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NOTICE

ZETACO, Inc. has prepared this Technical Manual for use by

ZETACO personnel and |ts customers to assist in the Installation,
operation and maintenance of the model BMX-3 Disk Contfroller.

The information contained hereln is the property of ZETACO,

Inc. and shall not be reproduced In whole nor In part without
prior written approval of ZETACO, Inc. .

ZETACO, Inc. makes every effort to produce qual ity products and
documentation, however, the reader must be cautioned that changes
may be made to the product not reflected in the suppl ied
documentation. If you find errors or omissions, please notify
ZETACO, Inc. to remedy the problem. ZETACO, Inc. shall not be
responsible for any damages (including consequential) caused by
rel lance on this material as presented.

If installation problems arise after you thoroughly review the
manual, please contact your ZETACO Authorized Factory Distributor,

your Maintenance Contractor, or the ZETACO Customer Support Hotl ine
at (612) 941-9480.

Copyright 1985. All rights reserved.
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Technical Manual for the BMX=3 Disk Controller
PREFACE

This manual contains Information regarding Installation,
Tesflng( and operation of the ZETACO Model BMX=3 Disk Controller.

The technical contents have been written based on the
assumptions that the reader 1) has a working knowledge of one
of the applicable Data General mini-computers with associated
RDOS, A0S, or AOS/VS operating system; 2) Is familiar with
standard Installation, power, grounding, and peripheral
cabling procedures; and 3) has access to technical Information
describing the disk drive(s) to be Installed with this
controller.

The information In this manual is organized Into five major
sections:

SECTION 1.0 PRODUCT OVERVIEW = Describes the Model BMX=3
Disk Controller features, capabilities,
specifications, power, and interface requirements.

SECTION 2.0 INSTALLATION PROCEDURES = Describes and illustrates
the procedures required to Install the BMX=3.

SECTION 3.0 TROUBLE=SHOOTING = Contains Information useful In
' analyzing subsystem problems and how to get help.

SECTION 4.0 USAGE GUIDELINES - How various features and
conflgurations are used and how they Impact

the performance of the controller.
SECTION 5.0 PROGRAMMING NOTES = Programming and operation.

APPENDICES
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‘The ZETACO BMX-3 Disk Controller provides a full

emulation integration of up to four SMD-interfaced

disk drives, with Data General (DG) Nova, Eclipse, and
Eclipse MV Minicomputers, and RDOS, Ecl ipse RDOS, AOQS,
MP/A0S, AOS/VS operating systems. |t is fully compatible
with Data General hardware and software.

The BMX-3 Is capable of operating on either the Burst
Mul tiplexor Channel (BMC) or the Data Channel (DCH)
and meets FCC hardened chassis requirements.

The BMX-3 provides for future expansion with the

capabil ity of supporting data transfer rates up to

2.5 megabytes per second and EEPROM technology, which allows
most features to be software configurable through

a "user friendly" configurator program.

The BMX-3 contains a unique feature called Virtual Mapping”™
that allows many disk drives that would not normally map

into the DG emulations to fit into the 606X, 616X and 6214
emulations through a scheme called Block Address Transliation.

ZETACO provides up to a full 2 year warranty on the BMX=3
with Customer Support Hotl ine assistance and 48 hour turn

1.0 PRODUCT OVERV IEW

1.1 GENERAL DESCRIPTION
around on board repair.

1.2 FEATURES - ADVANTAGES

¥Emulation of DG 6060,6061,6067,6160,6161,6122 and 6214
disk subsystems

¥*Single controller is compatible with DG's full range of
BMC equipped computers

*Slmulfaneous control of up to four SMD, HSMD and/or ESMD
disk drives.

¥|ncorporates an eleven blit SMD tag bus to accommodate
full capacity of the larger drives

*¥Simul taneously supports drives of different capacities,
fransfer rates, and media formats

¥On-board 32 bit error detection and correcflon of bur st
errors up to 11 bits in length

*High speed microprocessor design and Ping-Pong buffering
support maximum fransfer rates

1-1



.On-board Self-test with error reporting and LED display
.User-definable sector interleaving

.Adjustable DCH/BMC throttle control

.Supports overlap seeks

.bffsef positioning for data error recovery

.Automatic data strobe early/late for data error recovery

.Two methods of power fall detection control open cable detect

.Logging of the number of data corrections that
have occurred on a per unit baslis

.0One second pick/hold delay on power up controls disk drive
power sequencing

.Header address contains CRC for higher reliability
.Auto retry on all header CRC errors

.Dual volume drives supported (two physical volumes)
.Supports dual ported drives

.Disk drive sector setting verification insures proper
disk drive setup.



1.3

SPECIFICATIONS

1.3.1

FUNCTIONAL

Drives per Controller:
Recording Format:
Disk Transfer Rate:

Sector Addressing:
Sectors per Track:
Maximum # of Heads:
Maximum # of Cylinders:

Max imum Capacity:

Device Code:

Interrupt Priority Mask
Bus Load:

Data Channel Interface:

Up to 4 SMD, HSMD and/or ESMD drives
Zetaco standard media format

Up to 2.5 Mbyte/sec.(20 MHz)

Contiguous or Interleave, programmable

from 1:1 to 6:1

Supports up to 128 physical
sectors per track - 64 sectors
per logical unit

Supports up to 64 heads/disk

Supports up to 2048 cylinders
through an 11 bit tag bus

The Theorefical non-emulation
max imum capacity supported by
a single BMX-3 Is 17 Gigabytes.

Switch selectable on Board edge
(accessible after installation)

Bit: 7 standard - fixed
1 unit load (any 1/0 only slot)

- 100ma drive at 0.8v

- selectable from 4 to 256, 16
bit words per DCH access

- 1 microsecond break between DCH
Throttle requests '

- maximum allowable DCH latency
is 1 second (typical max for
full performance is 422
microseconds)

1=3



Burst Multiplexor Channe

Sector Data field:

Data Buffering:

Memory Address:

Error Correction Polynom
Write - X°32 + X
Read - (X°11 +

Header CRC Polynomial:

D.G. Subsystems Emulated

Indicator Lights:

| Interface:

- less than 1 STTL load.
- 300ma drive at 0.7v
- supports selectability of any
of the 8 priority requests.
- selectable burst rates of 4
to 256, 16 bit words/access.
- selectable break between
access of 1.4 microsecond to 14
milliseconds.
- maximum allowable BMC |atency
Is 1 second, (typical max for full
performance is 422 microseconds)
- supports BMC transfer rates
up to 2.5 megabytes per second.

256 = 16 bit words per sector.

Two 256 word Ping Pong buffers.
One 256 word verify buffer.
One 256 word BMC FIFO buffer.

21 bits.

fal:
€23 + X°21 + X°11 + X°2 + 1
X2 + 1)(X°21 + 1)

X®16 + X°15 + X°2 + 1

Zebra = 6060 (96 MB)
6061 (190 MB)
6067 (50 MB)

Yulcan = 6122 (277 MB)

Kismet = 6160 (73 MB)
' 6161 (147 MB)
6214 (602 MB)

Red: Self-Test - Indicates disk
controller is executing self=-
test diagnostics. |f self-test
fails, this LED will blink or
remain on. (Self=-test normally
takes less than 1 second to
complete.)

Yellow: Disk Select - When on,
this LED indicates that none

of the possible 4 units are
selected,

Green: Controller Busy = This LED
indicates the controller is executing
one of the read/write commands.



1.3.2 COMPUTER INTERFACE

The BMX=-3 can be configured for either Data Channel
operation or Burst Multiplexor Channel operation and
will function in virtually any Data General mini-
computer in an I/0 only sloft.

CAUTION: THE BMX-=3 MUST BE PLUGGED INTO AN "1/0 ONLY™
‘ SLOT OR DAMAGE WILL RESULT. '

TABLE 1.1 "I/0 Only" Slot Selection

MODEL I1/0 ONLY SLOTS

Nova 4C (5 s|ot) 3=5 (DCH only)

Nova 4S/X 12-16 (DCH only)

S$120 12-16 (DCH only)

S140 12-16 (DCH or BMC)

$280 11-20 (DCH or BMC)
*M600 30-37 (DCH or BMC)

~MV4000 12-20 (BMC only)
**MV6000 2-16 (BMC only)

My7800U Use original chassis type.,

MV8000 29-42, 48-56 (BMC only)

MV8000-11 9-21 (BMC only)

Myg8000C 13-20 (BMC only)

MV10000 13-24, 26-36 (BMC only)

MV15000 6-12 (BMC only)

MvV20000 19-38

*NOTE: Mode 1A required 6n BMX=3,
*¥¥NOTE: Mode 2A required. BMX=-3 requires the expansion
‘ ' chassis of the MV6000.

BMC Bus Cables: A pair of 40 conductor flat ribbon
cables, with a single plug on one
end and multiple plugs (for multiple
controllers), are required for BMC
operation., This cable daisy chains
from the computer's BMC interface
to the multiple BMC peripheral
controllers. The controller at the
end of the chain must have it's BMC
terminators installed; the others
must have them removed. Reference
Installation Section 2.6.3, see Figure 2.4.
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1.3.3

DISK DRIVE INTERFACE

Functional:

Electrical:

Cabling:

NOTE:

Standard SMD interface.

Supports extended cyl inder addressing on
pins 30 and 60 of the "A" cable (2048
cylinders).

Supports Remote Pick=-Hold drive
sequencing (plns 29 and 59).

Requires Index and Sector signals

Iin the "A" cable.

Supports unit select 0,1,2 and 3.
Supports Dual Channel as defined by
the CDC SMD specification.

MC3450/MC3453 Quad |ine drivers and
receivers.

