10 10 10

5 5 10 10 10

500, 1000, 2100{.500-2100 857 1714 1750

3.5" 3.5" 3.5", 41.3 mm |3.5", 41.3 mm |3.5", 41.3 mm

Drive dependent|Drive dependent|10.5 10.5 10.5

Drive dependent|Drive dependent|5.56 5.56 5.56

Various Various Various Various Various

5.75 x 3.25 x 5.25 x 5.25 x 5.25 x

9.25 x 13.08 5.75 x 8 17.5 x 28 17.5 x 28 17.5 x 28

25 watts 25 watts .26 KVA .26 KVA .26 KVA

None None None None None

2/94 6/93 12/92 6/93 6/93

ECCS controller| ECCS controller|Remote Remote Remote
diagnostics diagnostics diagnostics
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION:

Host platform,
software envir

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

Type

onment

(Gbytes) MIN
MAX

per array
per array
channels

to host

, max: MB)

(Read, Write)

(Yes/No)
host (MB/Sec)

drive (MB/Sec)

es: HxWxD

I PMENT

ASPEC-44

EMC EMC EMC EMC EMC
HX3SC-2 HX3SC-4 HX5 4204 4204 -2S8
Harmonix Harmonix Harmonix Symmetrix Symmetrix
Net/Mini/Multi |Net/Mini/Multi {Net/Mini/Multi |Mainframe Mainframe
PCM PCM PCM PCM PCM
Subsystem Subsystem Subsystem Subsystem Subsystem
AS/400 AS/400 AS/400 IBM mainframes |IBM mainframes
0/1 0/1 0/1 1 0/1

Preset
1.94 7.87 3.4 4
6.79 13.77 6.8 8 7.56
2 4 2 4 4
8 8 5 4 4
1 1 1 4 4
S8CSI-2 SCS|-2 IP1-3 BMX BMX
Scsi-2 SCS|-2 SCS| -2 SCS| SCS|
4 4 4, 128 64, 1500 128, 1280
Read Read Read, Write Read, Write Read, Write
No No No Yes Yes
Yes Yes Yes Yes Yes
Yes Yes Yes No No
Auto-background| Auto-background| Auto -background|Auto Auto
10 10 10 3.0/4.5 3.0/4.5
10 10 10 Drive dependent|Drive dependent
970 1980 1714 1000 1890
3.5", 41.3mm |3.5", 41.3 mm |[5.25", 82.6 mm |5.25", 82.6 mm |3.5", 41.3 mm
10.5 10.5 11.5 Drive dependent|Drive dependent
5.56 5.56 5.56 Drive dependent|Drive dependent
Various Various Various Various Various
5.25 x 5.25 x 6.75 x 31.4 x 31.4 x
17.5 x 28 17.5 x 28 17.5 x 28 11.56 x 33.31 11.56 x 38.31
.26 KVA .26 KVA .35 KVA Varies Varies
None None None Battery Battery
8/93 8/93 4/92 8/90 9/93
Remote Remote Remote Remote Remote
diagnostics diagnostics diagnostics diagnostics diagnostics
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ASPEC-45

MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type
Host platform,
software environment
RAID level
Configured by:
Array capacity (Gbytes) MIN
MAX
Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual).
ARRAY PERFORMANCE: Boot from array?

TransTer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx W x D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

EMC EMC EMC EMC EMC
4206-28 4208-28 4424 4800 5500
Symmetrix Symmetrix Symmetrix Symmetrix Symmetrix
Mainframe Mainframe Mainframe Mainframe Mainframe
PCM PCM PCM PCM PCM
Subsystem Subsystem Subsystem Subsystem Subsystem

IBM mainframes

IBM mainframes

IBM mainframes

IBM mainframes

IBM mainframes
All 0S8

0/1 0/1 1 1 1
Preset Preset Preset
8 10 90
11.34 15.12 48 90 360
6 8 8 8 48
6 8 24 32 128
4 4 8 8 32
BMX BMX BMX BMX/ESCON BMX/ESCON
scsl| SCS| SCS| SCS| sCSI-2
196, 1280 256, 1280 256 256, 3072 1024, 4096
Read, Write Read, Write Read, Write Read, Write Read, Write
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
No No No Yes Yes
Auto Auto Auto Auto Auto-background
3.0/4.5 3.0/4.5 3.0/4.5 3.0/4.5 3.0/4.5

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

1890

1890

1000, 1260

1260, 1890, 2830

1890, 2830

3.5", 41.3 mm

3.5", 41.3 mm

5.25", 82.6 mm

5.25", 82.6 mm

5.25", 82.6 mm

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Various Various Various Various Various

