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1.0 SCOPE

This Specification provides the mechanical, electrical, and
functional requirements for a small computer input/output bus and

command sets for peripheral device types commonly used with small
computers.

The CDC SCSI implementation includes support for multiple
initiators, disconnect/reconnect function, self-configquring host
software, and automatic features that relieve the host from
knowing the physical addressing of a specific product.

The mandatory commands listed here will be required on every CDC
product offered as compatible with this specification. This set of
commands is chosen so customer software that uses only those
commands will maximize functionality while allowing many
interchangeable products to be used. Future revisions of this
specification will never delete commands or messages from the
mandatory list, but new commands or messages may become mandatory
on future products.

i,
]

Optional commands listed here are not guaranteed to be available on
all CDC products.

Some products may use commands not documented here. As such
instances occur, the CDC SCSI Committee will include those
commands as “"optional" so that implementation guidelines will be
available if other new products want that function.

The commands described in this specification conform to the
requirements of the Common Command Set (CCS) document, Rev. 4.

—

2.0 APPLICABLE DOCUMENTS

m ANSI SCSI Standard X3TS.2

-A8314 REY. /83 C2C Srrteg v
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3.0 GLOSSARY AND CONVENTICHNS
3.1 Glossary
Byte - This term indicates‘an 8-bit (octet) byte-

Command Descriptor Block (CDB) - The structure used to communicate
requests from an initiator to a target.

Connect - The function that occurs when an initiator selects a
target to start an operation.

Disconnect - The function that occurs when a target releases
control of the SCSI bus, allowing it to go to the BUS FREE phase.

FRU (Field Replaceable Unit) - An assembly that is believed faulty
based on test results. A value of O0O0OH indicates either an unknown
cause or the end of a list of known possible causes. Non-zero
values have product unique meanings.

Initiator - An SCSI device (usually a host system) that requests an
operation to be performed by another SCSI device.

INTERMEDIATE Status - A status code sent from a target to an
initiator upon completion of each command in a set of linked
commands except the last command in the set.

Logical Unit - A physical or virtual device ‘addressable through a
target.

Logical Unit Number - An encoded three-bit identifier for the
logical unit.

LSB - Least significant byte.
LUN - Logical unit number.

mm - Millimeter.

ms - Millisecond.

MSB - Most significant byte. !
ns - Nanosecond.

One -~ A true signal value.

Reconnect - The function that occurs when a target selects an AN
initiator to continue an operation after a disconnect. N

a6918 AEV. /83 COC Innteg i US



@@ MACNETIC PERJPHERALS INC.

ENGlNEERING SPEC 64721700

AConrot Data Company CD 9

SPECIFICATION REV

DATE
PAGE 7

TWIN CITIES DISK DIVISION

Reserved - The term used for bits, bytes, fields, and code values
that are set aside for future standardization.

SCS1 Address - The octal representation of the unique address (0-7)

- assigned to an SCSI device. This address would normally be

assigned and set in the SCSI device during system installation.

SCSI ID - The bit-significant representation of the SCSI address
referring to one of the signal lines DB(7-0).

SCSI device - A host computer adapter or a pe:iphéral controller or
an intelligent peripheral that can be attached to the SCSI bus.

Signal Assertion - The act of driving a signal to the true state.

Signal Negation - The act of driving a signal to the false state or
allowing the cable terminators to bias the signal to the false
state (by placing the driver in the high impedance condition}.

Signal Release - The act of allowing the cable terminators to bias
the signal to the false state (by placing the driver in the high
impedance condition).

Status - One byte of information sent from a target to an initiator
upon completion of each command.

Target - An SCSI device that performs an cperation requested by an
initiator.

us - Microsecond.

Vendor Unique - In this specification, this term indicates bits,
fields, or code values that are vendor specific.

xxH - Numbers followed by capital H are hexadecimal values. All
other numbers are decimal values.

Zero - A false signal value.
Editorial Conventions

Certain words and terms used in this specification have a specific
meaning beyond the normal English meaning. These words and terms
are defined either in the glossary (see 3.1) or in the text where
they first appear (e.g., initiator). Names of signals, phases,
conditions, messages, commands, statuses, and sense keys are in all
uppercase (e.g., REQUEST SENSE). Lowercase is used for words
having the normal English meaning.

AG91s A8V 233 CTC

Demtea ~ U C
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A box (m) in the left margin indicates a difference between this
specification and the ANSI SCSI Standard Rev 17B. A double box
preceding a figure title indicates that an entirely new figure

or paragraph was added. A vertical line (|) in the left margin
indicates a change from the previous revision of this specification.

4.0 PHYSICAL CHARACTERISTICS

~This section contains the physical definition of the SCSI. The
connectors, cables, signals, terminators, and bus timing needed to
implement SCSI are covered.

4.1 Physical Description
: 2
SCSI devices are daisy-chained together using a common cable. Both
ends of the cable are terminated. All signals are common between
m all SCSI devices. Four physical configurations are available:
a e Single-ended drivers and receivers with non-shielded connectors.
= o Single-ended drivers and receivers with shielded connectors. i

‘'m @ Differential drivers and receivers with non-shielded connectors.

a e Differential drivers and receivers with shielded connectors.

m Single-ended and differential drivers/receivers cannot be mixed on
m a common SCSI bus. CDC intends to provide single-ended

m drivers/receivers on all products with a differential option

m offered as required by the marketplace.

4.2 Cable Requirements

An ideal impedance match with cable terminators implies a cable
characteristic impedance of 132 ohms (single-ended option) or 122
ohms (differential option). A characteristic impedance of 90 to
100 ohms is recommended for unshielded flat or twisted pair ribbon
cable. A characteristic impedance greater than 90 ohms is
preferred for shielded cables. To minimize discontinuities and
signal reflections, cables of different impedances should not be
used in the same bus. If shielded and unshielded cables are mixed
within the same SCSI bus, the effect of impedance mismatch must be
carefully considered.

A ninimum conductor size of 28 AWG shall be employed to minimize

noise effects and ensure proper distribution of optional terminator
power. A

A491¢ Aty U8y ID0C . Sremtan ~ %
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4.2.1 Single-Ended Cable

A 50-conductor flat cable or 25-signal twisted-pair cable shall be
used. The maximum cable length shall be 6.0 meters.

A stub length of no more than 0.l meters is allowed off the
mainline interconnection within any connected egquipment.

SCSI bus termination may be internal to the SCSI devices that are
at the ends of the cable.

4.2.2 Differential Cable

A 50-conductor cable or 25-signal twisted-pair cable shall be
used. The maximum cable length shall be 25 meters.

A stub length of no more than 0.2 meters is allowed off the
mainline interconnection within any connected equipment.

SCSI bug termination may be internal to the SCSI devices that are
at the ends of the cable.

. {“ 4.3 Connector Requirements

Both shielded and nonshielded connectors are specified. The
nonshielded connectors are typically used for in-cabinet
applications. CDC products designed to meet FPCC Standards as a
standalone box will use shielded connectors.

Either type of connector may be used with the 51ngle ended or
differential drivers.

4,3.1 Nonshielded Connectors

(
A\,

The nonshielded SCSI device connector (Figure 4-1) shall be a
50-conductor connector consisting of two rows of 25 male pins with
adjacent pins 2.54 mm (.1 inch) apart. A shroud and header body
should be used. The header must accept Keyed cable connectors.

The nonshielded cable connector (Figure 4-2) shall be a
50-conductor connector consisting of two rows of 25 female contacts
with adjacent contacts 2.54 mm (.1 inch) apart. It is recommended
that keyed connectors be used. '

The ‘unshielded connector pin assignments shall be as shown in Table
4-~1 for single ended drivers and as shown in Table 4-2 for
differential drivers.

48914 HEV. /83 CDC . Semieg o U3
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4.3.2 Shielded Connectors
| m« NOTE: This text is from Appendix D of the ANSI SCSI Standard.

The connector shielding system shall provide a dc resistance of
less than 10 milliohms from the cable shield at its termination
point to the SCSI device enclosure.

In order to support daisy-chain connections, SCSI devices that use
shielded connectors will provide two shielded device connectors on
the device enclcecsure. These two connectors may be wired
"one-to-one" with a stub to the SCSI device's drivers and receivers
pcovided the maximum stub length is not violated. Alternatively.
two cables may be run from the two shielded connectors to the
drivers and receivers so that the maximum stub length is not
violated. The length of the cable within the device enclosure is
included when calculating the total cable length of the SCSI bus.

The shielded device connector (Figure 4-4) shall be a SO-conductor
connector consisting of two rows of ribbon contacts spaced 2.16 mm
(0.085 inch) apart. The nonmating portion of the connector is
shown for referance only. FCC document 68 Subpart F 68.500 should
be used for reference.

The shielded cable connector (Figure 4-3) shall be a 50-conductor
connector consisting of two rows of ribbon contacts spaced 2.16 mm

| (0.085 inch) apart. The nonmating portion of the connector is
shown for reference only.

| The connector pin assignments shall be as shown in Table 4-3 for

! single~-ended drivers and as shown in Tabla 4-4 for differential
drivers.

A6918 REV. /83 CDC Printag i 1
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HEADER (RECOMMENTED)
szcTien X=X
DIMENSIONS MILLIMETERS INCHES
D1 2.54 0.100
D2* 82.30 3.260 &8034A
D3 2.34 0.100
D4 4.83 0.190
Ds=* 8.51 0.335
Déex* 72.64 2.860
D7* 78.74 3.100
D8* 13.94 0.549
Do 4.19 0.165
D10 6.09 0.240
D1l 6.60 0.260
NOTES:
;(!‘ 1. Fifty Contacts on 2.54 mm (0.100-inch) spacing = 60.96 mm (2.4C inch).
\ 2. Tolerances =0.127 mm (0.005 inch) noncumulative.

3. Dimensions listed with asterisks (*) are shown for reference only.

FIGURE 4-1. MNCNSHIELDED SCSI DEVICE CCNNECTOR
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DIMENSIONS MILLIMETERS INCHES DIMENSIONS MILLIME

Cl 2.5400 0.100 clo= 3.8100
c2 60.9600 2.400 cll~» 1.2700
Cc3 2.5400 0.100 clz« 6.0960
ca 8.3570 0.329 Cl3 32.3850
Ccs 3.3025 0.130 Ciq 3.3020
cs 68.0720 2.680 Cls 7.4930
c7 6.0960 - 0.240 Cls6 2.6670
cg» 8.1530 0.321 cl7 1.6250
Ccox* 13.4870 - 0.5831 ‘
NOTES:

1. Fifty contacts on 1.27 mm (0.05-inch)* staggered
(2.450 inch)=>.

2. Tolerances =0.127 mm (0.005 inch) noncumulatlve.

3. Dimensions listed with asterisks (*) are shown fo

FIGURE 4-2. NONSHIELDED CABLE CONNECT

Ag914 AEY. /83 CDC

TERS INCHES
0.150
0.050
0. 240
1.275
0.130
0.295
0.105
0.064

spacing = 62.23 mw;

r reference only.
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‘ PIN 26 PIN =C
' e 10
Dimensions Millimeters Inches
Fl 56.25 Maximum 2.215 Maximum
Fe 64.29 Minimum 2.331 Minimun
F3= 1S.24 0.830
Fé 7.29 HMinimum  0.287 Minimum
FSu 1.02 0.04Q
Fé 4.09 Maximum 0161 Maxtmum
7a s.08 8.200
F8= 6.10 g.240
F9 12.04 Minimum  0.47 4 Minimum
Fi0m 68.45 2.6938
Fll 1S¥s 2° 133 s 2¢
Fi2w 76.71 3.020
F13 2.16 0.08S
NOTES:

F3S

CcD 9
REV
DATE
PAGE 13
Fe
i
F3
—
F6

|
7
—

' \
v Ty

FI3 =

agdua

1. Tolerances =0.127 mm (0.005 inch) noncumulative, unless specified
otherwise.

2. Dimensions listed with asterisks (*) are shown for reference only.

FIGURE 4-3.