NON=FCC

"A" Cable:
One 60-Conductor Shielded Round Cable
for the first disk drive (daisy=chain).

"B" Cable:
One 26=-Conductor Shielded Round Cable
for the first disk drive (radial).

FCC
"A" Cable:

INTERNAL: One 60 conductor flat ribbon
cable with D connector on one end that
mounts in the computer EMI/RFI back=-
panel. The other end plugs into the

B paddlieboard. See Figure 2.4.

EXTERNAL: One 60 conductor shielded
round cable for the first disk drive
(daisy chain).

"B" Cable:

INTERNAL: One 26 conductor flat ribbon
cable with D connector on one end that
mounts in the computer EMI/RFI| back-
panel. The other end plugs into the

A paddleboard. See Figure 2.4.

EXTERNAL: One 26 conductor shielded
round cable for the first disk drive
(radial connection).

The maximum cumulative length allowable
for the "A" cable is 100 feet, and for the
"B" cable is 50 feet, as per drive
manufacturers recommendations,



Multiple Drives: Up to four drives (dual volume counts
' as two) per controller., The "A" cable
daisy chains from drive to drive, with
the last drive in the chain requiring
an "A" cable terminator. The "B" cable
connects radially to each drive (no
terminators required). Reference Figure 2.5,

1.3.4 MECHAN I CAL
Dimensions: 15" x 15" x {/2n
Shipping Weight: 10 pounds - includes controller,
: paddleboards, cables (if ordered),
diagnostics and documentation.
Paddleboards: "A" paddleboard:
Passive backplane paddleboard with four
26=-pin cable connectors, ("™A" backplane)
"B" paddleboard:
Passive backplane paddleboard with one
60-pin cable connector. ("B" backplane)
1.3.5 POWER REQUIREMENTS
+5 (+ 5%) Volts DC @ 8.5 Amps typlical
=5 (+ 5%) Volts DC @ 0.45 Amps typical
1.3.6

ENV IRONMENTAL
OPERATING ENV IRONMENT:

Temperature: 0 to 55 degrees C
Relative Humidity: 10§ to 90% (non-condensing)

NON-OPERATING ENV IRONMENT:

Temperature: =45 to +115 degrees C
Relative Humidity: 10% to 90% (non=-condensing)

Exceeds all Nova/Eclipse/MV temperature and humidity.
specifications,






2.0

INSTALLATION

This section contains the procedures necessary for
proper Installation of the BMX-3 Disk Controller.
Please read carefully.

Sections 2.1 - 2.8 involve preparation and installation

of the hardware components. Installation personnel

should have access to hardware documentation of the
computer and disk drive. Sectlions 2.9 - 2.11 describe the
Programming Considerations.

UNPACKING AND INSPECTION

The following 1tems are shipped with each BMX-3
Disk Controller:

a) Controller (500-404-00)
b) Board Cover
c) Backplane Paddleboards A - 500-408-00
B - 500-409-00
d) Internal FCC Cables (Optional) A - 300-104-0X
B - 300-014-0X

e) External Cables (Optional) FCC A - 300-013-0X
NON=-FCC A - 300-147-0X
FCC B - 300-011-0X

. NON-FCC B - 300-145-0X
f) BMC Bus Cables (300-038-00)
g) Software Support Package (9-track mag tape)
(400-404-00)
h) Optional Sector Slip Package (9-track mag tape)
(400-404-01)

i) Technical Manual (600-404-00)

It Is recommended that all packing materials and cartons
be saved, In case re-shipping Is necessary.

Upon recelpt of the Model BMX-3 from the carrier, Inspect
the shipping carton immediately for any evidence of
damage or mishandl ing In transift.

If the shipping carton Is water stalned or damaged,
contact the carrier and shipper immediately, specify

the nature and extent of the damage and request that

the carrlier's agent be present when the carton Is opened.

ZETACO'S warranty does not cover shipping damage.

For repair or replacement of any ZETACO produéf damaged
in shipment, call ZETACO or a ZETACO Authorized DIstributor
to obtain return authorization instructions.
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2.2

CHASS IS PREPARATION

Before Installing the BMX-3, the disk drive, controller,
and computer chassls must be prepared. First, select an
appropriate "1/0 ONLY" slot in the computer chassls that
will provide an acceptable Interrupt priority. See Table 1.1.

The controller must receive two priority signals from

the DG minicomputer backplane, DCH priority In (Pin A94)

and Interrupt priority In (Pin A96). |f there are vacant
slots between the controller and the processor, priority
Jumper wires must be Installed to obtaln priority continulty
between controllers. To jumper across unused slots, connect
DCH priority out (Pin A93) to DCH priority In (Pin A94)

and interrupt priority out (Pin A95) to interrupt priority

If the BMX=3 Is to be configured at or near highest
priority In an $140 computer, (Slots 12=16 1/0 Only)
Jumper the priority first up to the BMX=3, then back
down to the additional controller boards in Slots 4

2.2.1 PRIORITY SELECTION
in (Pin A96).
and up.

2.2.2

POWER FAIL PROTECTION

The BMX=3 disk controller contains a double protection

power fall scheme. The DG CPU outputs a signal on

pin B21 called "Power Fall" which glves an early

warning of power loss. Thils Is used on the BMX=3 to disable
the drives write clrcuitry through the open cable detect Iline.

Slots 12=15 in the S140 do not have power fail, therefore,
a jumper wire should be Installed to enable this feature.
Slot 16 has It avallable on B21. Refer to your CPU

manufacturer's manual If additional iInformation Is needed.

In additlion, the BMX-3 contains Its own power fall clircultry
to further protect drive data Integrity In the event the
slot where the board Is Installed |oses power.



2.3

CONTROLLER PREPARAT ION

2.3.1

Flgure 2.1 shows the BMX-3 board layout with the

pertinent

configurable Items called out. Use this

figure to locate the necessary switches and jumper

plugs for

the following sections. The board cover

may have to be removed for some of of these confligurable
Items. Refer to Table 2.2 for Paddleboard Jumper Table.

COMPUTER MODE SELECTION

The BMX=3
specified
two ways:
mode plug

has been set to Mode 1 at the factory unless
otherwise. The BMX=3 must be configured In

1) Confliguring to the correct CPU via 24 pin
on the clircult board and the B paddleboard, and

2) Choosing a feature select with a jumper plug on the
clrcuit board and the B paddleboard.

First configure the mode plug to your CPU type. Four

modes are

possible. Table 2.1 indicates the CPU mode

selections.

MODE 1 =~

MODE 2 =

MODE 1A -

MODE 2A -

This Is the standard configuration and provides
these features: dual port, extended 11 bit tag bus
(for use with disk drives In excess of 1024
cylinders) and remote Pick/Hold power sequencing.

Required on certaln CPU types but sacrifices two
of the three available features. Choose one of
the three following features: dual port, extended
11 bit tag bus (for use with disk drives In excess
of 1024 cylinders) or remote Pick/Hold power
sequencing.

Provides the same features as mode 1 for the
following computers: S250, C350, M600. See
Appendix |I.

Provides the same features as mode 2 for the MY6000
Expansion Chassis. See Appendix I.

When changing from Mode 1 to Mode 2 simply remove the 24

pin mode plug (on the BMX-3 and B paddleboard), turn it 180
degrees and re-Iinsert. Second, choose the feature plug

(on the BMX=3 board and paddleboard) for the desired feature.
To determine which CPU mode to choose, reference Table 2.1.

NOTE: For some CPU's the BMX=3 can be configured in elther
Mode 1 or Mode 2, (identifled on Table 2.1 as ALT).
Mode 1 s preferred since It retains all 3 features.
Mode Selection Is shown on Board Cover.

2=3
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FIGURE 2.2 "B" Paddleboard

% e | .
i —

Mode 2 Remote Pick-Hold
Mode 2 Extended Tag Bus
Mode 1 Position/Mode 2 Dual Port
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TABLE 2.1

The feature selections are referenced in Figures 2.1 and 2.2.

When you have chosen CPU Mode 1 you must have the feature
select plug installed in the "Mode 1 Default/Dual Port"
position. Unless this feature select plug is inserted
properly, the Controller will not function correctly.

NOTE

When you have chosen Mode 2 you have a choice of
1 of the 3 features. You cannot choose more than
one, Example: for dual port, insert the feature
plug marked "Mode 1 Default/Dual Port"™ on the
BMX=-3 board and the B paddleboard.

CPU Mode Selection

MODEL MODE 1 MODE 2 MODE 1A MODE 2A

NOVA 4C X

NOVA 48§ X

NOVA 4X X

S$120 X

S140 X

$280 X ALT.

M600 X

MV4000 X ALT.

MV6000 % X

Mv7800U X

Mv8000 X

MV8000-11I X

My8000C X

MV10000 A\ X ALT.

MV15000 X

MY20000 X

NOTES:

A& MV10000 REV 02 backplane and |ess requires Mode 2
operation,

A Mode 2A Is to be used only in the MV6000
I/0 expansion chassis.

135 Set the BMX-3 up for the Mode of the chassis
that is being used,

NOTE: Modes 1A and 2A require the Modes 1 and 2 plug

selections, respectively, in conjuction with
jumper changes on the controller and paddleboards.
See Appendix |.