31.4 x 31.4 x 67.9 x 67.9 x 74.9 X

11.56 x 33.31 [11.56 x 33.31 |24.1 x 33 24.1 x 33 68.7 x 36.4

Varies Varies Varies Varies 1.34-6.60 KVA

Battery Battery Battery Battery Battery

9/93 9/98 8/90 1092 1Q93

Remote Remote Remote Remote Remote

diagnostics diagnostics diagnostics diagnostics diagnostics
UPS included.
Version for
Unisys avail.
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type

Host platform,
software environment

RAID level

Configured by:

Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

ASPEC-46

ENCORE EUROLOGIC EXSYS EXSYS FALCON

COMPUTER SYSTEMS STORAGE STORAGE SYSTEMS
LIMITED SYSTEMS SYSTEMS

Infinity EL-RAID 300 RFCS-ISA-3105 |RFCS-1SA-4340 |FalconRAID(C)

Very High Perf.

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive PCM PCM PCM PCM

Subsystem Subsystem Subsystem Subsystem Subsystem

Encore, |BM SCS! host DEC DEC RS6000, H-P,

UMAX -5 "JUNIX, NetWare, DEC, SGI, Sun
other UNIX, AIX

3/5 0/3/5 0/1/5 0/1/5 0/3/5

Host Panel, Port Host Host Host,Panel ,Port

6 Drive dependent|4 4 Drive dependent

32 Drive dependent|14 14 Drive dependent

6 7 4 + parity 4 + parity 4

16 28 4 + parity 4 + parity 28

1, 15 1, 2, 3 1 1 1, 3

VME-proprietary| SCSI-2* DSSI DSS|I SCs| -2

SCS|-2 ScSi-2 SCS|-2 SCsi-2 SCSi-2

64, 572 4, 32 Option Option 8, 32

Read, Write Read, Write Read, Write Read, Write Write

Yes No No No No

Yes Yes Yes Yes Yes

Yes Yes Yes Yes Yes

Manua| -backgrnd

Man, Auto-backgr

Manual -back, for

Manual -back, for

Auto, Man-backgr

Yes Yes Yes Yes Yes*

50 10 4 4 10/20

10 10 10 10 10/20

1050, 1986 Drive dependentj 1050 2100 Drive dependent

3.5", 41.3mm |3.5", 41.3 mm |3.5", 41.3 mm [5.25", 82.6 mm |3.5", 5.25"

Drive dependent|Drive dependent| 10 11 Drive dependent

Drive dependent|Drive dependent|{5.6 5.6 Drive dependent

Various Various DEC DSP3107L DEC DSP3210 Various

5.256 x 40.9 x 10 x 10 x 48 x

19 x 15 23 x 26 21 x 24 21 x 24 12 x 30

N/A 600 watts 355 watts 355 watts 200 watts

Internal UPS Cache battery [None None None

5/93 1993 1093 1093 8/93

Interphase CMD controller |Digi-Data or Digi-Data or CMD controller.

4220 controller CMD controller |CMD controller |[*Host dependent
Optional dual 25 mm h. drives
AC avail. 1094.

*Optional DSSI,
Cl

Many custom
configurations.
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ASPEC-47
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI

Host platform,

ON: Type

software environment

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup
FIRST CUSTOMER SH

COMMENTS

(Gbytes) MIN
MAX

per array
per array
channels

to host

, max: MB)

(Read, Write)

(Yes/No)

host (MB/Sec)
drive (MB/Sec)

Inches: Hx WxD

I PMENT

FALCON FORMAT | ON FORMATION FORMATION FORMAT ION
SYSTEMS
FalconRAID(D) [9937-120 98937-140 9837 -225 9937-240

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM OEM, PCM OEM, PCM OEM, PCM OEM, PCM
Subsystem Subsystem Subsystem Subsystem Subsystem
RS6000, H-P, I1BM AS/400 I1BM AS/400 IBM AS/400 IBM AS/400
DEC, SGI, Sun

UNIX, AIX

0/3/5 5 5 5 5

Port Preset Preset Panel Panel
Drive dependent|2.9 5.9 2.9 5.9

Drive dependent(5.8 11.8 6.69 13.77

3 4 4 4 4

5 7 7 8 + spare 8 + spare
1 1 1 1 1

SCS1-2 SCSi-2 SCsi-2 SCs|-2 SCS1-2
8CSI-2 3CS|-2 sCsl-2 sCSi1-2 SCSI-2

-- 4, 64 4, 64 4, 64 4, 64

-- Read, Write Read, Write Read, Write Read, Write
No No No Yes Yes

Yes Yes Yes Yes Yes

Yes Yes Yes Yes Yes

Auto,Man-backgr

Option-backgrnd

Option-backgrnd

Option-backgrnd

Option-backgrnd

Yes*

10/20 10 10 10/20 10/20

10/20 10 10 10 10

Drive dependent| 1000 2000 1000 2000

3.5", 5.25" 3.5" 3.5" 3.5" 3.5"