\AB914 REY. /83 CTC

SHIELDED SCSI CABLE CCNNECTOR, ALTERNATIVE 2
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PIN S0 —/

PIN 25 \
£

N
7

/

Dimensions Millimeters

Inches

£l $6.3%
£2 (3 2.2
£3 3.99
£é 5.84
£3S 74.85
£6 §4.29
E7x= 83.06
£g8xw 13.24

£9  12.04

£i0 9,78
g1l 2.8
£12

Minlimum
Minimum
Mliaimum
Minimum

Maximum

Maximum
Maximum

1S3 2¢

2.220 Minimum
0.103 HMinimum
0157 Minimum
0.230 Minimum
2.947
2.531 Maximum
3.270
0.600
0.47 4 Maximum
0.2385 Maximum
0.083

1S* = 2¢

NOTES:
Tolerances =0.127 mm (0.005 inch) noncumulative, unless specified
otherwise. ; l
Dimensions listed with asterisks (*) are shown for reference onlW &~/
6-32 threaded screws.

\Ag914 AEV. 783 CDC

1.

2.
3.

Dimension E2 to accomocdate 4-40 or

FIGURE 4-4.

£12

3]

805A

SHIELDED SCSI DEVICE CONNECTCR, ALTERNATIVE 2
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TABLE 4-1 SINGLE-ENDED CABLE PIN ASSIGNMENTS
(NONSHIELDED ALTERNATIVE 1 CONNECTOR)

SIGNAL PIN NUMBER
-DB(0) 2
-DB(1) 4
-DB(2) 6
-DB(3) 8
-DB(4) .10
~DB(5) 12 .
-DB(6) 14
-DB(7) 16
~DB(P) 18
GROUND 20
GROUND 22
GROUND 24
TERMPWR 26
GROUND 28
GROUND 30

;l' ~ATN 32

! GROUND 34
~-BSY 36
-ACK 38
-RST 40
~MSG 42
-SEL a4
-C/D a6
-REQ a8
-1/0 50

NCTES:

1. All odd pins except pin 25 shall be connected to ground. Pin 25
should be left open. Some products designed prior to the generation
of this standard connected this pin to ground.

2. The minus sign next to the signals indicates active low.

A8914 EY. /83 COC Srnteg n S
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TABLE 4-~2 DIFFERENTIAL CABLE PIN ASSIGNMENTS
(NONSHIELDED ALTERNATIVE 1 CONNECTOR)

SIGNAL NAME

SHIELD GROUND
+DB(0)
+DB(1)
+DB(2)
+DB(3)
+DB(4) "
+DB(5)
+DB(6)
+DB(7)
+DB(P)
DIFFSENS
GROUND
TERMPWR
GROUND
+ATN
GROUND
+BSY
+ACX
+RST
+MSG
+SEL
+C/D
+REQ
+1/0
GRCUND

PIN NUMBER

1 2

3 4

5 6

7 8

9 10
11 12
13 14
15 16
17 18
19 + 20
21 22
23 24
-25° 26
27 28
29 30
31 32
33 34
38 36
37 38
39 40
41 . 42
43 44
45 46
47 48
49 50

1. SHIELD GROUND is optional on some cables.

SIGNAL NAME

GR(CUND
-Dis(0)
-DB(1L)
-DB(2)
-DB(3)
-DB(4)
-DB(5)
-DB(86)
-DB(7)
-DB(P)
GROUND
GROUND
TERMPWR
GROUND
-ATN
GROUND
-BSY
-ACX
-RST
-¥MSG
-SEL
-C/D
-REQ
-1/0
GROUND

Printeq i 1y
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| TABLE 4-3 SINGLE-ENDED CABLE PIN ASSIGNMENTS
(SHIELDED ALTERNATIVE 2 CONNECTOR)

SIGNAL PIN NUMBER
-DB(0) 26
-DB(1) 27
-DB(2) 28
-DB(3) 29
-DB(4) 30
-DB(5) ' 31
-DB(6) 32
-DB(7) 33
-DB(P) 34
GROUND 35
GROUND 36
GROUND 37
TERMPWR 38
GROUND 39
GROUND 40
: -ATN a1
. GROUND a2
iq -BSY 43
-ACK a4
~-RST 45
-MSG 46
~SEL 47
-C/D 48
-REQ 49
-1/0 50

NOTES:

1. Pins 1 through 12 and 14 through 25 shall be connected to ground.
Pin 13 should be left open.

2. The minus sign next to the signals indicates active low.

Ag914 REY. 283 CCC Srinteg oot
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TABLE 4-4 DIFFERENTIAL CABLE PIN ASSIGNMENTS
(SHIELDED ALTERNATIVE 2 CONNECTOR)

SIGNAL NAME

SHIELD GROUND
+DB(0)
+DB(1)
+DB(2)
+DB(3)
+DB(4)
+DB(5)
+DB(6)
+DB(7)
+DB(P)
DIFFSENS
GROUND
TERMPWR
GROUND
+ATN
GROUND
+BSY
+ACX
+RST
+MSG
+SEL
+C/D
+REQ
+1/0
GROUND

PIN NUMBER
1 26
2 27
3 28
4 29
5 30
6 31
7 32
8 33
9 34
10 -~ 38
11 36
12 37
13 38
14 39
15 40
16 41
17 42
13 43
19 44
20 45
21 46
22 47
23 48
24 49
25 50

SIGNAL NAME

GROUND
-DB(0)
-DB(1)
-DB(2)
-DB(3)
-DB(4)
-DB(5)
-DB(6)
-DB(7)
-DB(P)
GROUND
GROUND
TERMPWR
GROUND
-ATN

'GROUND
-BSY
-ACK
-RST
-MsG
-SEL
-c/D
~REQ
-1/0
GROUND

Brinted 1n Y ¢
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4.4 Electrical Description

NOTE: For these measurements, SCSI bus termination is assumed to
be external to the SCSI device. An SCSI device may have the
provision for allowing optional internal termination.

4.4.1 Single-Ended Alternative

All assigned signals shall be terminated with 220 ohms to +5 volts
(nominal) and 330 ohms to grocund at each end of the cable. (See

Figure 4-5.) All signals shall use open-collector or three-state
drivers. : :

4.4.1.1 Output Characteristics

BEach signal driven by an SCSI device shall have the following
output characteristics when measured at the SCSI device's connector:

Signal assertion = 0.0 V dec to 0.4 V dc

Minimum driver output capability = 48 milliamps (sinking) at
0.5 V dc¢

q ) Signal negation = 2.5 V dec to 5.25 V dc

4.4.1.2 1Input Characteristics

Each signal received by an SCSI device shall have the following
input characteristics when measured at the SCSI device's connector:

-Signal true = 0.0 V dc to 0.8 V dc

Maximum total input load = -0.4 milliamps at 0.4 volts dc
Signal false = 2.0 V dc to 5.25 V de

Minimum input hysteresis = 0.2 V dc

agg18 AEY 83 CLC
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4.4.2 Differential Alternative

All signals consist of two lines denoted +SIGNAL and -SIGNAL. A
signal is true when +SIGNAL is more positive than -SIGNAL, and a
signal is false when -SIGNAL is more positive than +SIGNAL. All
assigned signals shall be terminated at each end of the cable as
shown in Figure 4-6.

NOTE: As an option, the DIFFSENS signal of the connector is

reserved for an active high enable for the differential drivers.
~ 1If a single-ended receiver or terminator is inadvertently

connected, this signal is grounded, disabling the drivers. (See

m Figure 4-7.) I1f this option is not implementated, this pin must be

s left open.
4.4.2.1 Output Characteristics

Each signal driven by an SCSI device shall have the following

output characteristics when measured at the SCSI device's connector:

VOL (Low-level output voltage) = 2.0 V maximum at IOL
(Low-level output current) = 55 milliamps.

VOH (High-level output voltage) = 3.0 V minimum at IOH
(High-level output current) = -55 milliamps.

VOD (Differential voltage) = 1.0 V minimum with common-mode
voltage ranges from -7 V dc to +12 V dc.

VOL and VOH shall be as measured between the output terminal and
the SCSI device's logic ground reference.

The output characteristics shall additionally conform to EIA
RS-485-1983.

4.4.2.2 1Input Characteristics

Each signal received by an SCSI device shall have the following

input characteristics when measured at the SCSI device's connector:

Il (Input current on either input) = +2.0 milliamps maximum.

NOTE: These characteristics include both receivers and passive
drivers.

This requirement shall be met with the input voltage varying
between -7 V dc and +12 V dc¢, with power on or off, and with the
hysteresis equaling 35 mv, minimum.

The input characteristics shall additionally conform to EIA
RS-485-1983.

Agp14 REV. /83 CDC
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4.4.3 Terminator Power Requirements

Single-ended SCSI devices providing terminator power (TERMPWR)
shall have the following characteristics:

VTerm = 4.0 V dc to 5.25 V dc

800 milliamps minimum source drive capability

1.0 milliamp maximum sink capability (except for the purposes
of providing power to an internal terminator) with 1.0 amp
recommended current limiting (e.g.., a fuse).

Differential SCSI devices providing termination power (TERMPWR)
shall have the following characteristics:

VTerm = 4.0 V dc to 5.2% V dc

600 milliamps minimum source drive capability

1.0 milliamp maximum sink capability (except for the purposes
of providing power to an internal terminator) with 1.0 amp
recommended current limiting (e.g., a fuse).

SCS81 devices that éupply terminator power shall do so through a
diode or similar semiconductor that prevents the backflow of power
to the SCSI device.

CDC products will not provide terminator power to the SCSI bus for
other devices. All products will be configurable to receiwve
terminator power either from the SCSI bus (pin 26) or the CDC
device's power source. CDC recommends that terminator power be
provided to the SCSI bus by a host adapter dewvice. This allows
peripheral devices to be powered down without risking loss of
terminator power.

Primary power consumption specifications for CDC products will
assume host supplied termination power. The additional power for
the terminator, if it must be supplied by the target power supbly,.
is defined in the product specifications.

Ag914 ATV 2/83 CLC
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+5 V. (nominal)

| 220 Su
-SIGNAL

3305
GROUND

FIGURE 4-5. TERMINATION FOR SINGLE-ENDED DEVICES

+5 V. (nominal)
330 SL
~SIGNAL \
150 &
+SIGNAL
, 3B
GROUND :

FIGURE 4-5. TERMINATION FOR TDIFFERENTIAL DEVICES
+5 V (MOM)

SILICTN DIODE

1K g (TVYP

ORIVER ENABLE (HIGH) Q{J

d0LA

Ty > D

FIGURE 4-7. DIFFERENTIAL DRIVER PROTECTICN CIRCUIT (OPTIONAL)
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4.5 SCSI Bus

Communication on the SCSI bus is allowed between only two SCSI
devices at any given time. There is a maximum of eight SCSI
devices. Each SCSI device has an SCSI ID bit assigned as shown in

@ Figure 4-8. These devices can be any combination of initiators and
m targets. :

When two SCSI devices communicate on the SCSI bus, one acts as an
initiator and the other acts as a target. The initiator originates
an operation and the target performs the operation. CDC SCSI

m devices will always function as a target, but some CDC devices

m may be able to assume the initiator role also.