TABLE 2.2

Mode Jumper Table

# 500-408-00

# 500-409-00

REVISION C REVISION B
OR HIGHER OR HIGHER
BMX=-3 A Paddleboard | B Paddleboard MODE 1 MODE 2 MODE 1A MODE 2A
W 34-1 X
W 34=-2 X X X
W 34=3 X X X
W 34-4 X
W 34-5 X X X
W 34-6 X
FPins 1,2,3
near B83 -
lower right
hand corner 1-2 1=-2 2=3 1-2
Jumper at Mode Mode Mode Mode
N1 1/2 1/2 1A 1/2
24-pin
Jumper at
DD5 Mode 1 Mode 2 Mode 1 Mode 2
Outside Aw ay Away Aw ay
Jumper From From From Toward
at 2A 2A " 2A “2A 2A
Outside Away Aw ay Away
Jumper From From Toward From
at 1A 1A 1A 1A 1A
Wi X
W2 X X X
W3 X
W4 X X X
24-Pin
Jumper
Plug Mode 1 Mode 2 Mode 1| Mode 2
X = jumper Is in or mode plug arrow Is pointing toward this mode.
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2,3.2 BMC BUS TERMINATION

If there Is more than one BMC device daisy chalned on the
BMC bus, then the BMC controller at the end of the bus must
have the bus terminators installed. |f the BMX=3 Is to be
Installed as the last or only BMC controller, then make sure
the 3 bus terminators are Iinstalled at locations A12, B12,
and C12 on the controller board. Reference Figure 2.1,

NOTE: The BMX=3 Is shipped from the factory with these
terminators Installed unless otherwlse specified.

2.3.3 EEPROM WRITE DISABLE

The BMX=-3 provides the means to hardware disable any
further alterations to the configuration EEPROM. To
write disable the EEPROM, cut foll jumper W22-1 |ocated
at D5 on the controller board. Foll jumper W22=-1 is
factory Installed. Do not cut this jumper before
configuration has been completed. Refer to Section 2.11,

2.3.4 DEVICE CODE SELECTION

The BMX=3 provides a set of Device Code switches on the
board edge that allows the user to easily change the

device code without having to remove the controller

from the computer chassis. See Figure 2.3. The standard
Primary device code Is 27 octal and Secondary Is 67 octal,
however, any standard DG device code can be selected.
Switches 1 and 2 are not used. Switches 3 through 8 specify
device code. Reference Figures 2.1 and 2.3 for proper
switch selectlion,

2.3.5 LOW SPEED DISK

In Burst Multiplexor Channel mode, the BMX=3 will

function with Disk Drives ranging in speed from less than

5 MHZ serlal bit rate up to 20 MHZ. |In Data Channel mode
the standard configuration supports transfer rates between

8 MHZ and 20 MHZ. |If a disk drive slower than 8 MHZ is to
be connected and run In DCH mode, then cut foll jumper W15=2
and add a 47 ohm resistor jumper to Wi15=1., Foll jumper
W15=2 Is factory Installed.

JUMPER POSITION INSTALLED BMC MODE DCH MODE

High Speed (W15=2) <5 mhz=20 mhz 8 mhz=20 mhz

Low Speed (W15=-1) <5 mhz=15 mhz <5 mhz=15 mhz



FIGURE 2.3 Device Code Switch

Swjtch Down = Bjnary 1

ga}zﬁn gp ; aggirgignificant Bit \\\\\\ |

Device Code = 27 Octal is Shown
DEVICE S1 S2 S3 S4 S5 S6 S7 S8
CODE RESERVED | RESERVED |DSO |DS1 DS2 | DS3 | DS4 | DS5
0X upP up up
1X upP up DOWN
2X up DOWN | UP
3X UP DOWN | DOWN
4X DOWN JuP UP
5X DOWN |uP DOWN
6X DOWN |DOWN | UP
7X DOWN |DOWN | DOWN
X0 upP upP upP
X1 up UP DOWN
X2 up DOWN |UP
X3 up DOWN |DOWN
X4 DOWN |uUP upP
X5 DOWN UP DOWN
X6 DOWN |DOWN {uP
X7 DOWN |DOWN [DOWN
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2.4 DISK DRIVE PREPARATION

Refer to the disk drive manufacturer's installation manual
to unpack, unlock the head assembly, and for general
installatlion Instructions.

2.4.1 SECTORS PER TRACK SELECTION

The number of sectors per track to which each disk drive
should be set Is shown in Table 2.3 below. Find the disk
drive model that will be run on the BMX=3, Adjacent to the
model is the number of sectors to which the disk should be
set.

NOTE: If the BMX=3 Is configured for split sectors for any
disk drive, that particular disk drive will appear
to the system as two disks with half the number of
sectors shown In the maximum sectors column of the
table below. The table shows the maximum number of
sectors for each disk model using at least 576
bytes in each sector of the disk surface. Problems
are Inevitable If this number Is not adhered to.
Use this number to calculate the number of sectors
a disk drive can have If It Is not shown In
Table 2.3,

TABLE 2.3 MaxIimum Sectors Table

MAXIMUM NUMBER OF

DISK DRIVE MODEL SECTORS SUPPORTED
A1=AMPEX 165 35
AZ-AMPEX 330 35
A3=-AMPEX 980 35
A4-AMPEX 80 35
A5=-AMPEX 660 35
A7=AMPEX 932 35
A8~-AMPEX 964 35
A9=AMPEX 996 35
AA-APS 4830-202 70
AB-APS 4835-202 70
AC-APS 4830-337 70
AD=APS 4835=337 70
AE-APS 4830-404 70
AF=APS 4835-404 70
AG-APS 4865 70
AL-AMCODYNE 7110 32
AM-AMCODYNE 8160 35
C1-CDC 9730-80 35

C2-CDC 9730-160 35



C3=-CDC
C4-CDC
C5=-CDC
C6-CDC
C7-CDC
ce-CDC
C9-CDC

CA=-CDC
CB-CDC

9762

9766

9775

9710 (RSD)
9715=160
9715=340
9715=515

LARK 9457
LARK 9455

CC-CDC CMD
CD-CDC CMD
CE-CDC CMD

9448-32
9448-64
9448-96

CF=-CDC 9410-8
CG-CDC 9410-24
CH=CDC 9410-32
Cl-CDC 9410-40

CJy=CDC 9412

D1-DATA PER.D1600
DA-DISC TECH 3306

E1=CENTURY
E2=-CENTURY
E3=CENTURY
E4-CENTURY
E5=CENTURY
E6-CENTURY
E7-CENTURY
E8=CENTURY
E9=-CENTURY

EA=CENTURY

F1=-FUJITSU
F2=FUJITSU
F3=FUJITSU
F4=FUJ ITSU
F5=FUJITSU
F6=FUJITSU
F7=FUJITSU
F8=FUJITSU
F9=FUJITSU

300
302
306
AMS 315
T82
160
AMS 513
AMS 380
AMS 571

C2048

2280
2284
2294
2351%
2311
2312
2322%
2333 %
2331%

F10=-FUJITSU 2361%

FA=-FUJITSU

K1-KENNEDY
K2-KENNEDY
K3=-KENNEDY
K4=KENNEDY

2298%

7380
5380%
53160%
7340

M1=MEGAVAULT 83
M2-MEGAVAULT 116

MA-MEMOREX 677-=30

(586

(582
(584
(584
(585

(585

(572
(572

bytes/sector)

bytes/sector)
bytes/sector)
bytes/sector)
bytes/sector)

bytes/sector)

bytes/sector)
bytes/sector)
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2=12

2.4.2

MB-MEMOREX 677=70 23

MC-MEMOREX 213 35
MD-MEMOREX 214 35
N1=NEC 2220 35
N2-NEC 2230 35
N3=NEC 2246 35
N4-NEC D2351 62
P1=-PRIAM 15450 35
P2-PRIAM 804 35
P3=-PRIAM 3350 35
P4-PRIAM 3450 23
P5=-PRIAM 7050 23
P6=-PRIAM 6650 35
T1=-TECSTOR 85 35
T2-TECSTOR 165 35
T3=-TECSTOR 200 35
T4=-TECSTOR 300 35
T5=-TECSTOR 160 35
UD=-USER DEFINED 128 (drive dependent)

If the disk drive you are installing Is not on the |Ist, refer
to the Configurator Command menu. Choose selection D (Disk
Drive/s). Answer the associated questions on your operating
system. When a list of disk drive manufacturers displays,
push "H", then carrlage return to review the heads, cylinders,
sectors, unformatted capacity and format type. Choose a drive
similar in characteristics or choose "UD", (User Defined).

UD is listed under RDOS In the command menu. UD Is avallable
under AOS/AOS VS when you choose a non-standard drive.

Refer to your disk drive manual and carefully determine the

~the correct switch positions for the sector count and set the

the switches In the disk drive accordingly.
Use appropriate sector selection by refering to manufacturers

manual on calculating sectors and calculate based on the
deslired number of bytes/sector.

UNIT NUMBER AND MISCELLANEOUS PREPARATION

Set the drive(s) to the desired unit numbers. This Is usually
done via a switch in the drive or by changing lens caps on

the front. For two or more drives, unit numbers assligned are
usually consecutive, with unit "0O" being the primary unit.

For dual=-volume drives such as CDC's CMD, Lark, etc., or
drives that the controller treats as dual volume (indicated

In the Disk Drive "HELP" section of ZETACO's Configurator
program on the Software Support Package tape), the drive .
must be set to unit 0 or 2, with the next consecutive odd

unit number used by the other volume of the disk drive.

Ensure the disk drive you are installing has the Index and
sector signals on the "A" cable. |If these signals are on

the "B" cable only, the controller will not function correctly.



2.4.3  SPECIAL CONSIDERATIONS

SPECIAL CONSIDERATIONS FOR THE FUJITSU 2351 SECTOR SELECTION

The FUJITSU 2351 should be set to 48 sectors per track by
setting the number of bytes per sector to 586 and not 587
as Indicated the Fujitsu 2351 manual. This willl provide
a more even distribution of the avallable frack capacity
between the 48 sectors, allowing the subsystem to perform
better.