Drive dependent|8.8 9.5 8.8 9.5

Drive dependent|5.56 4.69 5.56 4.69
Various

48 x 8.75 x 8.75 x 8.75 x 8.75 x

12 x 30 17 x 29 17 x 29 17 x 29 17 x 29
200 watts 250 watts 250 watts 250 watts 250 watts
None

2/93 3/94 3/94 3/94 3/94
Digi-Data contr{PCM I1BM 9337 PCM |BM 9337 PCM IBM 9337 PCM 1BM 9337
*Host dependent

25 mm h. drives Up to 1 MB Up to 1 MB
avail. 1094. write cache write cache

Many custom
configurations.
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION:

Host platform,

Type

software environment

RAID level

Configured by:

Array capacity (Gbytes)

MIN
MAX

Minimum drives per array

Maximum drives per array

Concurrent host channels

Array interface to host

Drive interface

Cache size (min, max: MB)

Cache function

Redundancy: Controller (Yes/No)

(Read, Write)

Fan (Yes/No)

Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE:

POWER:
Power backup

(None/Auto/Manual)

host (MB/Sec)
drive (MB/Sec)

Inches: Hx Wx D

FIRST CUSTOMER SHIPMENT

COMMENTS

ASPEC-48

FUJITSU FUJITSU FUJITSU FUJ1TSU FUTURE
COMPUTERS
F7956B1 F7956C1 F6490A/B
DynaRAID Willow Cottonwood D1A RAIDER-5

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Very High Perf.

Net/Mini/Multi

PCM Captive Captive Captive PCM

Subsystem Subsystem Subsystem Subsystem Subsystem

Any SCS| host |Workstations Workstations VP2000 SCS| host

UNIX, NetWare, |UNIX UNIX UNIX, Various

DOS, Windows proprietary

3 3 3 3 3

Port Preset Preset Preset Preset

4 2.0 2.0 15

73.5 4.1 8.2 120

5 6 11 10 5

35 12 22 80 5

2 2 2 2, 4,8 1

SCSl1-2 SCSI-2 SCS| -2 IBM, prop. SCSi-2

SCs1-2 SCsi-2 SCSt -2 IP1-2 SCSI-2

4, 64 -- -- -- 16, 64

Read, Write -- -- -- Read, Write

Option-manual |No No Yes No

Yes No No Yes --

Yes No No Yes Yes

Manual -backgrndj Auto Auto Auto None

Yes No No No

10 or 20 10 10 36 10

10 3 3 4.5 10

Drive dependent| 500 500 1890 Drive dependent

3.5, 41.3mm |3.5", 41.3 mm |3.5", 41.3 mm |8", 5.25" 3.5", 41.3 mm

Drive dependent| 12 12 12 Drive dependent

Drive dependent|6.8 6.8 6.9 Drive dependent

Varies M2628SC M2628SC M2671PA Various
Picobird-4 Picobird-4 Swal low-7

6.4 x 28 x 21 x 66 x

19 x 27 10 x 30 22 x 24 22 x 32

140 watts 620 watts 860 watts 2.2 KVA

Battery -- -- --

1094 1Q93 2002 3Q90

Synchronized Baydel

spindles control ler
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ASPEC-49
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION: Type
Host platform,

software environment
RAID level

Configured by:
Array capacity (Gbytes) MIN
MAX
Minimum drives per array

Maximum drives per array
Concurrent host channels
Array interface to host

Drive interface

Cache size (min, max: MB)

Cache function (Read, Write)
Redundancy: Controller (Yes/No)

Fan (Yes/No)
Power supply (Yes/No)

Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

FWB

FWB

FWB

FWB

FWB

1060FMF
Sledgehammer

2000FMF
Sledgehammer

4000FT
Sledgehammer

4100FMF
Sledgehammer

4200FMF
Sledgehammer

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM PCM PCM PCM
Subsystem Subsystem Subsystem Subsystem Subsystem
Macintosh, Macintosh, Macintosh, Macintosh, Macintosh,