@ An initiator may address up to eight peripheral devices (referred
@ to as logical units) that are connected to a target. Three sample
system configurations are shown in Figure 4-9.

@ Bus functions are assigned to initiator or target as shown in
@ Table 4-4.

Information transfers on the DATA BUS are asynchronous and follow a
J‘ defined REQ/ACK handshake protocol. One byte of information may be
m transferred with each handshake. All CDC products will support
asyncronous transfers and some may also support syncronous
® transfers.

DB(7) DB(6) DB(5) DB(4) DB(3) DB(2) DB(l) DB(0) <-- DATA BUS
| ! l

| SCSI ID = 0
!

I
l .
| SCSI ID = 1
|
|

—— ——— — — i — — o——

|
SCSI ID = 3

!
|
I
|
l
|
}
| SCSI 1D = 4
I

s

I
l
i
i
l
|
I
|
!
|

CS1I ID = 5

|
|
l
I
I
|
|
l
!
l
|
|
} SCSI ID = 6
S

CSI ID = 7

FIGURE 4-8. SCSI ID BITS
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| ] SCSI BUS | |
| COMPUTER| /1\ |¢==cmmemmmee - | CONTROLLER | 1. 1
| | | | | | fooeeld |
S R B,
SINGLE INITIATOR., SINGLE TARGET
| | ] SCSI BUS ] |
%COMPUTER}LLL!& --------- T----*}CONTROLLER} I-l-l I—lmi
: | J— I
|
I —_—
| | |
4+==---| CONTROLLER | 1 1
I | | feoeed
1 J—
SINGLE INITIATOR, MULTIPLE TARGET
[ { SCSI BUS | NI
| COMPUTER| /1\ | ==t mmem e 4+-—---| CONTROLLER| 1 1
| ! | l | | | ! fooonl !
l o — p—
| |
| | | | !
| COMPUTER | /1\ | e~~+ 4+-----| CONTROLLER | 1 1
| ! | |  — | foonnl |
|- | |
| —_—
| ! -
4+-—=-=-| CONTROLLER 1 1
|  — | loe.d l
| | 1
i _
+=====| CONTROLLER|] 1 1
| O I fovodl |
| ' I I
| T } '
| COMPUTER | /1\ |¢=—memmm +=—---| CONTROLLER | 1 L
s || 1 T
V . 1 1
MULTIPLE INITIATOR, MULTIPLE TARGET yf“\
/1\ Host Adapter éﬁ{“

£2)\

Peripheral devices such as magnetic disks, tapes, printers, etc.

These devices may be embedded with the controller.

FIGURE 4-9.
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4.6 SCSI Bus Signals

C

There are a total of eighteen signals. Nine are used for control
and nine are used for data. (Data signals include the parity
signal option). These signals are described as follows:

BSY (BUSY) - An "OR-tied" signal that indicates that the bus is
being used.

SEL (SELECT) - A signal used by an initiator to select a ta:get or
by a target to reselect an initiator.

C/T (CONTROL/DATA) - A signal driven by a target that indicates
whether CONTROL or DATA information is on the DATA BUS. True
indicates CONTROL.

1/0 (INPUT/OUTPUT) - A signal driven by a target that controls the
direction of data movement on the DATA BUS with respect to an

initiator. True indicates input to the initiator. This signal is
also used to distinguish between SELECTION and RESELECTION phases.

MSG (MESSAGE) - A signal driven by a target during the MESSAGE
phase.

REQ (REQUEST) - A signal driven by a target to indicate a request
for a REQ/ACK data transfer handshake.

ACK (ACXNOWLEDGE) - A signal driven by an initiator to indicate an
acknowledgment for a REQ/ACK data transfer handsnake.

ATN (ATTENTION) - A signal d:iven by an initiator to indicate the
ATTENTION condition.

RST (RESET) - An "OR-tied" signal that indicates the RESET
condition. ‘

DB(7-0,P) (DATA BUS). Eight data-bit signals, plus a parity-bit
signal that form a DATA BUS. DB(7) is the most significant bit
and has the highest priority during the ARBITRATION phase. Bit
nunber, significance, and priority decrease downward to DB(C). A
data bit is defined as one-when the signal value is true and is
defined as zero when the signal value is false.

Data parity DB(P) is odd - The use of parity is a system option.
All CDC products will generate parity, but must include the
capability to enable/disable parity detection. Parity is not valid
during the ARBITRATION phase.

13918 2%y w83 CDC
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4.6.1 Signal Values

Signals may assume true or false values. There are two methods of
driving these signals. 1In both cases, the signal shall be actively
driven true, or asserted. In the case of OR-tied drivers, the
driver does not drive the signal to the false state., rather the
bias circuitry of the bus terminators pulls the signal false
whenever it is released by the drivers at every SCSI device. If
any driver is asserted, then the signal is true. 1In the case of
non-OR-tied drivers, the signal may be actively driven false, or
negated. 1In this standard, wherever the term negated is used, it
means that the signal may be actively driven false, or may be :
simply released (in which case the bias circuitry pulls it false),
at the option of the implementor. The advantage to actively drive
signals false is that the transition from true to false occurs more
quickly. and noise margins may be somewhat improved; this may
permit somewhat faster data transfer. '

o

4.6.2 OR-Tied Signals

The BSY and RST signals shall be OR-tied only. 1In the ordinary
operation of the bus, these signals are simultaneously driven true
by several drivers. No signals other than BSY, RST., and DB(P) are
simultaneously driven by two or more drivers, and any signal other
than BSY and RST may employ OR-tied or non-CR-tied drivers. " DB(P)
shall not be driven false during the ARBITRATION phase. There is
no operational problem in mixing OR-tied and non-OR-tied drivers on
signals other than BSY and RST.

4.6.3 Signal Sources

Table 4-4 indicates which type of SCSI device is allowed to source
each signal. All SCSI device drivers that are not active sources
shall be in the passive state. Note that the RST signal may be’
sourced by any SCSI device at any tine.

A)M4 REYV. 83 CDC Snnte oS
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TABLE 4-4 SIGNAL SOURCES
SIGNALS
c/D, 1/0,

BUS PHASE BSY SEL MSG, REQ ACX/ATN DB(7-0,P)
BUS FREE None None None None None
ARBITRATION All Winner None None SCsSI ID
SELECTION I1&T Initiator None Initiator Initiator
RESELECTION I&T Target Target Initiator Target
COMMAND Target None Target Initiator Initiator
DATA IN Target None Target Initiator Target
DATA OUT Target None Target Initiator Initiator
STATUS Target None Target Initiator Target
MESSAGE IN Target None Target Initiator Target
MESSAGE OQUT Target None Target Initiator Initiator

All:

!@ SCS1I

I&T:

The signal shall be driven by all SCSI devices that are
actively arbitrating.

A unique data bit (the SCSI ID) shall be driven by each
SCSI device that is actively arbitrating; the other seven
data bits shall be released (i.e., not driven) by this
SCSI device. The parity bit (DB(P)) may be undriven or
driven to the true state, but shall never be driven to
the false state during this phase.

The signal shall be driven by the initiator, target, or

- both, as specified in the SELECTION phase and RESELECTION

phase.

Initiator:If this signal is driven, it shall be driven only by the

None:

Winner:

Target:

AB914 2AEY Uy TUC

active initiator.

The signal shall be released: that is, not be driven bv
any SCS1 device. The bias circultry of the bus
terminators pulls the signal to the false state.

The signal shall be driven by the one SCSI device that
wins arbitration.

If the signal is driven, it shall be driven only by the
active target.
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4.7 sSCSI Bus Timing

Unless otherwise indicated, the delay-time measurements for each
SCSI device, shown in 4.7.1 through 4.7.14, shall be calculated
from signal conditions existing at that SCSI device's own SCSI bus
connection. Thus, these measurements (except cable skew delay) can
be made without considering delays in the cable.

4.7.1L Arbitration Delay (2.2 us)

The minimum time an SCSI device shall wait from asserting BSY for
arbitration until the DATA BUS can be examined to,6see if
arbitration has been won. There is noc maximum time.

4.7.2 Assertion Period (90 ns)

The minimum time that a target shall assert REQ while using
synchronous data transfers. Also, the minimum time that an
initiator shall assert ACK while using synchronous data transfers.

4.7.3 Bus Clear Delay (800 ns)

The maximum time for an SCSI device to stop driving all bus signals ﬁ .
after: "

(1) The BUS FREE phase is detected (BSY and SEL both false for a.
bus settle delay)

(2) SEL is received from anothet 8CS! device during the
ARBITRATION phase.

(3) The transition of RST to true.

NOTE: For the first condition above, the maximum time for an SCSI
device to clear the bus is 1200 ns from BSY and SEL first beconming
both false. If an SCSI device requires more than a bus settle
delay to detect BUS FREE phase, it shall clear the bus within a bus
clear delay minus the excess time. '

4.7.4 Bus Free Delay (800 ns)

The minimum time that an SCSI device shall wait from its detection

of the BUS FREE phase  (BSY and SEL both false for a bus settle !
delay) until its assertion of BSY when going to the ARBITRATION

phase.

-

4.7.5 Bus Set Delay (1.8 us)

The maximum time for an SCSI device to assert BSY and its SCSI ID
bit on the DATA BUS after it detects BUS FREE phase (BSY and SEL
both false for a bus settle delay) for the purpose of entering the
ARBITRATICN phase.

15914 BEY /83 COC ) Drmtam o« i T &
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4.7.6 Bus Settle Delay (400 ns)

The time to wait for the bus to settle after changing certain
control signals as called out in the protocol definitions.

4.7.7 Cable Skew Delay (10 ns)

The maximum difference in propagation time allowed between any two
SCSI bus signals when measured between any two SCSI devices.

4.7.8 Data Release Delay (400 ns)

The maximum time for an initiator to release the DATA BUS signals
following the transition of the 1/0 signal from false to true.

4.7.9 Deskew Delay (45 ns)

The minimum time required for deskew of certain signals.

4.7.10 Hold Time (45 ns)

The minimum time added between the assertion of REQ or ACK and the
changing of the data lines to provide hold time in the initiator or
target, respectively, while using synchronous data transfers.

4.7.11 Negation Period (90 ns)

The minimum time that a target shall negate REQ while using
synchronous data transfers. Also, the minimum time that an
initiator shall negate ACK while using synchronous data transfers.

4.7.12 Reset Hold Time (25 us)

The minimum time for which RST is asserted. There is no maximum
time.

4.7.13 Selection Abort Time (200 us)

The maximum time that a target (or initiator) shall take from its
most recent detection of being selected (or reselected) until
asserting a BSY response. This timeout is required to ensure that
a target (or initiator) does not assert BSY after a SELECTION (or
RESELECTION) phase has been aborted. This is not the selection
timeout period; see Sections 5.1.3.5 and 5.1.4.2 for a complete
description.

4.7.14 Selection Timeout Delay (250 ms, recommended)

The minimum time that an initiator (or target) should wait for a
BSY response during the SELECTION (or RESELECTION) phase before
starting the timeout procedure. WNote that this is only a
recommended time period. The specifications for the peripheral
devices shall be consulted for the actual timing requirements.