The following Fujitsu jumpers should be Installed to achleve
586 bytes per sector:

BC7 2=3 6=-7 10-11 12=-13
BD7 3=4 6=-7 9-10 13=14
BE7 3=4 5=6 10-11 13-14
BF7 3=4 6-7 10-11 13=14

NOTE: On Formatter and Rell you will see the followling
Information displayed (A0S, AOS/VS):

UNIT TYPE HDS CYLS SEC/TRK SECTOR PULSES

0 0 19 815 24 48 sufficlent
bytes/sector ?

1 1 19 815 24 48 sufficlent

bytes/sector ?

In this example, the Sector Pulses are correct, allowling
you to proceed.

SPECIAL CONSIDERATIONS FOR THE CDC 9457 (LARK 11)
AND CDC 9455 (LARK) :

Ensure options W-4 and W=8 are installed within the dIsk
drive. W=4 [dentiflies Auto Seek on head change. W=8
identifles two volumes (CDC terms it CMD). The CDC Lark
Is factory set at 32 sectors. The 64 sector version Is
not useable.

2.4.4 REMOTE DRIVE START

On initial power up, the Controller will delay activating
Pick/Hold (spins up drive) for one second. This feature
eases the Initlal current demand on the AC power source.
This feature requires that the disk drive be selected for
remote operation. |f the remote spin up feature has not
been selected In Mode 2, then Pick/Hold Is grounded, which
will issue a continuous Pick/Hold. '
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CONTROLLER BOARD INSTALLAT ION

Carefully select an I/0 ONLY slot, (reference Table 1.1),
and gulde the controller board in by allowing the edges of
the board to follow the guides evenly. Use the lock tabs
on the two outside corners to provide |leverage when the board
meets the connector. Use equal pressure on both lock tabs
until the board seats firmly into the backplane connectors.

CAUTION: AN 1/0 ONLY SLOT MUST BE USED. COMPONENT DAMAGE
' WILL OCCUR IF A SLOT OTHER THAN 1/0 ONLY IS USED.
REFER TO SECTION 1.3.2. ZETACO'S WARRANTY IS
VOID IF A NON=1/0 ONLY SLOT IS USED.

Two paddleboards connect onto the minicomputer backplane
pins. Observe which slot the BMX=3 occupies in order to
determine which set of backplane pins to use for connection. .
One paddleboard connects to the "A" backplane and one
on the "B" backplane. Make sure the CPU backplane pins
are straight first, then reference Fligure 2.4 for
proper Installation. The paddleboard (labeled "B")
with the 60-pin header goes on the "B" backplane. The
paddleboard (labeled "A") with the four 26=-pin headers

A fair amount of Insertion force resistance Is presented
by these connectors, so carefully rock the paddleboard
back and forth while exerting pressure In order to gulde

2.5.1 PADDLEBOARD INSTALLATION

goes to the "A" backplans.

all the pins Into the connector.
2.6 CABL ING
2.6.1 INTERNAL DISK CABLING

As shown In Figure 2.4, the socket connector end of the
60-conductor cable (referred to as Internal SMD "A" cable)
plugs Into the "B" paddleboard. The other end of this
cable (D connector) mounts on the backpanel.

NOTE: Paddleboard "B" with 12=-pin mode plug may extend
too high when trying to plug in the paddieboard with
another controller board and the paddleboard Is set
in the next slot. Simply pop off the red cap of
the 12=pin mode plug exposing the Internal metal
Jjumpers, '



The socket connector end of the 26=-conductor cable
(referred to as internal SMD "B" cable) plugs into the

"A" paddleboard. The other end of this cable (D connector)
mounts on the backpanel. Observe the port assignments

on the paddleboard In order to keep track of which ports
are 0-3 on the backpanel. |If more than one drive is to be
connected, we recommend |abeling the assocliated port(s)

on the CPU connector panel.

2.6.2 EXTERNAL DISK CABLING

As shown in Figure 2.5, the 60=-conductor "A"™ cable connects
the appropriate backpanel D connector to the first drive,
then continues from drive to drive in a daisy chain fashion.
The last drive In the chain must have a terminator installed
Iin place of the dalsy chaln cable. This terminator Is
located within the disk drive.

Each drive must have a 26=-conductor "B" cable connected
between the drive and the backpanel D connector in a

radial fashion. Connect external ground wire on both A and
B cables to the drive's chassis ground.

Ensure that the port Is configured (by use of Configurator
Program) to match the correspondlng drive type plugged
info that port.

If Non=FCC cables are being used, the "A"™ cable plugs directly

Into the "B" paddleboard, and the "B" cable plugs directly
info the "A" paddleboard.

2.6.3 BMC BUS CABLING

The two BMC bus cables provided have a single 40=pin

connector on one end and a group of 4, 6, or 8 connectors

on the other end. Install the BMC bus cables as shown In
Figure 2.4, observing proper connector orlentation, by
plugging the single-plug end of the cables Into the DG BMC I/F
and the multiple=-plug end of the cables into the BMX=3 and
other BMC peripheral controllers. Reference Section 2.3.2

for BMC termination Installation. |If the data channel Is
being used for data transfer, the BMC cables nesd not be
Installed.

2.7 SUBSYSTEM GROUNDING

Because the AC power system safety ground does not
necessarily satisfy all system grounding requirements,
additional connections are required to earth ground,
referred to as system ground. The controller and its
attached drive(s) must be connected to a singlepoint
ground system., Ground connections are made via ground
braids that pass from drive to drive, drive to computer
chassis and computer chassis to earth ground. Refer to
Figure 2.5.
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FIGURE 2.4 Board Djagram

EXTERNAL CABLES O/ISK DRIVES
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FIGURE 2.5 Daisy Chaining Drives

(GROUND BRAID)

CPU

SMD "A" CABLE

DG FCC
CONNECTOR —=
PANEL |

"A" CABLE IS 60 PIN

“B" CABLE IS 26 PIN

SMD "B" CABLE

THE SMALL ARROW ON THE
CONNECTOR INDICATES PIN 1

TERMINATOR
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2.8

WARNING - To ensure proper ground return to earth, each
component In the system must be connected using
a dalsy chaln ground system. The AC and DC grounds
within each drive may need to be joined (consult
your drive manual). The drives must then be
Jolned by a dalsy chaln grounding brald and
connected to the grounding post at the rear of
the computer cabinet.

2.9

SYSTEM POWER UP

Turn system power ON. The BMX=3 will perform an Initial
"Self-test" by briefly lighting a red LED. A good test

Is Indicated by the LED turning OFF. For more detalls

or If selftest falls refer to Section 3.0. After power up,
the yellow LED should turn off If the controller has not
been configured for a dual port drive and the disk drive

Is powered on. See Section 1.3.1 for LED definitlions.

USING THE SOFTWARE SUPPORT PACKAGE TAPE

The Software Support Package tape is structured so that the
programs on Flles 2 through 7 can be loaded and executed
directly from the tape. Files 0 and 1 contaln the software
that enables you to boot from the tape and select the
particular program you want loaded into the system.

Each of the programs on Files 2 through 7 is a stand=alone
program. This means that they do not need, and cannot have,
an operating system running when they are executed. Programs
cannot be l|oaded onto your disk directly from Files 0=7.

File 8 for RDOS and File 9 for AOS (or A0S/VS) contain the
programs In the standard system dump format and you can load
them from these files to your disk. Even after the programs
have been transferred to your disk, you should retain the
Software Support Package tape In case of disk subsystem
problems,

The folloulng'sequence of events Is recommended by ZETACO.
Each step Is described In greater detail In the subsequent
sections of this chapter.

1. Mount the Software Support Package tape and boot It.
2. Select #2 on tape menu = configure the Controller.

3. Select #4 - format the medla. (Generally required.)
4, Select #3 = disk Dlagnostics.

5. Select #5 - disk Reliabllity.



NOTE: It Is not essential that you run Dilagnostics
or Rellabllity; however, they will locate disk
subsystem problems. It Is better that this be
checked out at this point than after you have
loaded your data.

The Bootstrap Procedure for the Software Support Package tape
Is:

1. Mount the Software Support Package tape on the drive
and put It on-line. Be sure that the BPl setting matches
that specified on the tape label.

2. Program Load. The method of program load varles for
the different processors. Some of the possibilities
are described here.

If your system has front-panel switches, set them to
100022 when loading from the primary tape drive, or to
100062 when loading from the secondary tape drive. Then
press reset and the program load switch.

For the S140 virtual console, set 11A to 100022 (or
100062 for secondary tape drive). Then enter 100022L
(or 100062L).

For the S120 virtual console, enter 22H (or 62H for the
secondary tape drive).

For MV class CPU's you must enter the full virtual console
and respond to the prompt:

SCP=CL 1>
with BOOT 22 (or 62 for secondary tape)

3. The Software Support Package Menu will be displayed:
FILE # : PROGRAM

.BMX=3 CONFIGURATOR

DISK DIAGNOSTICS

DISK FORMATTER

DISK RELIABILITY

CSDKINIT=RDOS DISK INITIALIZER
CSDSKED=RDOS DISK EDITOR

",SV & .LS" Files and any Utilities In
RDOS DUMP Format

ONO UV HWN

9 n,SV & .LS" Files and any Utilitles in
A0S DUMP Format
10 AOS/VS Utilities In AOS DUMP Format

File Number?

You should enter the number of the program you wish to
execute,



2.9.1  CONFIGURING THE BMX=3

The Confligurator Program replaces hardware switches. You must
run File #2 on the Software Support Package In order to
Install your BMX=3, See Section 2.11 for further information.