Quadra, Power
Mac

Quadra, Power
Mac

Quadra, Power
Mac

Quadra, Power
Mac

Quadra, Power
Mac

0/1 0/1 0/1/5 0/1 0/1

Host Host Host Host Host

1.06/.53 2/1 2/1/-- 4.1/2.05 4.2/2.1
5/2.5/4

2 2 2 2 2

2 2 5 2 2

1 1 1 1

SCSI, NuBus SCS|, NuBus SCSI, NuBus SCS!|, NuBus SCS|, NuBus

SCS1-2 SCSI-2 SCS1-2 SCS1-2 8CSl1 -2

i 2 5 2 2

Read, Write Read, Write Read, Write Read, Write Read, Write

No No No No No

No No Yes No No

No No Yes No No

None None Auto-background|None None

Yes Yes Yes Yes Yes

10/20 10/20 10/20 10/20 10/20

10/20 10/20 10/20 10/20 10/20

530 1000 1000 2050 2100

3.5", 25.4mm |[3.5", 25.4mm |3.5", 25.4 mm |3.5" 3.5"

4.75 4.75 2 4.25 4.75

5.56 5.56 5.56 4.17 5.56

Various Various Various Various Various

4.5 x 4.5 x 7 X 4.5 x 4.5 x

9.5 x9.75 9.5 x 9.75 19 x 21 9.5 x 9.75 9.5 x 9.75

18 watts 20 watts 150 watts 30 watts 28 watts

None None None None None

1993 1992 1994 1993 1992
Purchased
controller
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type
Host platform,

software environment
RAID level

Configured by:
Array capacity (Gbytes) MIN
MAX
Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface

Cache size (min, max: MB)

Cache function (Read, Write)
Redundancy: Controller (Yes/No)

Fan (Yes/No)
Power supply (Yes/No)

Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:
Power backup
FIRST CUSTOMER SHIPMENT

COMMENTS

ASPEC-50

FWB FWB FWB FWB FWB
8000FMF 8000FT 16000FT RAID ToolKit
Sledgehammer Sledgehammer Sledgehammer RAID ToolKit AUX

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM PCM PCM PCM
Subsystem Subsystem Subsystem Software Software
Macintosh, Macintosh, Macintosh, Macintosh, Macintosh,

Quadra, Power
Mac

Quadra, Power
Mac

Quadra, Power
Mac

Quadra, Power
Mac

Quadra, Power
Mac

0/1 0/1/5 0/1/5 0/1 0/1

Host Host Host Host Host

8/4 4/2/-- 8/4/-- Drive dependent|Drive dependent
10/5/8 20/10/16

2 2 2 2 4

2 5 5 2 2

1 1 1

SCSI, NuBus SCSI, NuBus SCSI, NuBus SCSI, NuBus SCSI, PDS

SCSi-2 Scsl1-2 SCS| -2 SCSI-2 SCSsi-2

2 5 5 Drive dependent|Drive dependent

Read, Write Read, Write Read, Write Drive dependent|Drive dependent

No No No No No

No Yes Yes No No

No Yes Yes No No

None Auto-backgroundj Auto -background|None None

Yes Yes Yes Yes Yes

10/20 10/20 10/20 Drive dependent|Drive dependent

10/20 10/20 10/20 Drive dependent|Drive dependent

4000 2000 4000 Drive dependent|Drive dependent

3.5" 3.5", 41.3 mm |3.5", 41.3 mm |[Drive dependent|Drive dependent

4.25 2 2 Drive dependent|Drive dependent

4.17 4.17 4.17 Drive dependent|Drive dependent

Various Various Various Various Various

4.5 x 7 x 7 X -- --

9.5 x 9.75 19 x 21 19 x 21

32 watts 150 watts 150 watts -- --

None None None None None

1994 1994 1994 1993 12/983
Purchased Purchased Operates with |Operates with
control ler control ler FWB controllers|FWB controllers
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ASPEC-51
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONF | GURAT!
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

ON: Type

onment

MIN
MAX

(Gbytes)

per array
per array
channels

to host

, max: MB)

(Read, Write)

(Yes/No)

(None/Auto/Manual)

host (MB/Sec)
drive (MB/Sec)

es: Hx Wx D

I PMENT

GAIN GENERAL G IGATREND HAMMERMAN HAMMERMAN
SYSTEMS MICROSYSTEMS ASSOCIATES ASSOC IATES
Superserver PD/A440 MasstoRaid DATA-SAFE A DATA-SAFE B

Net/Mini/Multi

Very High Perf.