6918 AEY 2783 COC
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4.7.15 Transfer Period (set during a MESSAGE phase)

The Transfer Period specifies the minimum time allowed between the
leading edges of successive REQ pulses and of successive ACK pulses

while using synchronous data transfers. . (See Sections 5.1.5.2 and
5.5.4.). :

5.0 LOGICAL CHARACTERISTICS

5.1 SCSI Bus Phases

The SCSI architecture includes eight distinct phases:

BUS FREE phase

ARBITRATION phase

SELECTION phase

RESELECTION phase

COMMAND phase \

DATA phase \ These phases are collectively termed the
STATUS phase / information transfer phases.

MESSAGE phase /

The SCSI bus can never be in more than one phase at any given
time. Unless otherwise noted in the following descriptions,
signals that are not mentioned shall not be asserted.

CDC products will support all eight phases, but will be equally
compatible with systems that do not use ARBITRATION, RESELECTION,
and messages other than COMMAND COMPLETE message.

5.1.1 BUS FREE Phase

The BUS FREE phase is used to indicate that no SCSI device is

actively using the SCSI bus and that it is available for subsequent
users.

SCSI devices shall detact the BUS FREE phase after SEL and BSY are
both false for at least a bus settle delay.

SCSI devices shall release all SCSI bus signals within a bus clear
delay after BSY and SEL become continuously false for a. bus settle
delay. If an SCSI device requires more than a bus settle delay to
detect the BUS FREE phase then it shall release all SCSI bus
signals within a bus clear delay minus the excess time to detect
the BUS FREE phase. The total time to clear the SCSI bus shall not
exceed a bus settle delay plus a bus clear delay.

If the initiator detects the BUS FREE phase (except as a result of
a RESET condition, an ABORT message, or a BUS DEVICE RESET MESSAGE)
without first receiving a DISCONNECT or COMMAND COMPLETE message,
it shall be considered to be an error condition. 1If the target
intentionally creates this condition, the target shall:

seata RBY 3083 CD0
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Clear the current command, -if any,. fo: that initiator.
Set up REQUEST SENSE data with appropriate Sense Key and
Error Code if the LUN is known.

Whenever an initiator detects an unexpected BUS FREE,
should attempt to select and issue REQUEST SENSE
determine if the previous command was:

it
to

1.
2.

Aborted with valid REQUEST SENSE data, or
Aborted without any valid REQUEST SENSE data.

5.1.2 ARBITRATION Phase

-

The ARBITRATION phase allows one SCSI device to gain contrecl of the
SCSI bus so that it can assume the role of an initiator or tarcet.

The procedure for an SCSI device to obtain control of the SCSI bus
is as follows.

LEAAs mEU aran e

l.

The SCSI device shall first wait for the BUS FREE phase to
occur. The BUS FREE phase is detected whenever both BSY and
SEL are simultaneocusly and continuously false for a minimum
of a bus settle delay. (Implementers note: This bus settle
delay is necessary because a transmission line phenomenon
known as a "wire-OR glitch" may cause BSY to briefly appear
false, 2ven though it is being driven true.)}

The SCSI device shall wait a minimum of a bus free delay
after detection of the BUS FREE phase (i.e. after BSY and SEL
are both false for a bus settle delay) before driving any
signal.

Following the bus free delay in Step (2)., the SCSI device may
arbitrate for the SCSI bus by asserting both BSY and its own
SCSI ID, however the SCSI device shall not arbitrate (i.e.
assert BSY and its SCSI ID) if more than a bus set delay has
passed since the BUS FREE phase was last observed.
(Implementors Note: There is no maximum delay before
asserting BSY and the SCSI ID following the bus free delay in
Step (2) as long as the bus remains in the BUS FREE phase.
However, SCSI devices that delay longer than a bus settle
delay plus a bus set delay from the t}me when BSY and SEL
first beccme false may fail to participate in arbitration
when competing with faster SCSI devices.)

Do mram -
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4. After waiting at least an arbitration delay (measured from
its assertion of BSY) the SCSI device shall examine the DATA
BUS. 1If a higher priority SCSI ID bit is true on the DATA
BUS (DB(7) is the highest), then the SCSI device has lost the
arbitration and the SCSI device must release its signals and
return to Step (1l). If no higher priority SCSI ID bit is.
true on the DATA BUS, then the SCSI device has won the
arbitration and it shall assert SEL. Any other SCSI device
that is participating in the ARBITRATION phase has lost the
arbitration and shall release BSY and its SCSI ID bit within
a bus clear delay after SEL becomes true. An SCSI device
that loses arbitration may return to Step (1).

S. The SCSI device that wins arbitration shall wait at least a

bus clear delay plus a bus settle delay after asserting SEL
before changing any signals.

NOTE: The SCSI ID bit is a single bit onm the DATA BUS that
corresponds to the SCSI device's unique SCSI address. All other
seven DATA BUS bits shall be released by the SCSI device. Parity
is not valid during the ARBITRATION phase. During the ARBITRATION

phase, DB(P) may be undriven or driven to the true state, but shall
not be driven to the false state.

5.1.3 SELECTION Phase

The SELECTION phase allows an initiator to select a target for the

purpose of initiating some target function (e.g., READ or WRITE
command).

NOTE: During the SELECTICN phase the I1/0 signal shall be negated
so that this phase can be distinguished from the RESELECTION phase.

5.1.3.1 ©Non Arbitrating Systens

In systems with the ARBITRATION phase not implemented, the
initiator shall first detect the BUS FREE phase and then wait a
minimum of a bus clear delay. Then, except in certain single
initiator environments with initiators employing the single
initiator option (see 5.1.3.4), the initiator shall assert the
desired target's SCSI ID and its own initiator SCSI ID on the DATA
BUS. After two deskew delays the‘initiator shall assert SEL.

8314 3EY 213 C3C ‘ = s
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5.1.3.2 Arbitrating Systems

In systems with the ARBITRATION phase implemented, the SCSI device
that won the arbitration has both BSY and SEL asserted and has
delayed at least a bus clear delay plus a bus settle delay before
ending the ARBITRATION phase. The SCSI device that won the
arbitration becomes an initiator by releasing 1/0. Except in certain
single initiator environments with initiators employing the single
initiator option (see 5.1.3.4), the initiator shall set the DATA BUS
0 a value which is the OR of its SCSI 1D bit and the target's SCSI
ID bit. The initiator shall then wait at least two deskew delays and
release BSY. The initiator shall then wait at least a bus settle
delay before looking for a response from the target.

5.1.3.3 All Systems

In all systems, the target shall determine that it is selected when
SEL and its SCSI ID bit are true and BSY and 1/0 are false for at
least a bus settle delay. The selected target will examine the DATA
BUS in order to determine the SCSI ID of the selecting initiator
unless the initiator employed the single initiator option (see
5.1.3.4). The selected target shall then assert BSY within a
selection abort time of its most recent detection of being selected;
this is required for correct operation of the timeout procedure. In
systems with parity implemented, the target shall not respond to a
selection if bad parity is detected. Also, if more than two SCSI ID
bits are on the DATA BUS, the target shall not respond to selection.
At least two deskew delays after the initiator detects BSY is true,
it shall release SEL and may change the DATA BUS.

5.1.3.4 Single Initiator Option

Initiators that do not implement the RESELECTION phase and do not
operate in the multiple initiator environment are allowed to set cnly
the target's SCSI ID bit during the SELECTICN phase. This makes it
impossible for the target to determine the initiator's SCSI 1ID.

5.1.3.5 SELECTION Timeout Procedure

A SELECTION timeout procedure is specified for clearing the SCSI
bus. If the initiator waits a minimum of a selection timeout delay
and there has been nc BSY response from the target, then a CDC
initiator shall continue asserting SEL and shall release the DATA
BUS. 1If the initiator has not detected BSY to be true after at least
a selection abort time plus two deskew delays, the initiator shall
release SEL allowing the SCSI bus to go to the BUS FREE phase. SCSI
devices shall ensure that when responding to selection that the
selection was still valid within a selection abort time of their
assertion of BSY. Failure to comply with this requirement could
result in an improper selection (two targets connected to the same
initiator, wrong target connected to an initiator, or a target
connected to no initiator).

ARgia AEY /93 CDC * Srnte
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5.1.4 RESELECTION Phase
] RESELECTION is a phase that allows a target to reconnect to an

initiator for the purpose of continuing some operation that was
previously started by the initiator but was suspended by the target

(i.e., the target disconnected by allowing a BUS FREE phase to occur

before the operation was complete).

RESELECTICN can only be used in systems that have ARBITRATICN phase
implemented.

5.1.4.1 RESELECTION Procedure

Upon completing the ARBITRATION phase, the winning SCSI device has

both BSY and SEL asserted and has delayed at least a bus clear delay

plus a bus settle delay. The winning SCSI device becomes a target by
asserting the I/0 signal. That device shall also set the DATA BUS to
a value that is the OR of its SCSI ID bit and the initiator's SCSI ID

bit. The target shall wait at least two deskew delays and release
BSY. The target shall then wait at least a bus settle delay before
looking for a response from the initiator.

The initiator shall determine that it is reselected when SEL, 1/0.
and its SCSI ID bit are true and BSY is false for at least a bus
settle delay. The reselected initiator may examine the DATA BUS in
order to determine the SCSI ID of the reselecting target.

The reselected initiator shall then assert BSY within a selection

abort time of its most recent detection of being reselected; this is
required for correct operation of the timeout procedure. 1In systems

with parity implemented, the initiator shall not respond to a

RESELECTICN i1f bad parity is detected.  Also, the initiator shall not

respond to a RESELECTION if more than two SCSI ID bits are on the
DATA BUS.

After the target detects BSY, it shall also assert BSY and wait at
least two deskew delays and then release SEL. The target may then
change the I/0 signal and the DATA BUS. After the reselected

initiator detects SEL false, it shall release BSY. The target shall

continue asserting BSY until the target is ready to relinquish the
- SCSI bus.

NOTE: When the target is asserting BSY, a transmission line

phenomenon known as a "wire-OR glitch® may cause BSY to appear false
for up to a round-trip propagation delay following the release of BSY

by the initiator. This is the reason why the BUS FREE phase is
recognized only after both BSY and SEL are continuously false for a
minimum of a bus settle delay. Cables longer than 25 meters should
not be used even if the chosen driver, receiver, and cable provide
adequate noise margins., because they increase the duration of the

glitch and could cause SCSI devices to inadvertently detect the BUS
FREE phase.
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5.1.4.2 RESELECTION Timeout Procedure

This RESELECTION timeout procedure is specified for clearing the SCSI
bus during a RESELECTION phase. If the target waits a minimum of a
selection timeout period and there has been no BSY response

m from the initiator, then a CDC target shall continue asserting SEL
and I/0 and shall release all DATA BUS signals. 1If the target has
not detected BSY to be true after at least a selection abort time
plus two deskew delays, the target shall release SEL and I1/0 allowing
the SCSI bus to go to the BUS FREE phase. SCSI devices that respond
to RESELECTION shall ensure that the RESELECTION was still wvalid
within a selection abort time of their assertion of BSY. Failure to
comply with this requirement could result in an improper reselection
(two initiators connected to the same target or the wrong initiator
connected to a target).

If RESELECTION fails, the current command will be aborted. If an
initiator times out while waiting to be reselected, the initiator

a
]
a should attempt to select and issue REQUEST SENSE to determine if the
m previous command is:

a 1. Still in process (busy STATUS will be returned),
a 2. Aborted with wvalid REQUEST SENSE data, or
m 3. Aborted without valid REQUEST SENSE data.