2.9.2  DISK DRIVE SECTOR SETTING VERIFICATION

The BMX=3 provides a feature that allows the Formatter,
Rellability and Diagnostics Programs to display the actual
number of sector pulses detected by the controller. Thils
enables the user to verify that the disk drive has been
correctly configured before attempting any data transfers.

NOTE: ONLY FULL SECTORS WILL BE COUNTED.

2.9.3 DISK FORMATTER

NOTE: If the Sector Sllp option iIs utillized, skip this
section and refer to the Sector Slip Manual.

The first thing to be done after the BMX=3 Is confligured Is
to run the Formatter Program (File #4). Run a minimum of

3 passes, preferably 6 passes, of surface analysis. Be -
sure to dlsable Error Correction with the Confligurator
Program before starting the Formatter Program. See

Section 3.2 for more detalled information.

2.9.4 DISK RELIABILITY

It Is recommended that the Disk Reliability program

(File #5 on tape) be run for at least one pass to ensure

a rellable subsystem before storing the system data on It.
If any problems are encountered, the disk Diagnostic,

(File #3 on tape) can be used to identify the source of the
problem. See Section 3.2 for more detalled Information.

2.9.5 DFMTR/DKINIT

The disk Is now ready to be Initlalized by running D.G.'s
DFMTR program (not supplied with controller) for AOS or
A0S/ VS operating systems. Run ZETACO'S CSDKINIT program on
File #6 of the Software Support Package tape for RDOS or
ERDOS. D.G.'s DKINIT will also work for true emulations,
but CSDKINIT gives the capabllity of expanded capaclty
support. ZETACO recommends CSDKINIT for RDOS/ERDOS.

NOTE: When Initiallization Is complete, the on=board ECC
can be enabled with the Configurator Program.

See Section 3.2 for more detalls.



2.10

SYSGEN CONSIDERATIONS

2.11

Listed below Is an example of part of the RDOS system
generator,

1. Number of 6060/6061/6067/6122/6160/6161 Disk
Controllers (0=2)

2, Device Primary ("0") or Secondary ("™1")
3. Controller #1 6160/6161 Type? ("Q0"=NO, "1"=YES)
4, Number of Devices for Controller #1 (1=4)

5. Number of other types of Moving Head DIsk
Controllers (0=2)

6. Device Primary ("0") or Secondary ("i")
NOTE: On line three answer NO when running RDOS. When you
answer NO, you allow up to four disk drives (6160 or

6161) to be connected to the BMX=3. "YES" allows
only two disk drives (6160 or 6161) to be connected.

BMX=3 CONFIGURATOR

The BMX=3 Controller Is configured for your particular
system via software. Before you will be able to access

your disk(s), the BMX=3 Controller must be configured to
reflect your requirements. To do this, load the BMX=3
Configurator Program from the Software Support Package tape
per Iinstructions In the preceding section. The Conflgurator
Program Is located on File #2 of the tape.

The Program displays a heading and an Introduction. Read
the Introduction carefully before proceeding.

Initially you must specify on which device code the BMX=3
controller Is currently running. This Is so that the current
configuration facts can be read from the Controller's EEPROM
(Electrically Erasable Programmable Read Only Memmory). If
this Is the Initial Installation, the BMX=3 will be set at
device code 27 octal. See Section 2.3.4 for device code
selection.

The BMX=3 Configurator Program includes both a HELP menu

for general questions and a HELP command for each [tem.
Please use these functions whenever you are uncertaln as

to what to do. The purpose of the Configurator Is to

change the pre=-set facts to reflect your environment, and
then to update the EEPROM on the Controller. The Controller
will then perform according to the particular configuration
you have speclifled.
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SYSTEM REQUIREMENTS TO RUN CONFIGURATOR PROGRAM

a) Nova/Eclipse or MV Family CPU with 32K Words Memory
b) BMX=3 Controller Board/s

c) Console on Device 10/11

d) Printer at 17, iIn order to use Loggling

The following sections describe the configurable features
supported by the BMX=3.

The BMX=3 can be configured for either Data Channel transfer
or Burst Multiplexor Channel transfer. BMC mode Is required

The BMX=3 has the capability of functioning with up to

seven other BMC peripheral controllers. However, some D.G.
computers, such as the MV/4000 and S-280 only support up

to four BMC devices. In this case you must select priorities
0 thru 3, 3 being the highest priority. The lower the
priority number the lower the priority level. ‘If there -Is
more than one BMC device, make sure you select a priorlty
level that Is different than the other BMC devices.

2.11.1 DATA TRANSFER MODE
for AOS/VS.

2.11.2 BMC BUS PRIORITY

2.11.3 DISK CONFIGURATION

The BMX=3 s capable of running with virtually any
disk drive that meets the SMD specifications, Including ESMD
and the 20 Mhz HSMD drives. Traditionally, when running

~under AOS or A0S/VS, only those drives that met the sizing

characteristics of the supported emulations could be used.
However, Virtual Mapping clrcumvents many of these operating
system restrictions, and allows higher formatted ylelds from
some drives that normally map out Inefficliently. Under RDOS,
the BMX=3 can take advantage of the full capacity of most
disk drives using ZETACO'S CSDKINIT program which allows
deviation from the standard DG disk emulatlions.

DUAL VOLUME DRIVES:

If a dual volume drive Is to be connected, the drive

must be configured to an even-numbered unit. A dual volume
drive Is treated as two loglcal units, so a maximum of two
dual volume drives, or one dual volume drive and two single
volume drives can be connected.

NOTE: The Kismet Family - 6160, 6161 and 6214, under AOS.
and AOS/VS, only allow two, single=-volume drives or
one dual=-volume to be connected.



Theré are two forms of dual volume drives. One has two
physical volumes. (Examples are CDC Lark, Amcodyne 7110
and CDC 9448 Serles.)

The other form of dual=-volume Is treating one physical drive
as 2 logical units (If drive characteristics permit).

For example, dual 6061 emulation (AOS) operation for the
Fujitsu 2351 Eagle, or dual 6161 emulation (AOS) operation
for the Fujitsu 2333 drive, or Dual 6122 emulation operation
for the Fujitsu 2361 drive.

In all cases, dual volume drives must have both units
formatted before reading or writing.

When this function Is enabled, on=board error correction
and data strobe early/late occur automatically on bad

data. Also, a running count of ECC corrections and
successful data strobe early or late data recoveries

are logged In scratch pad memory, with a separate count for
With this function disabled, ECC corrections
This feature can be

2.11.4 ERROR CORRECTION ENABLE
each unit,
must be handled by the softwars.
selected on any port,

2.11.5 THROTTLE BURST RATE

This Is defined as the number of word transfers that take
place over either the DCH or the BMC on a single bus access.
Throttle adjustment |s dependent on the type of system
configuration into which the Controller Is Installed. Too
low of a throttle setting could result in slow dilsk
performance, and too high of a setting could cause a data
late on another DCH or BMC device. The BMX=3 supports

4, 8, 16, 32, 64, 128 and 256 word Burst Rates. A Burst
Rate of 16 Is recommended for DCH and 32 is recommended for
BMC.

~

NOTE: If running a 20 Mhz. disk drive In a non-Interleaved
mode of operation, (interleave 1:1, no dual=-volume,
no double cylinder) for example, when running a
FUJITSU 2361 with Sector Slip, use the followling
BMC Throttle Rate gulidellines: (based on 602 -
bytes/sector.)

Refer to Section 2.4.1 for additional

CPU MODEL MINIMUM THROTTLE RATE
S140 256
S280 16
MV4000 128
MY6000 64
Mv8000 (C, I11) 32
MY10000 64

information.
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2.11.6

The BMX=3 allows you to select a different Burst Rate for
each .drive port, thereby giving the ability to fine tune the
bus to a particular speed of the disk drive.

BREAK COUNT INTERVAL

2.11.7

Utillzed only in the BMC mode, the Break Count Interval Is
defined as the period of time that the BMX=3 Is off the BMC
bus. With the Break Count set to 0 there is an inherent 1.4
microsecond OFF time (delay between requests), which is

the break count setting recommended by ZETACO. Each
additional count adds 200 nanoseconds to the OFF bus time.

NOTE: The equivalent to the Break Count recommended by
DG on 6160 Is a setting of 25.

If there are other BMC devices present, It may be desirable
to Increase this count to allow more time for the other
devices to access the bus. |If the Break Count Is set too
large, slow disk performance may result. A larger Break
Count also allows the CPU more memory time.

The BMX=3 allows you to set a different Break Count on each
drive port, which gives the ability to fine tune the bus
according to disk speed.

2.11.8

SECTOR SLIP

The BMX=3 has an optional feature called Sector Slip, which
provides the capabllity of utllizing spare sectors to skip
over sectors that contain media defects. In effect, the medla
will appear flawless to the system, and thus reduce system
overhead. |f this option Is to be enabled, you will need

to run an optionally avallable Sector Slip Formatter Program.
Sector Slip cannot be used on a disk with sector Interleaving
or one that Is configured as dual=-volume (two loglical units).
See the Sector Slip manual for more detalls if you purchased
Sector Silip. ’

SECTOR INTERLEAVE RATI0

Non=Interleave (1:1) Is recommended for optimum performance,
and should be sufficlient on the BMC in most cases.

The BMX=3 supports any Iinterleave from 2:1 up to 6:1 and each
drive port can have a different interleave ratio.
Interleaving may be desired to fine tune a system's
performance. This Is to avold golng a full revolution on the
disk when the CPU cannot respond fast enough to catch

the next consecutive sector.

If system performance Is too slow to access the next
consecutive sector, which Is indicated by extremely slow disk
performance, then an interleave factor of 2:1 or greater
should be selected. To maintalin optimum performance, don't
select an Interleave greater than Is required to access the
next consecutive sector In a multiple sector transfer.