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM, PCM PCM PCM PCM PCM
Subsystem Subsystem Subsystem Subsystem Subsystem
IBM compatible |Sun, Concurrent]SCS| host PC compatible |PC compatible
NetWare, UNIX [UNIX Various NetWare, DOS, [NetWare, DOS,
UNIX UNIX
0/1/5 3 0/1/5 0/1/3/5 0/1/3/5
Preset Port Host
Drive dependent|8.4 2 Drive dependent |Drive dependent
Drive dependent|23.2 14.7/6.3/12.6 |Drive dependent|Drive dependent
2 9 7 5 5
20 9 21 5 5
1 1 1 1 1
EISA, SCSI-2 SCSi-2 SCs|-2 SCSI1-2 EI1SA
SCsI, SCSi-2 SCS1-2 SCS1-2 SCSi1-2 SCS1 -2
64 N/A 4, 64 8 --
Read, Write N/A Read, Write Read, Write --
Option No No No No
Yes No Yes Yes Yes
Yes Option Yes-per drive |Yes Yes

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Yes No Yes Yes Yes
10/33 20 10 10 33
5/10 20 10 10 10
Drive dependent| 1050-2900 Drive dependent]500-1200 500-1200

3.5"

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 41.3 mm

3.5", 41.3 mm

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Various Seagate Various Various Various
Barracuda,other

32 x 7 x 20 x

22 x 10 17 x 22 12 x 14.5

750 watts 650 watts 325 watts

None None None None None

1993 1994 1993 1992 1992

Mylex or Ciprico Digi-Data UltraStor
Buslogic control ler control ler control ler
controller
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATI

Host platform,

ON: Type

software environment

RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

(Gbytes) MIN
MAX

per array
per array
channels

to host

, max: MB)

(Read, Write)

(Yes/No)

host (MB/Sec)
drive (MB/Sec)

es: Hx WxD

I PMENT

ASPEC-52

HEWLETT - HEWLETT - HEWLETT - HEWLETT - HEWLETT -
PACKARD PACKARD PACKARD PACKARD PACKARD
C2258HA C2436HA C2437HA C2439HA C2440HA
C2258HA C2436HZ C2437HZ C2439HZ C2440HZ

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Captive Captive Captive Captive Captive

Subsystem Subsystem Subsystem Subsystem Subsystem

H-P 3000 H-P-9000/800 H-P-9000/800 H-P-9000/800 H-P-8000/800
H-P-9000/700 H-P-9000/700 H-P-9000/700 H-P-9000/700
H-P-UX H-P-UX H-P-UX H-P-UX

3 0/3/5 0/3/5 0/3/5 0/3/5
Preset Preset Preset Preset

4 3/2/2 6/4/4 5/4/4 10/8/8

8 21/14/14 42/28/28 35/28/28 70/56/56

3 3 5 3 5

5 5 5 5 5

1 1 1 1 1

HP-FL 8csi-2* sCs|-2* scsi-2* SCSsi-2*

S8CS1-2 SCS|-2 SCS1-2 SCS1-2 SCSi-2

1 .5, 1 .5, 1 .5, 1 .5, 1

Read Read, Write Read, Write Read, Write Read, Write

No No No No No

Yes Yes Yes Yes Yes

No No No No No

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Yes Yes Yes Yes

5 20 20 20 20

4.2 10 10 10 10

2008 1052 1052 2003 2003

5.25" 3.5", 41.3 mm {3.5", 41.3 mm |5.25", 82.6 mm |5.25", 82.6 mm

11.5 10.5 10.5 11.5 11.5

5.5 5.6 5.6 5.6 5.6

H-P H-P H-P H-P H-P

10.5 x 10.1 X 10.5 x 10.5 x 10.5 x

16.7 x 26.1 18.2 x 26.5 16.7 x 21.6 16.7 x 21.6 16.7 x 21.6

200 watts 135** 135** 245** 245**

None None None None None

2093 9/93 9/93 9/93 9/93
*Fast, wide *Fast, wide *Fast, wide *Fast, wide
differential differential differential differential
**Minimum **Minimum **Minimum **Minimum

configuration

configuration

configuration

configuration
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ASPEC-53
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION: Type
Host platform,

software environment
RAID level

Configured by:
Array capacity (Gbytes) MIN
MAX
Minimum drives per array

Maximum drives per array
Concurrent host channels
Array interface to host

Drive interface

Cache size (min, max: MB)

Cache function (Read, Write)
Redundancy: Controller (Yes/No)

Fan (Yes/No)
Power supply (Yes/No)

Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

HEWLETT - HEWLETT - HEWLETT - HEWLETT - HI -DATA
PACKARD PACKARD PACKARD PACKARD
C3609A-C3317A | C3609A-C3318A |C3609A-C3321A |NetServer LM 2000