5.1.%5 1Information Transfer Phases

NOTE: The COMMAND, DATA, STATUS, and MESSAGE phases are all grouped
together as the information transfer phases because they are all used
to transfer data or control information via the DATA BUS. The actual
contents of the information is beyond the scope of this section.

The C/D, 1/0, and MSG signals are used to distinguish between the
different information transfer phases. (See Table 5-1.) The target
drives these three signals and therefore controls all changes from
one phase to another. The initiator can request a MESSAGE OUT phase
by asserting ATN, while the target can cause the BUS FREEZ phase by
releasing MSG, C/D, 1/0, and BSY.

TABLE 5-1. INFORMATION TRANSFER PHASES

| SIGNAL | | ]
IMSG /D 1/0! PHASE NAME | DIRECTION OF TRANSFER COMMENT _ |
| 0O 0 ¢ | DATA OUT { 1Initiator to target \ Data |
| O 0 1| DarTa IN | Initiator from target / Phase |
| 0 1 0 | COMMAND | Initiator to target ‘ |
| O 1 1 | STATUS | Initiator from target |
( i1 o o} = | |
L 1 o 14| = | |
‘ i1 1 0 | MESSAGE CUT | 1Initiator to target \ Message |
i_1 1 1] MESSAGE IN | Initiator from target / Phase |
Key: O = False, 1 = True, * = Reserved for future standardization.

Ag914 PEY. 283 CDC Deiereg om0 3
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The information transfer phases use one or more REQ/ACX handshakes to
control the information transfer. Each REQ/ACK handshake allows the
transfer of one byte of information. During the information transfer
phases BSY shall remain true and SEL shall remain false.
Additionally, during the information transfer phases, the target
shall continuously envelope the REQ/ACX handshake(s) with C/D, 1/0,
and MSG in such a manner that these control signals are valid for a
bus settle delay before the assertion of REQ of.the first hz dshake
and remain valid until the negation of ACK at the end of the last
handshake. :

5.1.5.1 Asynchronous Information Transfecr

The target shall contr°l the direction of information transfer by
means of the I/0 signa.. When I/0 is true, information shall be

transferred from the target to the initiator. When I/0 is false,
information shall be transferred from the initiator to the target.

‘If 1/0 is true (transfer to the initiator), the t =get shall first
drive DB(7-0,P) to their desired values, delay at least one deskew
delay plus a cable skew delay, then assert REQ. DB(7-0,P) shall
remain valid until ACKX is true at the target. The initiator shall
read Di(7-0,P) after REQ is true, then signal its acceptance of the
data by asserting ACKX. When ACK becomes true at the target, the
target may change or release DB(7-0,P) and shall negate REQ. After
REQ is false the initiator shall then negate ACK. After ACK is false
the target may continue the transfer by driving DB(7-0.P) and
asserting REQ, as described above.

1f 1/0 is false (transfer to the target) the target shall request
information by asserting REQ. The initiator shall drive DB(7-0,P) to
their desired values, delay at least one deskew delay plus a cable
skew delay and assert ACK. The initiator shall continue to drive
DB(7-0,P) until REQ is false. When ACKX becomes true at the target,
the target shall read DB(7-0,P), then negate REQ. When REQ becomes
false at the initiator, the initiator may change or release DB(7-0,P)
and shall negate ACX. The target may coantinue the transfer by
asserting REQ, as described above. ‘ ’

a6918 REZY. V83 CDC Fririag a3,
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5.1.5.2 Synchronous Data Transfer (Optional)

48912 AEY. 283 COC

Synchronous data transfer is optional, and may be used only in the
data phase if previously agreed to by the initiator and target
through the message system (see SYNCHRONOUS DATA TRANSFER REQUEST
message, 5.5). The messages determine the use of synchronous mode by

both SCSI devices and establish a REQ/ACK offset and a transfer
period.

The REQ/ACK offset specifies the maximum number of REQ pulses that
can be sent by the target in advance of the number of ACX pulses
received from the initiator, ‘'establishing a pacing mechanism. If the
number of REQ pulses exceeds the number of ACK pulses by the REQ/ACK
offset, the target shall not assert REQ until the next ACK pulse is
received. A requirement for successful completion of the data phase
is that the number of ACK and REQ pulses be equal.

The target shall assert the REQ signal for a minimum of an assertion
period. The target shall wait at least the greater of a transfer
period from the last transition of REQ to true or a minimum of a
negation period from the last transition of REQ to false before
asserting the REQ signal. '

The initiator shall send one pulse on the ACK signal for each REQ
pulse received. The initiator shall assert the ACK signal for a
ninimum of an assertion period. The initiator shall wait at least
the greater of a transfer period from the last transition of ACKX to
true or for a minimum of a negation period from the last transition
cf ACK to false before asserting the ACK signal.

If 1/0 is true (transfer to the initiator), the target shall first
drive DB(7-0,P) to their desired values, wait at least one deskew
delay plus one cable skew delay, then assert REQ. DB(7-0,P) shall be
held valid for a minimum of one deskew delay plus one cable skew
delay plus one hold time after the assertion of REQ. The target
shall assert REQ for the minimum of an assertion period. The target
may then negate REQ and change or release DB(7-0,P). The initiator
shall read the value on DB(7-0,P) within one hold time of the
transition of REQ to true. The initiator shall then respond with an
ACX pulse.

If 1/0 is false (transfer to the target), the initiator shall
transfer one byte for each REQ pulse received. After receiving a REQ
pulse, the initiator shall first drive DB(7-0,P) to their desired
values, delay at least one deskew delay plus one cable skew delay,
then assert ACX. The initiator shall hold DB(7-0,P) valid for at
least one deskew delay plus one cable skew delay plus one hold time
after the assertion of ACK. The initiator shall assert ACK for a
minimum of an assertion period. The initiator shall then negate ACK
and may change or release DB(7-0,P). The target shall read the value
of DB(7-0,P) within one hold time of the transition of ACK to true.
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5.1.6 COMMAND Phase

The COMMAND phase allows the target to request command information
from the initiator.

The target shall assert the C/D signal and negate the 1/0 and MSG
signals during the REQ/ACK handshake(s) of this phase.

£§.1.7 Data Phase

The data phase is a term that encompasses both the DATA IN phase and
the DATA OUT phage.

5.1.7.1 DATA IN Phase

The DATA IN phase allows the target to request that data be sent to
the initiator from the target.

The target shall assert the 1/0 signal and negate the C/D and MSG
signals during the REQ/ACK handshake(s) of this phase.

5.1.7.2 DATA OUT Phase

The DATA OUT phase allows the target to request that data be sent
from the initiator to the target.

The target shall negate the C/D, 1I/0, and MSG signals during the
REQ/ACK handshake(s) of this phase.

5.1.8 STATUS Phase

The STATUS phase allows the target to request that status information
be sent from the target to the initiator.

The target shall assert C/D and 1/0 and negate the MSG signal during
the REQ/ACX handshake of this phase.

5.1.9 Message Phase

The message phase is a term that references either a MESSAGE IN, or a
| MESSAGE OUT phase. Multiple messages may be sent during either
| phase. The first byte transferred in either of these phases shall be
either a single-byte message or the first byte of a multiple-byte
message. Multiple-byte messages shall be wholly contained within a
single message phase. :

18914 25 U%3 COC Promes o3
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5.1.9.1 MESSAGE IN Phase

The MESSAGE IN phase allows the target to request that messages be
sent to the initiator from the target.

The target shall assert C/D, 1/0, and MSG during the REQ/ACK
handshake(s) of this phase.

5.1.9.2 MESSAGE OUT Phase

The MESSAGE OUT phase allows the target to request that message(s) be.
sent from the initiator to the target. The target may invoke this
phase at its convenience in response to the ATTENTION condition (see
5.2.1) created by the initiator.

The target shall assert C/D and MSG and negate I1/0 during the REQ/ACX
handshake(s) of this phase. The target shall handshake byte(s) in
this phase until ATN goes false, unless an error occurs (see MESSAGE
REJECT, 5.5.2).

If the target detects one or more parity error(s) on the message
byte(s) received, it may indicate its desire to retry the message(s)
by asserting REQ after detecting ATN has gone false and prior to
changing to any other phase. The initiator., upon detecting this
condition, shall resend all of the previous message byte(s) sent
during this phase. When resending more than one message byte, the
initiator shall assert ATN prior to asserting ACK on the first byte
and shall maintain ATN asserted until the last byte is sent as
described in 5.2.1. T

If the target receives all of the message byte(s) successfully (i.e.,
no parity errors), it shall indicate that it does not wish to retry
by changing to any information transfer phase other than the MESSAGE
OUT phase and transfer at least one byte. The target may alsoc
indicate that it has successfully received the message byte(s) by
changing to the BUS FREE phase (e.g., ABORT or BUS DEVICE RESET
messages). ‘ ‘

only the following combinations of messages will be accepted during
the same MESSAGE OUT transfer (and only immediately after SELECTION):

1. IDENTIFY message followed by ABORT message

2. IDENTIFY message followed by BUS DEVICE RESET message

3. IDENTIFY message followed by NO OPERATION message

4. IDENTIFY message followed by SYNCHRONOUS DATA XFER REQUEST
message.

If a target receives illegal multiple messages, it will send a
MESSAGE REJECT message and go to BUS FREE and abort any command in
process for that initiator.
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5.1.10 Signal Restrictions Between Phases

5.2

5.2.

A6914 2EV. 783 COC Annrez A

When the SCSI bus is between two information transfer phases, the
following restrictions shall apply to the SCSI bus signals:

1. The BSY, SEL, REQ, and ACKX signals shall not change.

2. The C/D, 1/0, MSG, and DATA BUS signals may change. When
switching the DATA BUS direction from out (initiator driving)
to in (target driving), the target shall delay driving the
DATA BUS by at least a data release delay plus settle delay
after asserting the 1/0 signal and the initiator shall release
the DATA BUS no later than a data release delay after the
transition of the 1/0 signal to true. When switching the DATA
BUS direction from in (target driving) to out (initiator
driving), the target shall release the DATA BUS no later than
a deskew delay after negating the I/0 signal.

3. The ATN and RST signals may change as defined under the
descriptions for the ATTENTION condition (5.2.1) and RESET
condition (5.2.2).

SCSI Bus Conditions

The SCSI bus has two asynchronous conditions: the ATTENTION
condition and the RESET condition. These conditions cause the SCSI
device to perform certain actions and can alter the phase sequence.

1 ATTENTION Condition

The ATTENTION condition allows an initiator to inform a target that
the initiator has a message ready. The target will get this
message at its convenience by performing a MESSAGE OUT phase.

The initiator creates the ATTENTION condition by asserting ATN at
any time except during the ARBITRATION or BUS FREE phases.

The initiator must assert the ATN signal before asserting ACX for
the last byte transferred in a bus phase for the ATTENTION
condition to be honored before transition to a new bus phase. An
ATN asserted later may not be honored until a later bus phase.

A CDC target will respond with MESSAGE OUT phase as follows:

1. If ATN occurs during a DATA phase, MESSAGE OUT will occur at a
logical block boundary. It may not occur until several logical
blocks after ATN is first asserted.

2. If ATN occurs during a COMMAND phase, MESSAGE OUT will occur

A
after transfer of all Command Descriptor Block bytes has been Q&,
completed. s’
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3. If ATN occurs during a STATUS phase, MESSAGE OUT will occur
after the Status byte has been acknowledged by the initiator.