2.11.9

MEDIA FORMAT

2.11.10

The BMX=3 has the capabllity of supporting, simultaneously,
up to four different types of disk media format. Thils also
means that each drive port could be running a totally
different media format.

If ZETACO format Is specified, one of three possible
formats will automatically be selected according to the
disk model that was speciflied earlier:

ZETA 1 = Standard SMD Drives
ZETA 2 = Fujitsu 20 MHZ Drives
ZETA 3 = ZETACO High Speed Compatible

SYNC BYTE

2.12.0

The BMX=3 supports a media format that contalins a header
sync byte and data fleld sync byte, instead of just a

sync bit. The sync byte provides better header address

and data iIntegrity. This sync byte Is user-definable for
each drive port on the BMX=3, Any value between 01 hex and
FF hex Is acceptable, although 93 hex (223 octal) Is the
recommended value. When entering a sync byte use the octal
number. This feature can provide a means for dlsk pack -
access security between different disk subsystems.

VIRTUAL MAPPING

The purpose of this Section Is to provide Information as to
the benefits of considering the use of the Virtual Mapping
Feature with the BMX=3 Disk Controller. The main issue Is to
look Into how this feature will allow additional drive types
to be used with A0S and be media efficlient without modifing
the operating system (patching). The term AOS used In this
section of the manual will mean AOS and AO0S/VS. Unlike RDOS,
with the advantage of ZETACO's DKINIT program, AOS requires
that the drive must at least be equal to the characteristics
of a DG emulation (cylinders, heads, & sectors). Non virtual
mapping supports a very limited number of drives, because
elther the down-slized characteristics for AOS makes the

drive very medla Inefficlent or the drive cannot be slzed
correctly as a DG type drive. A solution to this would be

to configure the controller for virtual mapping where as the
only restriction Is that the block size must be equal to

or exceed a DG emulation block size. This form of virtual
mapping Is called Block Address Translation (BAT). The
advantage of BAT Is a drive with a maximum cylinder, head,

or sector address that differs greatly from a DG drive may
now be considered for AOQS.
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2.12.1  SCOPE

This Section will Identify some of the drives that currently
cannot support AOS wlthout vitual mapping due to the nature of
thelr characteristics and also having a low efficiency as
compared to RDOS. The RDOS to A0S comparison wlll be
Illustrated by the aid of matrix tables. The three DG
emulation groups (Zebra, Kismet, & Vulcan) will be discussed
with regards to thelr Importance to BAT. Methods of

Increasing capacity yleld via BAT will be represented by
tables.

2.12.2 DG DISK DRIVE SIZING CHARACTERISTICS

It Is considered useful, on the drive manufacturers point

of view, to determine medla efficlency by comparing
unformatted capacity with formatted capacity. Unformatted
capacity Is defined as the product of the cylinders, heads,
and bytes per track. Formatted capacity relates to the type
of system requirements, I.e. the number of data bytes.

Data General requires that each sector must contain 512 bytes
of data. Formatted also means to Include a header fleld for
sector address verlification and gap flelds for adhering to
drive speciflication (PLO Sync, Read Gate Delay, Pad, etc.).

A more effective way of Indicating drive capacity wlth
respect to Data General would be to multiply the maximum
characteristics (cylinder, head, and sector) times 512.

Let C = Maximum Cylinder Address
H = Maximum Head Address
S = Maximum Sector Address

Then: Byte Capaclity = (C)(H)(S)(512)

Since 512 bytes per sector Is a Data General constant It .
would simplify any further calculations by dropping it and
then call the product block size.

Block size = (C)(H)(S)

For means of comparison, It would be appropriate to suggest
that RDOS Is 100% efficient. That Is to say the only drive
characterlistic restrictions, assuming Rev. 7.0 or greater,
would be 2048 cylinders, 32 heads, and 64 sectors as maximum
addresses. Another way of looking at It Is this Is also

the maximum addresses that can be represented by the program
control accumulators (i.e. DOA, DOB, & DOC).
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2.12.3 DG DISK EMULATION GROUPS

BAT is bounded by the set of DG emulation block sizes to be
functional in an AOS or environment. There are seven
different block slzes BAT can choose from for greatest medla
efficlency. The seven block sizes, as defined by the
respective emulation, are dlvided up Iinto three groups:

1) Zebra 2) Kismet 3) Vulcan. Table 2.4 deflnes each
emulation and group. Please observe the symbol assligned

to each individual emulatlion type as they will be used
frequent|ly thoughout this Section.

TABLE 2.4 DG Emulation Groups

ZEBRA

CYLINDERS HEADS SECTORS BLOCK SIZE SYMBOL
6060 | 411 I 19 1 24 1 te7,at6 1 zo 1
6061 | 815 1 19 1 24 1 371,640 1 z1 1
6067 | 815 1 5 1 24 1 97,800 1 27 1
KISMET

CYLINDERS HEADS SECTORS BLOCK SIZE SYMBOL
6160 1 825 | 5 1 35 1 144,025 1 Ko 1
6161 1 823 1 10 1 35 1 288,050 1  Ki I
6214 | 845 1 40 1 35 1 1,180,200 | K& 1
VUL CAN

CYLINDERS HEADS SECTORS BLOCK SIZE SYMBOL
6122 1 815 1 19 1 35 1 541,975 1 v i

2.12.4 RESTRICTIONS WHEN GROUPING DG EMULATIONS

When more than one unit Is specifled, every unit must

be of the same group (l.e. Zebra's, Kismet's, & Vulcan's
cannot be Intermixed). When AOS slzes a drive as a Zebra.
the ending disk address must be coherent to that driver.
Kismet and Vulcan's require speciflic Identiflier flags
when sized and expects all units to be of the same group.
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2.12.5 SELEéTING MAXIMUM ALLOWABLE BLOCK SIZE

This section explains the effectiveness of BAT, both
functional and intultive, now that the basic ground rules
were discussed. A list of drive types (Table 2.7) that

would be desirable with respect to virtual mapping will serve
as examples for this Section. The baslic principles of

BAT shall provide the necessary tool In which to Include

other non-standard drive types not contalined within this |Ist.

Since the main attribute with this feature Is Its ablillty
to Increase data capaclity (virtually), It would be appropriate
at this time to define maximum allowable block size.

Definition: Maximum allowable blockslze Is the maximum
number of blocks that meet the requirements
of AOS for a drive type whose block size Is
greater than or equal to a sum of one or more
DG block slzes in an emulation group.

2.12.6 SYSTEM UNIT TO PHYSICAL DRIVE

Any one of the drives |isted In Table 2.5 may be selected
as an example, as they are all non=standard drive ftypes.
To best Illustrate how BAT works select a drive type from
the list and step It through the following procedurs.

Let D = maximum block slize of any drive type.

U

DG emulation block slze.

X an element within the 7 avallable DG block sizes.
Drive Characteristics: Cd
Hd
Sd

Maximum Cylinder Address
Maximum Head Address
Maximum Sector Address

DG Unit Characterisics: Cu Maximum Cylinder Address

411,815,823,843

Maximum Head Address

5,10,19,40

Su = MaxImum Sector Address
24,35

Hu

D=(Cd)(Hd)(Sd) U=(Cu)(Hu)(Su)
Therefore, to meet AOS requirements the drive must support

greater than or equal to the number of blocks specified by a
DG drive. '

D >= U(x) X3 20,721,27,K0,K1,K4,V

To make the above equation an equality a number must be
added to U(x).
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2.12.7

Let B = the number of extra blocks.
D = U(x) + b

then b = D = U(x) It will be apparent that the smallest b
Is what Is desired.

NOTE: If D < U(x) for all of x, then the drive cannot be
supported at all by AOS.

To summarize, multiply the maximum values of the cylinder,
head, and sector of the drive, and then propagate through
Table 2.4 to select the smallest number of extra blocks (b).
Example: CDC XMD (see Table H.2)

D = 1,409,024

Using Table 2.4 then, for U(x), x = K4 (6214 emulation) as
the cholce for the smallest b.

MEDIA EFFICIENCY

Efficiency: Once the smallest b Is known, media efflclency
can be calculated.

Eff = U/D , Eff # = Eff X 100
Example: CDC XMD

Eff = /D = 1,180,200 / 1,409,024 = .838
Efff = .838 X 100 = 83.8%
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Table 2.5 Vl:r'l'ual Mapping Example Table for Non-DG Slized Drive Types

| MANUFACTURER | DRIVE CHARACTERISTICS (C,H,S)1 BLOCK SIZE (D)1
I DRIVE TYPE | CYL (C) | HD (W) | SECT (8) 1 D=(CIx(HIx($) 1
| COC-FSD 9715-340 1 711 1 24 1 35 1 597,280 1
Tooc x0 1 toza t 11 86 1 1,409,024 1
I FUIITSU 2294 | 1024 | 16 1 35 1 573,460 1
UFUIITSU 2312 o ses 1 71 35 1 144,305 1
UFUIITSU 2298 1 1024 1 16 1 70 11,146,880 1
I FUSITSU 2361 | saz | 20 1 70 11,178,800 1
UNEC 2247 1 toz4 | 5.0 35 1 179,200 1
INEC 2257 T tozet st 35 1 z8s,120 1
I NEC 2300 1 760 1 191 3 1 909,720 1
UPRIAM 7050 1 1049 | 51 23 1 120,635 1
U PRIAM 6650 1 toz4 (31 35 1 107,520 |
UPRIAM 15450 1 1121 1 70 35 1 274,65 1
I TECSTOR 160 1 700t 12 1 35 1 294,000 I
| TECSTOR 200 1 823 1 12 1 35 1 345,660 1
| AMPEX CAP 330 | 1024 | 16 1 35 1 573,480 |
| AMPEX 660 | 2048 | 16 1 35 11,146,880 |
| AMPEX 9160 | 1645 | 5 1 35 1 287,875 |
I CEN DATA AMs 380 | 845 | 14 1 55 1 650,650 |
| DATA PER D1600 1 1116 1 71 35 1 273,420 |
| MEGAVAULT 116 1 823 1 71 35 1 201,635 I
| MEMOREX 214 1 589 1 71 35 1 144,305 1



2.12.8

MULTIPLE UNIT ASSIGNMENT PER DRIVE TYPE

The limitation of mapping one system unit per drive type

Is the fact that there are only 7 different block sizes to
choose from. The number of cholces of block sizes Increases
proportionally when more unit numbers are assigned to a
drive. The respective block size of each emulation within

a group may be added together. Two units may be assigned

In the Kismet group; up to four units within the Zebra or
Vulcan group. Table 2.6 on the following page provides a
st of additive DG block sizes per number of units. Notice
the Increased number of block size cholces.