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

PCM PCM PCM PCM OEM
Subsystem Subsystem Subsystem Subsystem Subsystem
PC compatible |PC compatible |PC compatible |PC compatible |SCSI host
NetW., 0S/2,D0S|NetWare, VINES,|NetWare, VINES, |NetWare, VINES,
SCO, VINES,NT 0S/2,D0S,SCO,NT|0S/2,D0S,SCO,NT|0S/2,D0S,SCO,NT
0/1/5/6 0/1/5/6 0/1/5/6 0/1/5/6 3/"35"/"53"
Host Host Host Host
3 6 10 2 Drive dependent
10 20 20 8 Drive dependent
3 3 5 2 5
10 10 10 5 75
1 1 1 8 1, 2
EISA EISA EISA EISA SCSl, scsi-2
SCS1-2 Scsi-2 Scsi-2 scsi-2 ScSi, scsi-2
4 4 4 .128, 4 5
Read, Write Read, Write Read, Write Read, Write Read, Write
No No No No Option
No No No No Yes
No No No No Option
Auto Auto Auto Manual -backgrnd |Auto -backgrnd*
Yes Yes Yes Yes Yes
10 10 10 33 20
3.1 3.7 5.1 10 10
1000 2000 2000 510, 1050, 2000 |Drive dependent
3.5", 41.3mm |{3.5", 41.3 mm {3.5", 41.3 mm |3.5", 41.3 mm |Drive dependent
10.7 10.7 8.9 Drive dependent |Drive dependent
5.56 5.56 4.69 5.6 Drive dependent
Various Various Various Various Various
14.6 X 14.6 x 14.6 X 19.8 x 7 x
7.6 x 16.1 7.6 x 16.1 7.6 x 16.1 13.7 x 18.1 19 x 17.7**
24 watts 24 watts 24 watts 654 watts 25 watts+drives
None None None None None
1Q94 1094 1094 6/94 1992
*Option
**Controller
modu le
Rack mount
package
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type
Host platform,

software environment
RAID level

Configured by:
Array capacity (Gbytes) MIN
MAX
Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface

Cache size (min, max: MB)

Cache function (Read, Write)
Redundancy: Controller (Yes/No)

Fan (Yes/No)
Power supply (Yes/No)

Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

ASPEC-54

H1-DATA HI -DATA H1-DATA HI-DATA HIGH
PERFORMANCE
STORAGE
Wildcat |1

3000 8C-510 SC-520 §C-550 Tabletop

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM OEM OEM OEM OEM, PCM

Subsystem Board Board Board Subsystem

SCSI host Various Various Various SCS| host
Various Various Various

3/"35"/"53" 3/"53"* 3/"53"* 3/"53"* 0/1/3/5*
Host Host Host Port

Drive dependent|Drive dependent|Drive dependent|Drive dependent|1

Drive dependent|Drive dependent|Drive dependent|Drive dependent|10

5 5 5 5 2

75 35 75 75 5

1, 2 1 1, 2 1, 2 1

SCsl, sCsl-2 SCSI-2 SCS1-2 Fibre SCs1-2

SCSi, 8Cs|-2 SCS|-2 SCSI1-2 SCSI-2 SCSi-2

5 2.5 5 10 N/A

Read, Write Read, Write Read, Write Read, Write N/A

Option Yes Yes Yes No

Yes Yes Yes Yes Yes

Option Yes Yes Yes Yes

Auto-backgrnd*

Auto-foreground

Auto-foreground

Auto-foreground

Manual -backgrnd

Yes Yes Yes Yes Yes
20 10 20 50 10
10 5 10 20 10
Drive dependent|Drive dependent|Drive dependent|Drive dependent|525-2100

Drive dependent

Drive dependent

Drive dependent

Drive dependent

3.5", 41.3 mm

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Drive dependent

Various Various Various Various Various
3.8 x Array size Array size Array size 18 x
25.4 x 17.1** |dependent dependent dependent 9.5 x 17
25 watts+drives| 25 watts+drives{25 watts+drives|25 watts+drives|0.2 KVA
None Dual AC Dual AC Dual AC None
1992 1990 3/92 3/93 2Q93
*Option Tabletop or Tabletop or Tabletop or *Also combined
**Control ler rack mount rack mount rack mount RAID 1/RAID O
module available. available. available.
*RAID 53 is *RAID 53 is *RAID 53 is
Tabletop combined RAID 5|combined RAID 5|combined RAID 5
package and RAID 3 and RAID 3 and RAID 3
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ASPEC-55
MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET
ARRAY CONFIGURATION: Type
Host platform,

software environment
RAID level

Configured by:
Array capacity (Gbytes) MIN
MAX
Minimum drives per array

Maximum drives per array
Concurrent host channels
Array interface to host

Drive interface

Cache size (min, max: MB)