4. If ATN occurs during a MESSAGE IN phase, MESSAGE OUT will occur
after the last byte of the current message has been acknowledged
by the initiator.

5. If ATN occurs during a SELECTION or RESELECTION phase, MESSAGE

OUT will occur immediately after that SELECTION or RESELECTION
phase.

The initiator shall keep ATN asserted if more than one byte is to
be transferred. The initiator may negate the ATN signal at any
time except it shall not negate the ATN signal while the ACK signal
is asserted during a MESSAGE OUT phase. Recommended practice is
that the initiator negates ATN while REQ is true and ACX is false
during the last REQ/ACKX handshake of the MESSAGE OUT phase.

5.2.2 RESET Condition

5.3

The RESET condition is used to immediately clear all SCSI devices
from the bus. This condition shall take precedence over all other
phases and conditions. Any SCS! device may create the RESET
condition by asserting RST for a minimum ¢f a reset hold time. .
During the RESET condition, the state of all SCSI bus signals other
than RST is not defined.

CDC peripheral products will not assert RESET. Host adaptor
products may assert RESET.

All SCSI devices shall release all SCSI bus signals (except RST)
within a bus clear delay of the transition ¢f RST to true. The BUS
FREE phase always follows the RESET condition.

CDC SCSI devices will implement the "hard® RESET option. Upon
detection of the RESET condition, thevy shall:

1. Clear all uncompleted commands

2. Release all SCSI1 device reservations

3. Return any SCSI device operating modes (MODE SELECT,
PREVENT/ALLCW MEDIUM REMOVAL commands, etc) to their default
conditions.

4. Activate UNIT ATTENTICN condition for all initiators.

S5CS1 Bus Phase Sequences

The order in which phases are used on the SCSI bus follows a
prescribed sequence.

In all systems, the RESET condition can abort any phase and is
always followed by the BUS FREE phase. Also, any other phase can
be followed by the BUS FREE phase.

28914 AEY. /33 COC
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5.3.1 Nonarbitrating Systems

In systems where the ARBITRATION phase is not implemented, the
allowable sequences shall be shown as in Figure 5-1. The normal
progression is from the BUS FREE phase to SELECTION, and from
'SELECTICN to one or more of the information transfer phases
(COMMAND, DATA, STATUS, or MESSAGE).

5.3.2 Arbitrating Systems

In systems where the ARBITRATION phase is implemented, the allowable
sequences si:all be as shown in Figure 5-2. The normal progression is
from the BUS FREE phase to ARBITRATION, from ARBITRATION to SELECTION
or RESELECTION, and from SELECTION or RESELECTION to one or more of
the information transfer phases (COMMAND, DATA, STATUS, or MESSAGE).

5.3.3 All Systens

There are no restrictions on the sequences between information
transfer phases. A phase type may even be followed by the same phase
type (e.g., a data phase may be followed by another data phase).

l !
| | l z +== | COMMAND or !
| BUS FREE | | SELECTION | | DATA or |
|  PHASE |emmm e -»|  PHASE | mmmm——- -| STATUS or |
| L i ‘ | | __MESSAGE PHASE |
Tt [ {
| l

— —— s oot e )

RESET CONDITICN

FIGURE 5-~-1. PHASE SEQUENCES WITHOUT ARBITRATICN

o | | ARBIT- | | SELECTION | +==] COMMAND or |

| BUS FREE | | RATION | | OR | DATA or 1

|  PHASE |-»| PHASE |----| RESELECTION|------- -| STATUS or |

i Lo l | PHASE I | _MESSAGE PHASE |
T 7 [ »

T N | I
| I P l l
P ! l
! |

RESET CONDITION

FIGURE 5-2. PHASE SEQUENCES WITH ARBITRATION
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5.4 SCSI Pointers

Consider the system shown in Figure 5-2 in which an initiator and
target communicate on the SCSI bus in order to execute a command.

| Function | | Initiator|-=weececccccanuacaaa | Target | | Function |

| originm | | Path ] SCS1 BUS | Path | | Execution|

| | | Control |e-eecemccccacnaaa- |_Control | | |
Initiator Target

FIGURE 5-3. SIMPLIFIED SCSI SYSTEM

The SCSI architecture provides for two sets of three pointers
within each initiator. The pointers reside in the initiator path
control. The first set of pointers are known as the .current (or
active) pointers. These pointers are used to represent the state
of the interface and point to the next command, data, or status
byte to be transferred between the initiator's memory and the
target. There is only one set of current pointers in each
initiator. The current pointers are used by the target currently
connected to the initiator.

The second set of pointers are known as the saved pointers. There

is one set of saved pointers for each command that is currently

active (whether or not it is currently connected). The saved
command pointer always points to the start of the command
descriptor block (see 6.2) for the current command. The saved
status pointer always points to the start of the status area for
the current .command. At the beginning of each command, the saved
data pointer points to the start of the data area. It remains at
this wvalue until the target sends a SAVE DATA POINTER message (see
5.5.2) to the initiator. 1In response to this message, the
initiator stores the value of the current data pointer into the
saved data pointer. The target may restore the current pointers to
their saved values by sending a RESTORE POINTERS message (see
§.5.2) to the initiator. The initiator moves the saved value of
each pointer into the corresponding current pointer. Whenever an
SCSI device disconnects from the bus, only the saved pointer values
are retained. The current pointer values are restored from the
saved values upon the next reconnection.

A8914 JEY. /83 COC
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5.5 Message System Specification

The message system allows communication between an initiator and
target for the purpose of physical path management.

5.5.1 Message Protocol

All SCSI devices shall implement the COMMAND CCMPLETE message.
Non-CDC products (initiators or targets) are only required to
support the COMMAND COMPLETE message. Support for any other
message will be assumed to be optional.

BEa

SCSI devices indicate their ability to accommodate more than the

COMMAND COMPLETE message by asserting or responding to the ATN

signal. The initiator indicates this in the SELECTION phase by

asserting ATN prior to the SCSI bus condition of SEL true, and BSY

false. If the target hasn't received ATN by this point, it will

assume the initiator doesn't support disconnection or messages

other than COMMAND COMPLETE. If the ATN signal is asserted later,

it will be ignored until after the next BUS FREE phase. The target
indicates its ability to accommodate more messages by responding to ,
the ATTENTION condition with the MESSAGE OUT phase after going A
through the SELECTION phase. e

| For SCSI devices that support messages other than CCMMAND COMPLETE,
2 the first message sent by the intitator after the SELECTICN phase
] shall be the IDENTIFY message. This allows the establishment of
the physical path for a particular logical unit specified by the
initiator. After the RESELECTION phase, the target's first message
shall be IDENTIFY. This allows the physical path to be
re-established for the target's specified logical unit number.
m An initiator may send the ABORT message or the BUS DEVICE RESET
message instead of the IDENTIFY message, as the first message.
Only one logical unit number shall be identified for any one
selection sequence; a second IDENTIFY message with a new logical
unit number shall not be issued before the SCSI bus has been
released (BUS FREE phase).

Whenever a physical path is established in an initiator that can
accommodate disconnection and reconnection, the initiatecr shall

ensure that the active pointers of the physical path are equal to
the saved pointers for that particular logical unit number. (An

implied restore pointers operation occurs as a result of connect or
reconnect.)
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TABLE 5-2. MESSAGE CODES

s s ot St i CAGS dramct WAL bameat S S o S — i . ot S

| CcDC CcDC
| TARGET INIT DESCRIPTION DIRECTION
| ooa M M COMMAND COMPLETE In
m | OlH/O0LH O o SYNC DATA TRANSFER REQUEST In OQut
m | OlLH/XXH O o} OTHER EXTENDED MESSAGES
m | O2H M o] SAVE DATA POINTER In
w | O3H M o) RESTORE POINTERS In
s | O04H M- M DISCONNECT ) In
m | OSH M o INITIATOR DETECTED ERROR out
m | O6H M M ABORT out
@ | O7H M M MESSAGE REJECT In  Out
a | O8H M M NO OPERATION out
@ | O09%H M M MESSAGE PARITY ERROR cut
| OAH o} o LINKED COMMAND COMPLETE In
| oBH o] o LINKED COMMAND COMPLETE W/FLAG In
s | ocH M o} BUS DEVICE RESET out
| ODH--7FH R R RESERVED CODES
;1 a | 8OH--FFH M M IDENTIFY In __ cut

The CDC INIT column applies to targets that become initiators to
exXecute certain commands (e.g. COPY or COMPARE) along with applying
@ Tto host adapter products..

Kay: {Type definitions are defined in 6.1.2)

M = Command implementation is mandatory.

O = Command implementation is optional.

R = Operation code is reserved for future standardization.

In = Target to initiator, o©Out = Initiator to target.

A6914 REY Y83 COC
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5.5.2 Messages

AACD 8 REY. /83 COC

The single byte messages (Table'S—Z)‘a:e,listed along with their
code values and their definitions.

COMMAND COMPLETE OOH (Mandatory) - This message is sent from a
target to an initiator to indicate that the execution of a command
(or series of linked commands) has terminated and that valid status
has been sent to the initiatcr. After successfully sending this
message, the target shall go to the BUS FREE phase by releasing BSY.

NOTE: The command may have been executed successfulliy or
unsuccessfully as indicated in the status.

EXTENDED MESSAGE O01lH (Optional) - This message is sent from either
the initiator or the target as the first byte of a multiple-byte
message. (See 5.5.3 for descriptions of extended messages.)

SAVE DATA POINTER 02H (Mandatory) - This message is sent from a
target to direct the initiator to save a copy of the present active
data pointer for the currently attached logical unit. (See 5.4 for
a definition of pointers.)

RESTORE POINTERS 03H (Mandatory) - This message is sent from a
target to direct the initiator to restore the most recently saved
pointers (for the currently attached logical unit) to the active
state. Pointers to the command, data, and status locations for the
logical unit shall be restored to the active pointers. Command and
status pointers shall be restored to the beginning of the present
command and status areas. The data pointer shall be restored to
the value at the beginning of the data area in the absence of a
SAVE DATA POINTER message or to the value at the point at which the
last SAVE DATA POINTER message occurred for that logical unit.

DISCONNECT 04H (Mandatory) - This message is sent from a target to
inform an initiator that the present physical path is going to be
broken (the target plans to disconnect by releasing BSY), but that
a later reconnect will be required in order to complete the current
operation. 1If the initiator detects the BUS FREE phase (other than
as a result of a1 RESET condition) without first receiving a
DISCONNECT or <CMMAND COMPLETE message, the initiator shall
consider this as a catastrophic error condition. 1If the target
intentionally creates this condition, the target shall clear the
current command. This message shall not cause the initiator to
save the data pointer. Note: 1If DISCONNECT messages are used to
break a long data transfer into two or more shorter transfers, then
a SAVE DATA POINTER will be issued .before each DISCONNECT message.
CDC products will disconnect when a substantial delay is
anticipated. The exact situations will be described in individual
product specifications. These situations may only include:

after receipt of a Command Descriptor Block or during a data
transfer.
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INITIATOR DETECTED ERROR OS5H (Mandatory) - This message is sent
from an initiator to inform a target that an error (e.g., parity
error) has occurred that does not preclude the target from retrying
the operation. Since present pointer integrity is not assured,

a2 RESTORE POINTERS message shall be sent by the target to cause

the pointers to be restored to their defined prior state.

An initiator should not issue this message unless the RESTCORE
POINTERS message is accepted by it. If the target is not sure it
can recover properly, CHECK CONDITION status will be created with

. Sense Key of ABORTED COMMAND.