The same methods explalned In Section 2.12.5 will be also used
with multiple unit assignment for top media efficlency.

The starting block address for each respective logical unit
assigned to a drive physically starts where the previous unift
left off.
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Table 2.6

DG Block Sizes By Multiple Units

ZEBRA - 6060 = Z0 KISMET - 6160 = KO VULCAN - 6122
6061 = Z1 6161 = K1
6067 = Z7 6214 = K4

NOTE: ZEBRA, KISMET, AND VULCAN CANNOT BE INTERMIXED.
A. THREE UNITS PER DRIVE
ZEBRA BLOCK SIZE KISMET BLOCK SIZE VULCAN BLOCK SIZE
27,27 1195,600  KO,KO | KI__ N,V 11,085,950
20,27 1 285,216 KO,K1 | 432,075 T
20,20 1 374,832 Ki,k1 | 576,100
21,27 1| 469,440 KO,k4 | 1,324,225
20,21 1 559,05  K1,K4 | 1,468,250
21,21 1 743,280 T -
B. THREE UNITS PER DRIVE
ZEBRA BLOCK SliE ZEBRA BLOCK SIZE
27,27,27 | 293,400  20,21,21 | 656,856
20,27,27 | 383,016 20,20,21 | 746,472
20,20,27 | 472,632 21,21,27 | 841,080
20,20,20 | 562,248 20,21,21 | 930,69
21,27,21 | 567,240 21,21,21 1 1,114,920
C. FOUR UNITS PER DRIVE
ZEBRA BLOCK SIZE ZEBRA BLOCK SIZE
21,27,27,21 | 391,200  20,20,20,21 | 933,888
20,27,27,21 | 480,816 21,21,27,27 1| 938,880
20,20,27,27 | 570,432 20,21,21,27 | 1,028,496
20,20,20,27 | 660,048  20,20,21,21 | 1,118,112
21,27,27,21 | 665,040 21,21,21,27 1 1,212,720
20,20,20,20 | 749,664  20,21,21,21 1 1,302,336
20,21,27,27 | 7154,6%  21,21,21,21 | 1,486,560
20,20,21,21 | sas,212

v



TWO UNITS PER DRIVE TYPE:

D >= U(r,s) r,s : 20,21,27
or KO,K1,K4
U(r,s) = r + s or v
Add b to make an equallty D = U(r,s) + b
or D=r + s +b»b

Summary = Multiply the maximum characteristics of the drive,
like before, and compare that value to Section A
of Table 2.6 to find the smallest b (b = D = U),.
Example: CDC XMD (see Table 2.5)
D =1,409,024
Using Table 2.6 then, for U(r,s), r= K4 (6214 emulation)
and s = KO (6160 emulation) as the cholce for the smallest b.
Therefore, U(r,s) = KO0,K4 = 1,324,225

Eff$ = U/D X 100 = 1,324,225 / 1,409,024 X 100 = 94%
as the effective capaclity yelld.

THREE UNITS PER DRIVE TYPE:
D >= U(r,s,t) r,s,t : 20,721,227
Ulr,s,t) = r + s + t
D=Ur,s,t) +b or D=r+s+++b

Use Table 2.6, Section B for smallest b (b = D = U)

FOUR UNITS PER DRIVE TYPE:
D >= U(r,s,t,u) rys,t,u : 20,21,27
U(r,s,t,u) = r + s + + + u
D = U(r,s,t,u) + b or D=r+s+t+ u+b

Refer to Section C of Table 2.6 and select the smallest b
(b=D'U)0
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One consideration that must be noted Is a maximum allowable
block size could have been determined entirely by the
controller., However, due to the Innate unit number
avallability from DG, the decision of how many units are

to be assigned to a drive should be left up to the user.

It Is how the customers might want to tallor thelr system,
In other words, acquiring more megabytes out ot the drive
by sacrificing unit numbers. This type of declsion Is
discussed within the configuration program as well.

Section 2.12.12 shows a progression of media efficlency
Increase per manufacturer type when assigning multiple units.
The efficliency Is also compared without virtual mapping to
Illustrate the advantage of BAT.

2.12.9 MAXIMUM ALLOWABLE BLOCK SIZE SUMMARIZED
Let b1, b2, b3, & b4 be the smallest number of extra blocks
(b) for each respective number of unit assignments.
b1 = 1 unlt per drive
b2 = 2 units per drive
b3 = 3 unlts per drive
b4 = 4 units per drive
then
M = the smallest element of bt,b2,b3,b4
2.12.10 MEDIA FLAW
A media flaw detected by the controller Is presented to the
system when a DIA Is Issued (read data transfer status
reglster) and the appropiate errror flag is set (each ECC
or surf/sect error). To know where the medla flaw was
detected on the 'disk disk surface, the system reads the
ending disk address from the controller (DIC). The ending
address wlll be -represented In DG's form, not the physical
address in terms of the drives cyllilnder, head, and sector.
2.12.11

VIRTUAL MAPPING SUMMARIZED

When to use: When the desired disk drive Is to be Installed
Into AOS or AOS/VS and the drive
characteristics (cylinders, heads, and sectors)
do not meet the minimum DG emulatlion
requirements, but the total number of blocks
does.

How to use: Load the BMX=3 Configurator Program and follow
Its Instructions.



2.12.12 VIRTUAL MAPPING YIELD PER DRIVE TYPE

The followlng pages contalns the resulfts of calculating the
efficlency galned by using BAT. Each page s categorlized by
manufacturer type. E=TYPE means the DG emulation chosen for
top media efficlency; the word LESS indicates that the
efficlency percentage Is less than the calculation above It.
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TABLE 2.7 Drive Types

DRIVE MANUFACTURER: CDC

I. DRIVE CHARACTERISTICS AND RDOS BLOCK SIZE

FE ¥ ¥ F F P N T T F F F r F F ' T T T T Y.
R AL R R A I R B R R R R 2 - F - F 2 ittt

| FSD 9715=340 | CDC=-XMD | | |
[ 7 T 2T R T Y
I T P T T
vsect 0 35 1 se T
UBLK SIZE | 597,240 1 1,409,028 1 1 d

FE T T T T T 2 T I 3 T T T T T T  F T T T N N T o o o o o o N N N RS
R R R R R R R 2 R R & - - - % %% %% T T

| E=TYPE | 20 I K1,K1 | | |
| EFF § | 33.4 | 41.0 | | |

I1t. 1 SYSTEM UNIT PER PHYSICAL UNIT (min blk size = 97,800)

o o o R T o s = or = o mn o e S e mn e e Se Se SS En Sm SR me Se S m S S mr me = Sm Ew Sm M e Em Se T M S e G e M S S S S e e e e e S e S r S m = s ==
R R S I 2 22 2 A S R  E - F F E R - F F E R E - T F - E F E T F F F = = 5 T T

| E-TYPE I v | K4 | | |
| EFF % | 90.8 | 83.8 | | |

e e e e e N T N e e e e e Em e S T T e e S m S m e mm mm mm mm S we mm ms S S S e mm Em mm mr Sn S S Sm S Se S S S mm S mm Sm Ev Sm e Em me S o S mm e e me S e e a=

| E-TYPE I Ki1,K1 | K4,KO0 | | |
| EFF % | 96.5 | 94.0 I | |

| E=TYPE | | | | |
| EFF % | LESS | | | |
Vi. 4 SYSTEM UNITS PER PHYSICAL UNIT (min blk size = 391,200)
| E=TYPE | | | | |
| EFF § | LESS | | | |
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DRIVE MANUFACTURER: FUJITSU

I. DRIVE CHARACTERISTICS AND RDOS BLOCK SIZE

e o T S e e e Tt ot mm s e s me e m mm S S Em Sm S S Em S Sm ST S S me am me ee e e e SE S ST Se Sm mr e S e Ee e Se A Ee S e e e = m e a
EE R R A - 2 R B R R A S S+ F F F + R R X R A R A R R & F 55

| 2294 | 2298 | 2312 | 2361 |
Pove 1 toz4 1 1024 1 ses 1 saz |
R T T
Useet 0 351 100 s 1 70 1
IBLK SIZE | 573,440 | 1,146,880 | 144,305 | 1,178,800 1

Il. AOS CAPACITY WITHOUT VIRTUAL MAPPING

F T T T 3 3 3 7 3 3t T T T T T T T T T T E T N o o o O N O R R R R R R R R R R
Rl R R R 2 S R R R R R R S R S S R R X R R T

| E=TYPE | K1 | K1,K1 I NA | v,V |
| EFF % | 50.2 | 50.2 | 0 | |

I1l. 1 SYSTEM UNIT PER PHYSICAL UNIT (min blk size = 97,800)