Cache function (Read, Write)
Redundancy: Controller (Yes/No)

Fan {Yes/No)
Power supply (Yes/No)

Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx W x D

POWER:

Power backup
FIRST CUSTOMER SHIPMENT
COMMENTS

HIGH HIGH HITACHI HITACHI HITACHI
PERFORMANCE PERFORMANCE

STORAGE STORAGE

Wildcat |1 Wildcat 111 DF-100-2
Deskside Deskside A-6511-17 A-6511-34 DF-100-4

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM, PCM OEM, PCM Captive Captive OEM

Subsystem Subsystem Subsystem Subsystem Subsystem

SCSI host SCS| host Hitachi Hitachi SCSI| host
Various

0/1/3/5* 0/1/3/5* 3/4/5 3/4/5 3/4/5

Port Port Port Port

1 2 17.2 34.4 2.2

21 42 8.6

5 5 8 16 5

12 12 8 16 20

1 1 1 1 1

S8CS| -2 SCSI-2 SCSi-2 SCS1-2 SCS1-2

SCSI-2 SCS1-2 sCsi-2 S8Csi-2 SCSI1-2

N/A 16,256 (option)j-- -- --

N/A Read, Write -- -- --

Yes Yes No No No

Yes Yes Yes Yes No

Yes Yes Yes Yes No

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -backgrnd

Manual -back, for

Yes Yes Yes Yes Yes

10 20 4.8 4.8 10-20

10 10 10 10 4.87
525-2100 1000-4200 2870 2870 540

3.5", 41.3 mm ([3.5", 41.3 mm |5.25", 82.6 mm |5.25", 82.6 mm |{3.5", 41.3 mm
Drive dependent|Drive dependent|12.8 12.8 11.8

Drive dependent|Drive dependent{5.6 5.6 6.7

Various Various DK517C-37 DK517C-37 DK315C- 14

29 x 29 x 27.6 x 27.6 X 23.6 x

14 x 30 14 x 30 22.4 x 31.5 22.4 x 31.5 9.8 x 23.6
0.4 KVA 0.4 KVA 1.7 KVA 1.3 KVA .660 KVA
None Battery None None None

2Q93 2Q94 1993 1993 8/93

*Also combined | *Also combined |Sold only in Sold only in Sold only in
RAID 1/RAID O |[RAID 1/RAID O [Japan Japan Japan
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFIGURATI
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache size (min

Cache function

Redundancy: Controller (Yes/No)

Fan

Power supply (Yes/No)

Spare drive

ARRAY PERFORMANCE: Boot from array?

Transfer rate:

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)

Average rotational delay (msec)

Drive models

ARRAY SIZE: Inch

POWER:

Power backup
FIRST CUSTOMER SH
COMMENTS

ON: Type

onment

(Gbytes) MIN
MAX
per array
per array

channels

to host

, max: MB)

(Read, Write)

(Yes/No)

(None/Auto/Manual)

host (MB/Sec)
drive (MB/Sec)

es: Hx WxD

| PMENT

ASPEC-56

HITACHI HITACHI HITACHI HITACHI HITACHI
HitRAID-11 HitRAID-12 HitRAID-17 HitRAID-34 HitRAID-5
DF100-11 DF100-12 DF100-17 DF100-34 DF100-5

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

Net/Mini/Multi

OEM, PCM OEM, PCM OEM, PCM OEM, PCM OEM, PCM
Subsystem Subsystem Subsystem Subsystem Subsystem
SCSI host SCS| host SCS| host SCSI1 host SCS| host
Various Various Various Various Various
3/4/5 3/4/5 3/4/5 3/4/5 3/4/5
Port Port Port Port Port

11.2 11.4 17.2 34.4 5.6

11.2 11.4 17.2 68.8 5.6

10 5 8 16 5

20 10 32 32 20

1 1 1 1 1

SCS| -2 SCSi-2 SCSI-2 SCS|-2 SCS1-2
SCSI-2 SCSI-2 SCSI-2 SCS1-2 SCSI-2
No No No No No

No Yes Yes Yes No

No Yes* Yes* Yes* No

Manual -back, for

Manual -back, for

Manual -back, for

Manual -back, for

Manual -back, for

Yes Yes Yes Yes Yes

10-20 10-20 10-20 10-20 10-20
4.87 4.87 4.87 4.87 4.87
1400 2870 2870 2870 1400

3.5", 41.3 mm

5.25", 82.6 mm

5.25", 82.6 mm

5.25", 82.6 mm

3.5", 41.3 mm

11.8 12.8 12.8 12.8 11.8
6.7 5.6 5.6 5.6 6.7
DK315C-14 DK517C-37 DK517C-37 DK517C-37 DK315C-14
23.6 x 23.6 x 27.6 x 27.6 x 23.6 x
9.8 x 23.6 9.8 x 23.6 22.4 x 31.5 22.4 x 31.5 9.8 x 23.6
.660 KVA .660 KVA .990 KVA 1.430 KVA .660 KVA
None None None None None
4Q93 4Q93 4Q93 4Q93 4Q93
*DC-DC *DC-DC *DC-DC
converter converter converter
per drive per drive per drive
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ASPEC-57

MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP
MARKET

ARRAY CONFIGURATION: Type
Host platform,

software environment
RAID level

Configured by:

Array capacity (Gbytes) MIN
MAX

Minimum drives per array
Maximum drives per array
Concurrent host channels
Array interface to host
Drive interface
Cache size (min, max: MB)
Cache function (Read, Write)
Redundancy: Controller (Yes/No)
Fan (Yes/No)
Power supply (Yes/No)
Spare drive (None/Auto/Manual)

ARRAY PERFORMANCE: Boot from array?

Transfer rate: host (MB/Sec)
drive (MB/Sec)

DRIVES: Formatted capacity/drive(MB)
Nominal disk diameter, height
Average positioning time (msec)
Average rotational delay (msec)

Drive models

ARRAY SIZE: Inches: Hx Wx D

POWER:
Power backup
FIRST CUSTOMER SHIPMENT

COMMENTS

HITACHI 1BM 1BM 1BM 1BM
DATA
SYSTEMS
7600 7051-840
Disk Storage 3514-001 3514-004 3514-008 Power Network
Subsystem 3514-101 3514-104 3514-108 Dataserver
Mainframe Net/Mini/Multi [Net/Mini/Multi [Net/Mini/Multi [Net/Mini/Multi
PCM Captive Captive,OEM,PCM|Captive Captive
Subsystem Subsystem Subsystem Subsystem Subsystem
HDS/ 1BM PS/2, RS/6000 |[PS/2, RS/6000 |PS/2, RS/6000 |RS/6000
mainframe NetWare, 0S/2 |NetWare, 0S/2 |NetWare, 0S/2 |AIX, NFS
1 5 5 5 0/1
Host Preset Preset Preset Host
11.35 (7693) .769 1.97 3.935 10/5
272.4 (7699) 2.79 6.9 13.774 48/24
4 3 3 3 10
32 8 8 8 40
4/8 1 1 1 1, 3
1BM SCSs|-2 SCSI -2 SCSs|-2 Proprietary
Proprietary SCS1-2 SCsi-2 SCS1-2 SCSi1-2
128, 1024 4 RD/1 WR 4 RD/1 WR 4 RD/1 WR 16, 384
R,W,Fast Write |Read, Write Read, Write Read, Write Read, Option.W
Yes No No No No
Yes No No No Yes
Yes Yes Yes Yes Yes
None Manual Manual Manual -backgrnd|Option
-- RS/6000 only RS/6000 only RS/6000 only Yes
4.5/6/10/17 10 10 10 55
4200/3900 2 10 10 10
2838, 10017 398 986 1967 2000, 2400
6.5" 3.5", 41.3mm {3.5", 41.3 mm {3.5", 41.3 mm |3.5" (2/module)
13.5/16.5 11.5 9.4 RD/11.4 WR {9.4 RD/11.4 WR {11, 9.8
7.1/15.2 6.95 6.95 5.6 6.95
7693 (2838 MB) | Turbo Corsair-2E Allicat Corsair-1
7699 (10017 MB) Corsair-2
70.5 x 24 X 24 x 24 x 76.8 X
36.4 x 31.5 13.5 x 31.5 13.5 x 31.5 13.5 x 31.5 24 x 38.8
.660 KVA .660 KVA .37 KVA 1.82 KVA
Dual AC None None None None
6/93 11/92 11/92 4/93 3/93
PS/2 PS/2 PS/2 RS/6000 server

RS/6000 support
starting 4/94.
-101 is rack
mount version.

RS/6000 support
starting 4/94.
-104 is rack
mount version.

RS/6000 support
starting 4/94.
-108 is rack
mount version.

incorporates
RS/6000 340R

Auspex
controller
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MANUFACTURER

ARRAY MODEL

DISK/TREND GROUP

MARKET

ARRAY CONFIGURATI
Host platform,
software envir
RAID level
Configured by:

Array capacity

Minimum drives
Maximum drives
Concurrent host
Array interface
Drive interface
Cache<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>