ABORT 0O6H (Mandatory) - This message is sent from the initiator to
the target to clear the present operation. 1If a logical unit has
been identified, all pending data and status for the issuing
initiator from the affected logical unit shall be cleared, and the
target shall go to the BUS FREE phase. Pending data and status for
other initiators shall not be cleared. If a logical unit has not
been identified, the target shall go to the BUS FREE phase. No
status or ending message shall be sent for the operation. It is
not an error to issue this message to an logical unit that is not
currently performing an operation for the initiator.

MESSAGE REJECT O7H (Mandatory)
the initiator or target to
received was inappropriate

- This message is sent from either
indicate that the last message it
or has not been implemented.

CDC targets may optionally
message is still rejected,
original message was:

retry the original message. If the
then response will depend upon what the

ORIGINAL MESSAGE
Command Complete

RECOVERY ACTION
Go to BUS FREE state anyway.

Synchronous Request
Save Data Pointer

Restore Pointers

Disconnect

Message Reject

Linked Cmd Complete
Identify

43914 AEY /83 COC

Assume asynchronous transfers
Don't disconnect and continue
command.

Terminate command immediately
CONDITION status and HARDWARE
Sense Key.

Don't disconnect and continue
normally.
Terminate
CONDITION
Sense Xey.
Go to BUS
Go to BUS
ABORTED CMD in the Sense Key.

command immediately
status and HARDWARE

FREE phase.

FREE (catastrophic error),

and continue.
data transfer

with CHECX
ERRCR in

command
with CHECXK
ERROR in

save

Temram a
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CDC initiators may optionally retry the original message one time.

=

m 1f the message is still rejected, response will be as follows:

s ORIGINAL MESSAGE RECOVERY ACTION

m Synchronous Request Assume asynchronous transfers and continue.
m Initiator Detected Error Send Abort message and retry the command.
@ Abort Send host adapter CHECK CONDITION status
@ {to COPY command) and HARDWARE ERROR in
a Sense Key.

m Message Reject : Same response as Abort.

m No Operation " Continue on without any special action.

s Message Parity Error Same response ag Abort.

m Bus Device Reset Same response as Abort.

m Identify Same response as Abort.

In order to indicate its intentions of sending this message, the
"initiator shall assert the ATN signal prior to its release of ACK for
the REQ/ACK handshake of the message that is to be rejected. When a
target sends this message, it shall change to MESSAGE IN phase and

send this message prior to requesting additional message bytes from

the initiator. This provides an interlock so that the initiator can
determine which message is rejected. - -

m NO CPERATION O8H (Mandatory) - This message is sent from an initiator
in response to a target's request for a message when the initiator
does not currently have any other valid message to send.

MESSAGE PARITY ERROR 09H (Mandatory) - This message is sent from the
initiator to the target to indicate that one or more bytes in

the last message it received had a parity error. CDC targets that
receive this message will attempt to resend the original message

one time. If the retry attempt also results in a parity error, the
target will go to BUS FREE phase.

In order to indicate its intentions of sending this message, the
initiator shall assert the ATN signal prior to its release of ACK for
the REQ/ACX handshake of the message that has the parity error. This
provides an interlock so0 that the target can determine which message
has the parity error.

LINKED COMMAND COMPLETE OAH (Optional) - This message is sent from a
target to an initiator to indicate that the execution of a linked
command has completed and that status has been sent. The initiator

shall then set the pointers to the initial state for the next linked
command.

LINKED COMMAND CCMPLETE (WITH FLAG) OBH (Optional) - This message is

sent from a target to an initiator to indicate that the execution of .
a linked command (with the flag bit set to one) has completed and L@;,
that status has been sent. The initiator shall then set the pointers™«’
to the initial state of the next linked command. Typically this

message would be used to cause an interrupt in he initiator between
two linked commands.

a8918 JEY. /83 COC
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BUS DEVICE RESET OCH (Mandatory) - This message is sent from an
initiator to direct a target to clear all current commands on that
SCSI device. This message forces the SCSI device to an initial
state with no operations pending for any initiator. Upon
recognizing this message, the target shall go to the BUS FREE phase.

Reserved ODH to 7FH - These codes are reserved for future use.

IDENTIFY 80H to FFH (Mandatory) - These messages are sent by either
the initiator (after SELECTION phase) or the target (after
RESELECTION phase) to establish the physical path connection
between an initiator and target for a particular logical unit.

Bit 7 - This bit is always set to one to distinguish these messages
from the other messages.

Bit 6 - This bit is only set tc one by the initiator. When set to
one, it indicates that the initiator has the ability to accommodate
disconnection and reconnection. When set to zero, CDC targets will
not attempt to disconnect.

Bits S$-3 -~ Reserved.
Bits 2-0 - These bits specify a logical unit number in a target.

Only one logical unit number shall be identified for any one
selection sequence; a second IDENTIFY message with a new logical
unit number shall not be issued before the bus has been released
(BUS FREE phase).

When sent from a target to an initiator during reconnection, an
implied RESTORE POINTERS message shall be performed by the
initiator prior to completion of this message.

£ an initiator specifies an invalid LUN in the IDENTIFY message,
a CDC target will accept the IDENTIFY message but will reject the
next command. See 6§.2.2.

Ag914 AEY /83 COC
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5.5.3 Extended Messages (Optional) -
A value of O1lH in the first byte of a message indicates the
beginning of a multiple-byte extended message. The minimum number
of bytes sent for an extended message is three. The extended

message format and the extended message codes are shown in Tables
5-3 and 5-4, respectively.

TABLE 5-3. EXTENDED MESSAGE FORMAT

| _BYTE VALUE | DESCRIPTION [
|__0 014 | Extended messaqge |
1 | nH L Extended message length |
|2 ] vH | Extended message code |
|3 nH+1 | xH 4 Extended message arguments |

The extended message length specifies the length in bytes of the
extended message code plus the extended message arguments to
follow. Therefore, the total length of the message is equal to the
extended message length plus two. A value of zero for the extended %
message length indicates 256 bytes follow. _ ‘

The exfended message codes are listed in Table 5-4. The extended

message arguments are specified for the defined extended messages
in Section 5.5.4.

TABLE 5-4. EXTENDED MESSAGE CODES

CODE (vH) ) DESCRIPTION
@ 00H Reserved
01lH SYNCHRONOUS DATA TRANSFER REQUEST (Optiocnal)
) 02H--7FH Reserved
80H--FFH Resgerved

ABG14 REV /83 COC
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m 5.5.4 SYNCHRONOUS DATA TRANSFER REQUEST Message (Optional)

TABLE 5-5. SYNCHRONOUS DATA TRANSFER REQUEST

|_BYTE | VALUE DESCRIPTION |
|__ 0 1 C1lH Extended message |
(.Y | 03H | Extended message length |
|2 01H SYNCHRONQUS DATA TRANSFER REQUEST code |
|3 nH Transfer period (mH times 4 ns) i
|4 xH | REQ/ACK offset |

A pair of SYNCHRONOUS DATA TRANSFER REQUEST messages (Table 5-5)
are exchanged between an initiator and a target whenever an SCSI
device that can support synchronous data transfer recognizes that
it has not communicated with the other SCSI device since receiving
the last "hard" RESET condition or a BUS DEVICE RESET message. The
SCSI devices may also exchange messages to establish synchronous
data transfer when requested to do so. The message exchange
establishes the transfer period and the REQ/ACK offset. The
transfer period is the minimum time between leading edges of
successive REQ pulses and of successive ACK pulses.

The REQ/ACK offset is the maximum number of REQ pulses that may be
cutstanding before its corresponding ACX pulse is received at the
target. A REQ/ACKX offset value of zero shall indicate asynchronous
mode: a value of FFH shall indicate unlimited offset.

1f the initiator recognizes that negotiation is required, it
asserts ATN and, if the target implements message transfers, sends
a SYNCHRONOUS DATA TRANSFER REQUEST message indicating an REQ/ACK
offset and minimum transfer periocd. The REQ/ACK offset is chosen
to prevent initiator buffer overflows, while the minimum transfer
period is chosen to meet the data handling requirements of the
initiator. The target responds in any of the following ways:

TARGET RESPONSE IMPLIED AGREEMENT
1. REQ/ACK offset less than or equal REQ/ACX offset equal to
to the requested value. target wvalue.

Minimum transfer period equal to Minimum transfer period
or greater than requested period. equal to the target value.

2. REQ/ACK offset equal to zero. Asynchronous transfer.
3. MESSAGE REJECT. Asynchronous transfer.

CDC targets will never send SYNCHRONOUS DATA TRANSFER REQUEST
message unless an initiator sends this message to the target first.

aggia qey. 83 COC
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The implied agreement shall remain in effect until a BUS DEVICE
RESET message is received, until a “"hard" RESET condition occurs,
or until one of the two SCSI devices elects to modify the
agreement. Renegotiation at every selection is not recommended,
since a significant performance impact is likely. The default mode
of data transfer is asynchronous moede. The default mode is entered
at power on, after a BUS DEVICE RESET message, or after a "“"hard®“
RESET condition. The SYNCHRONOUS DATA TRANSFER REQUEST message
exchange can only take place following a SELECTION phase that
includes the SCSI IDs for both the initiator and the target.
Violation of this rule may make data transfer impossible owing to
disagreements among SCSI devices about the data transfer mode.

o i o 0 S aims AT S o—— oo

6.0 SCSI COMMANDS

This section defines the SCSI command structure and gives several
examples. : _

The command definitions assume a data structure providing the
appearance at the interface of a contiguous set of logical blocks
of a fixed or explicitly defined data length.  The SCSI device maps
the physical characteristics of the attached peripheral devices to
one of several logical structures defined by the device type code.

A single command may transfer one or more logical blocks of data.
Multiple commands may be linked if they are sent to the sanme
logical unit. A target may disconnect from the SCSI bus to allow
activity by other SCSI devices while a logical unit is being
prepared to transfer data.

Upon command completion (successful or unsuccessful), the target
returns a status byte to the initiatozr. ¢Since most error and
exception conditions cannot be adequately described with a single
status byte, one status code, CHECX CCNDITION, indicates that
additional information is available. The initiator may issue a
REQUEST SENSE command to retrieve this additional information.

By keeping to a minimum the functions essential to communicate via
this protocol, a wide range of peripheral devices of varying
capability can operate in the same environment.

6.1 Command Implementation Requirements

The first byte of any SCSI command shall contain an operation ccde
as defined in this document. Three bits (bits 7 - 5) of the second
byte of each SCSI command specify the logical unit if it is not

specified using the IDENTIFY message (see 5.5.2). The last byte of
all SCSI commands shall contain a control byte as defined in 6.2.6. £

A8914 AEY. /83 CDC ’ Primte,
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ﬂ- 6.1.1 Reserved

Reserved bits, bytes, fields, and code values are set aside for
future standardization. Their use and interpretation will be
specified by future extensions to this specification. A reserved
bit, field, or byte shall be set to zero, or in accordance with a
future extension to this specification. A target that receives a
reserved code value shall terminate the command with a CHECX
CONDITION status and, if extended sense is implemented, the Sense
Key shall be set to ILLEGAL REQUEST. 1t shall also be acceptable
for a target to interpret the bit, field, byte, or code value in
accordance with a future extention to this specification.

6.1.2 Operation Code Types

OPERATION
CODE TYPE DESCRIPTION

M Mandatory - All CDC SCSI products will implement these
commands. No other commands must be required for proper
/@, = operatioen.