- e e me = o mm em em m mm me me mm S Sr Sm S m = Sm S Em mm e mw mm Ee Se S S S Ee em S S S S S Ee Em En S e o S S S S e e S S e S S e e S S e Ew Ee Er me m S e s
X222 2ttt -t E - E E E E E F E E - E T E E E P E T - - E E A E R E F F E - F F F E T T T X X T X E

| E=-TYPE | v | v | KO | K4 |
| EFF § | 94.5 | 47.2 | 99.8 | 100.0 |

e T — - - o e s e e s o mm mm mm Sm me Ee Ee e e e e Ee S me ET Sm e mr ms mw S Em S S S e mm o= ==
222 ittt - - E F E F E E E F F -  E  E E - - E - E - F F E E = E E F E F E R R R i

| E=-TYPE | 20,21 | v,V | | |
| EFF % I 97.5 | 94.5 | | |

T T T T T T T F T r N I I ™M rrr T rrr T T r T T T T rrrrrrErTrTsTE
22 2 - Tt s 2t T -t - - R - - R s R E S E - R R R R R R R R R R R R R RS AR B Erri

| E=-TYPE " 21,27,727 | 21,21,21 | | |
| EFF § I 98.9 | 97.2 | | |

S I o o e S e e e e e ST S S ST SS Sn S S e e e o e Sn S S S Sn Sm Sm S Ss Sn me S e S ST SS SR S Tm mn mm s s e e S m Sm mr S e S S S S e S S S = e e =
R R A 2 & R R R RN R 2 SRR R 2R R R Rt Rt E TS iRt arad

| E=TYPE | Z0,20,20,Z7 | 20,20,Z1,Z1 | I I
| EFF ¢ I 99.5 I 97.5 I I o



2-38

DRIVE MANUFACTURER: NEC

l. DRIVE CHARACTERISTICS AND RDOS BLOCK SIZE

T T T T L F et e e S mm S mn S Sm tm e mm e e S S e Tw Sr S S tm Ee M am S A Ee mm me Se S S e S S e o e =
EE R R IR At  E E R R R R R A R R S S R R R R R R R S & R F 5 & & ¥

| 2247E | 2257 | 2300 | |
lee 1 1024 1 1024 1 760 &
two 1 s 0 e e T
Vsect 1 ss 1 35 0 e 1 B
UBLK SIZE | 179,200 | 286,720 1 909,720 1 1

Il. AOS CAPACITY WITHOUT VIRTUAL MAPPING

N O N O o F B B B O o B B o R T o
R R R R R R R S A - s - - - & & T F % ¥

| E=-TYPE | KO | KO | 20,20 | |
| EFF % I 80.4 | 50.2 | 41.2 | |

I1l. 1 SYSTEM UNIT PER PHYSICAL UNIT (min blk slze = 97,800)

e om mm o En ST mm mm ST e S S e S e mm S S S S Sn S mw S S e Se e e Ee S Sm e S S S Se Sm Se S Sw En e e G S S e T e e e me S e T T Ty
S PR S S Sttt s t R A s E - F E A E E F E T E 2 E E F E E - E E X E E T E - E E X F E X R X T T

| E=-TYPE | KO | Z0 | v | |
| EFF § | 80.4 | 65.4 | 59.6 | |

T T T 3 T 1 3 T T T T o o o o N O R R R R R R R
R R AR R RS X 2 2 2 2 - s - - - T - T 5t EEE

| E-TYPE | | 20,27 | 21,21 | |
| EFF § I | 99.5 | 63.3 | |

V. 3 SYSTEM UNITS PER PHYSICAL UNIT (min blk size = 293,400)

e T T T N Y Ty - == = e e e T s e ms o ST ms v s e mm e ms S Am ms s mm Em e s me S Es S m= mm = am =
EX R R A 2 2 2 2 2 2 R R R R R R AR T - - A F - T T - T T - T X &% T

| E=TYPE | | | z1,21,27 | [
| EFF % I I [ 92.5 I ' I

Vi. 4 SYSTEM UNITS PER PHYSICAL UNIT (min blk slze = 391,200)

F T 3 3 T 2 T T T T T F T T T T T T T T T T T T o O o R R R R R R R R R R R
RS A R 2 2 - R R 2 R R 2 S S 2 S - 2t F I E 5T E

| E=-TYPE I | | 20,20,21,27 | |
| EFF § | | | 92.8 | |



DRIVE MANUFACTURER: PRIAM

l. DRIVE CHARACTERISTICS AND RDOS BLOCK SIZE

e ¥ 3 o e e T T N T T o R R o o R R .
R R R R R RS 2 R R B R R R A R ittt

| 7050 I 6650 I 15450 I |
Vo 1 toss 1 to2e 1 uzr 1
[ R |
Usect 1 231 s 0 s T
IBLK SIZE | 120,635 1| 107,520 | 274,645 @ i

Il. A0S CAPACITY WITHOUT VIRTUAL MAPPING

T T T T N T N N T T o o N R
R R R R S S A R R R 2 & R 2 R s S F 2 2 & 5+ &+ 2 F T T x5t

| E=TYPE | NA | NA | KO | |
| EFF § | 0 | 0 | 52.4 | |

I1l. 1 SYSTEM UNIT PER PHYSICAL UNIT (min blk size = 97,800)

e e mm Sw S ST S ew ms mm e Sw S Em S S Sn S mn S St me S S Em mm S e S me Em me Do Er ST Sn S mr S mr E e e e S S S S S Sm S e e e G S S Se S Ee me e e e e ae = =
R R R RS R - R 2 2 2 s 2 R R R R S - A R T - - - ]

| E=-TYPE | 27 | Z7 | 20 | |
| EFF % | 81.1 I 91.0 I 68.2 | |

IV. 2 SYSTEM UNITS PER PHYSICAL UNIT (min blk size = 195,600)

| E=-TYPE | | | 27,77 | |
| EFF § | | | 71.2 | |

V. 3 SYSTEM UNITS PER PHYSICAL UNIT (min blk size = 293,400)

e o e e mm S e Em e me mm s e S = e Em S am s m Ee S S S S e e e S S me Sm Sr me e A S Ee S e S = e mm e e e o e o e e e e et E me me mm = = = am m= ae
B A L 2 R 2 - S R - R A 2 T R E R R E T E T F T

| E=-TYPE | | I | |
| EFF § | | | | |

Vi. 4 SYSTEM UNITS PER PHYSICAL UNIT (min blk slize = 391,200)

o mm me mm mw S me = s e e o s e S me S Sm S e S Sm S S S Sv me S Sn e S Se mm Em Em Sm mr Er Sm Ss S S S S Ee Sm e S = S s S S S S e S Sm A e We S m me Se S S m e e =
EE RS A R R R R R R R R R R 2 R R R AR R E R Rttt EiR i

2=39



2-40

DRIVE MANUFACTURER: TECSTOR

I. DRIVE CHARACTERISTICS AND RDOS BLOCK SIZE

X X ¥ N N O Y Ty T T T T P T T I N I T T T T N T I T T T T I T T T TN
EE R AR R+ R 2 2 2 2 2 R R 2 8 F F R R F R R R R R Rt

e T T T T T T T T T T T O T T T T Tre - e mr we me o e S S Se Sm St ST Em St mm me Em R e Sy a e s mm mm = e o
e S S T S S S S S S S S S ST S S SSCS s ECsCsCET S S ST S ESCS S oS-SS E=========

| HD I 12 | 12 | | |

| SECT | 35 | 35 | | |

| BLK SIZE | 294,000 | 345,660 | | |

X X X T 1 T T T T T T T T T N o o o O R R R R
R R R R AR R R R R X L s - - - X T ¢+ 2 % % % % %t

| E=TYPE | NA | K1 | | |

| EFF % | 0 | 83.3 | | |

Iil. 1 SYSTEM UNIT PER PHYSICAL UNIT (min blk size = 97,800)

e mm em me me es mm mm S e e Em Sn Se S S S S Se ST ST S S e e e Sw Se S Ee Se Se ST Sn Sm SR SR S S S S S S S S e S S S Sm S S S e mr e Se Sn Ss S e mw Se S Se S S me we =
X X 2 S 2R R R R R A R R RSS2 Tt - - s s - - - - - - R E T E T R T R R E - T T

| E=-TYPE I K1 | K1 | | |

| EFF § | 98.0 | 83.3 | | |

T o o o o o o i o e ST e S e e Tm mm e Sm Em me e Em mn m m S e e es En Ee S S S s e me Em S S S S e S S M S S e e e S S e e v e e em Se e am Ee e e
RS A R R R R R R R A R & 2 2 2 R S R R R R R R R R R A 2%

| EFF % | LESS | LESS | | |

V. 3 SYSTEM UNITS PER PHYSICAL UNIT (min blk size = 293,400)

| E-TYPE \27,27,27 | 27,727,217 | | |
| EFF % I 98.8 | 84.9 | | I

Vi. 4 SYSTEM UNITS PER PHYSICAL UNIT (min blk size = 391,200)

o o e e T e T e e S S Em Sm S S S S ST e e S S ST AT Er S S e S m S e Sm Ee Sm Sm Sm S SR S Sn mr Sm Er S Er S S G S S Ee Sr e S e he e me e S e S e e
R A 2 2 & 2 R 2 R 2 R R R R 2 R R R R SRS 2 R R R R R R R RS T



DRIVE MANUFACTURER: AMPEX

Il. DRIVE CHARACTERISTICS AND RDOS BLOCK SIZE

Y T T L T s - ew em ms mr em e e m am o e e e = kR R 