(o] : Optionai - Commands so designated, if implemented, shall
be implemented as defined in this specification. They
= are not guaranteed to be available on all CDC products.

v Vendor unique - Operation codes so designated are
available for product defined commands. See the product
specification for descriptions. Caution: these

@ commands will not be standardized for different products.

R Reserved - Operation codes so designated shall not be
used. They are reserved for future standardization.

6.1.3 Unit Attention Ccndition

A Unit Attention Condition shall begin (after the device becomes
ready) for each initiator whenever the remowvable medium may have
been changed, the target has been reset (by a BUS DEVICE RESET
message or a "hard" RESET condition), or one or more MODE SELECT
parameters affecting this initiator were changed by another
initiator. The Unit Attention condition shall persist for each
initiator until that initiator clears the condition as described in
the following paragraphs.

If an INQUIRY command is received from an initiator with a pending

, Unit Attention condition (before or after the target reports CHECX

(:vﬁ CONDITICON status), the target shall perform the INQUIRY command and
o shall not clear the Unit Attention Condition.

ARgTa IRy 7733 CTC
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If a REQUEST SENSE command is received from an initiator with a
pending Unit Attention Condition (before or after the target ,
reports CHECK CONDITION status), then the target shall discard any
pending sense data, report the UNIT ATTENTION Sense Key., and clear
the Unit Attention condition for that initiator.

If an initiator issues a command other than INQUIRY or REQUEST
SENSE while a Unit Attention Condition exists for that initiator,
the target shall not perform the command and shall report CHECK
CONDITION status. If a REQUEST SENSE is issued next, the Unit
Attention condition will be reported and cleared as noted in the
preceding paragraph. 1If another command other than REQUEST SENSE
or INQUIRY is issued instead then the target shall perform the
command and return the appropriate status. The Unit Attention
condition for that initiator is cleared and the sense data is lost.

4 Command Queuing (optional)

Targets that do not implement command gqueuing will not accept
another command, even from a different intiator, if it has a
command being processed. 1In this case, the target will allow
itself to be selected and will accept the command bytes for a new
command. It will then go to the STATUS phase and send BUSY status
back to the initiator (see section 14.0). Aafter a COMMAND COMPLETE
message and going to BUS FREE phase., the target will resume
execution of its current command. An initiator that received BUSY
status in this manner will have to resend the command later in
order to have it executed.

Command queuing can only be done for initiators that support
ARBITRATION and RESELECTION phases, send an IDENTIFY message after
SELECTICON, and allow disconnection. Initiators that don't support
these options will be handled as described in the preceeding
paragraph even though commands may be guesued for other initiators
that do meet these requirements.

CDC Targets that implement command queuing will accept one command
from each initiator for each attached Logical Unit. A target may
implement full queuing (for all 7 possible initiators) or limited
queuing (commands are queued for a few initiators and commands from
any other initiators are not queued). When commands are queued,
after the target is selected it will accept the command bytes, send
a DISCONNECT message,. go to BUS FREE phase, and continue command
execution. A BUSY status will only be returned if the command
queue is full and another command cannot be stored.

A target that implements command gqueuing for other commands may or
may not queue RESERVE commands because of the special
considerations involved with queuing these commands. See the
sections describing the RESERVE command for further details.

A8914 AEY /83 CCC
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All commands that are queued will eventually be executed in
accordance with the target's priority scheme unless a hard RESET, a
Power On Reset, or a BUS DEVICE RESET message is received. 1In
these cases, all queued commands will be cleared and no status will
be sent to the initiator.

If a target implements both command queuing and command linking
(see section 6.2.6), the target shall complete execution of all
linked commands sent by the same initiator before beginning
execution of any.queued commands for other initiators even if the
target disconnects from the SCSI bus during execution of the linked
commands. However, new commands from other initiators may still be
added to the command queue if space is available.

Command Descriptor Block

A request to a peripheral device is performed by sending a command
descriptor block to the target. For several commands, the request
is accompanied by a list of parameters sent during the DATA OUT
phase. See the specific commands for detailed information.

The command descriptor block always has an operation code as the
first byte of the command. This is followed by a logical unit
number, command parameters (if any). and a control byte.

For all commands, if there is an invalid parameter in the command
descriptor block, then the target shall terminate the command
without altering the medium.

1 Operation Code

The operation code (Table 6-1) of the command descriptor block has
a group code field and a command code field. The three-bit group
code field provides for eight groups of command codes. The
five-bit command code field provides for thirty-two command codes
in each group. Thus, a total of 256 possible operation codes
exist. Operation codes are defined in Sections 7 through 13.

The gzoup'code specifies one of the following groups:

Group O - Six-byte commands (see Table 6-2)
Group 1 - Ten-byte commands (see Table 6-3)
Group 2 -~ Reserved

Group 3 - Reserved

Group 4 - Reserved

Group 5 - Reserved

Group 6 - CDC proprietary manufacturing usage
Group 7 - Product Unique

\AB918 AEY. /83 COC
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TABLE 6-1. OPERATION CODE
| BIT | 7 | ) | ) | 4 | 3 | 2 | 1 | 0 ]
|_BYTE : ] ! l | | | | |
| . - | |
| 0o | Group Code | Command Code |
| | | |

TABLE 6-2. TYPICAL COMMAND DESCRIPTOR BLOCK FOR SIX-BYTE COMMANDS

BIT | 7 | 6 | 5 | 4 | 3 | 2 | 1 | o |
BYTE | 1 ! i ! ! ! !

9] Operation Code |
Logical Unit Number Logical Block Address(if required) (MSB)|
l
|
|
i

|
21 Logical Block Address (if reguired)
3| Logical Block Address(if reguired) (LSB)
4 |
5 |

Transfer Length (if reguired)
Control Bvte

TABLE 6-3. TYPICAL CCMMAND DESCRIPTCR BLOCX FOR TEN-BYTE CCMMANDS

4
-
~
o

5 ] 4 3 | 2 ] 1 | 0
] ] | |

Operation Code ‘

Logical Unit Number | Reserved [RelAdr
goqLcal Block Add:ess(lf regulredlgMS B)
Logical Block Address (if required)
Logical Block Address (if regui:ed)
Loglcal Block Address(if reguired) (LSB)

Reserved

Transfer Length ngfzqulneQ) (MS3)
Transfer Length (if reguired) (LSB)

Control Byte

[s2]
v U0
e
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6.2.2 Logical Unit Number

The logical unit number addresses one of up to eight physical devices
or virtual devices attached to a target. This method of addressing
is provided for systems that do not implement the IDENTIFY message.

A target that accepts an IDENTIFY message shall use the logical unit
number specified within the message. In this case, the target shall
ignore the logical unit number specified w1th1n the command
desctlpto: block..

CDC targets will reject commands which select an invalid LUN (except
REQUEST SENSE and INQUIRY) by requesting and accepting the command
bytes, then going to STATUS phase and sending CHECX CONDITION
status. Note that the LUN is sent in the LUN field of a CDB (if no
IDENTIFY message has been received for this selection) or by the LUN
field of an IDENTIFY message.

REQUEST SENSE commands selecting an invalid LUN will receive a Sense
Data block with the ILLEGAL REQUEST Sense Key and an INVALID LUN
Error Code. 1INQUIRY commands will return Inguiry Data with the
Peripheral Device Type field set to Logical Unit Not Present (7FH).
REQUEST SENSE and INQUIRY commands will not send CH~CK CONDITICN
status due to an invalid LUN selection.

6.2.3 Logical Block Address

The logical block address on logical units shall begin with bloék
zero and be contiguous up to the last logical block on that logical
unitc.

Group O command descriptor blocks contain 21-bit logical block
w addresses. Group 1 command descripter blocks contain 32-bit logical
block addresses. :

The logical block concept implies that the initiator and target shall
have previously established the number of data bytes per logical
block. This may be established through the use of the READ CAPACITY
command or the MODE SENSE command or by prior arrangement.

6.2.4 Relative Address Bit
| m CDC products will not support relative addressing.

| = The relative address (RelAdr) bit of the group 1 commands is set to

| ocne to indicate that the logical block address portion of the command
| descriptor block is a two's complement displacement. This negative

| or positive displacement is to be added to the logical block address
| last accessed on the logical unit to form the logical block address

| for this command. This feature is only available when linking

| commands. The feature requires that a previous command in the liked
| group have accessed a block of data on the logical unict.
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6.2.5 Transfer Length

The Transfer Length specifies the amount of data to be transferred,
usually the number of blocks. For several commands the transfer
length indicates the requested number of bytes to be sent as
defined in the command description. For these commands the
transfer length field may be identified by a different name. See

the following descriptions and the individual command descriptions
for fucther information.

Commands that use one byte for Transfer Length allow up to 256
blocks of data to be transferred by one command. A Transfer Length
value of 1 to 255 indicates the number of blocks that shall
transferred. A value of zero indicates 256 blocks.

Commands that use two bytes for Transfer Length allow up to 65,535
blocks of data to be transferred by one command. In this case, a
Transfer Length of zero indicates that no data transfer shall take

place. A value of 1 to 65,535 lndlcates the number of blocks that
shall be transferred.

For several commands more than two bytes are allocated for Transfer
Length. Refer to the specific command description for further
information. '

The Transfer Length of the commands that are used to send a list of
parameters to a target is called the Parameter List Length. The

Parameter List Length spec1f1es the number of bytes sent during the
DATA OUT phase.

The Transfer Length of the commands that are used to return sense
data (e.g. REQUEST SENSE, INQUIRY, MODE SENSE, etc) to an initiator
is called the Allocation Length. The Allocaticn Length specifies
the number of bytes that the initiator has allocated for returned
data. The target shall terminate the DATA IN phase when Allocation
Length bytes have been transferred or when all available sense data
have been transferred to the initiator, whichever is less.

s The REQUEST SENSE command is an exception. An Allocation Length of

a zero indicates that four bytes are to be transferred, not zero.

+8214 AEV. /83 COC T
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6.2.6 Control Byte
The control byte is the last byte of every command descriptor
block. A typical control byte is described in Table 6-4.
TABLE 6-4. CONTROL BYTE
BIT | 7 | 6 i 5 | 4 | 3 | 2 i 1 | 0 |
BYTE ] | l l !
m Last RESERVED FLAG LINK |
Bit Description
a 7-2 Reserved
1 Flag bit - If the link bit is zero, then the flag bit shall be

(

26918 REY 2/83 COC

set to zero. If the link bit is cne, and if the command
terminates successfully, the target shall send LINKED COMMAND
COMPLETE message if the flag bit is zero and shall send LINKED
COMMAND COMPLETE (WITH FLAG) message if the flag bit is one.
Typically, this bit is used to cause an interrupt in the
initiator between linked commands.

0 Link bit - This bit is set to one to indicate that the initiator
desires an autcmatic link to the next command upon successful
completion of the current command. Imnplementation of linked
commands is optional. 1If the link bit is one, targets that
implement linked commands, upon successful termination of the
command, shall return INTERMEDIATE status and shall then send one
of the twoc messages defined by the flag bit (above).

Targets that do not implement linked commands shall return a CHECK
CONDITION status and, if extended sense is implemented, shall set the

sense key to ILLEGAL REQUEST if either of the link and flag bits are
set to one.
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6.3 Command Examples

6.3.1 Single Command Example

A typical operation on the SCSI bus is likely to include a single
READ command to a peripheral device. This operation is described
in detail starting with a request from the initiator. This example

@ assumes that no malfunctions or errors occur and is illustrated in
m Figure 6-1.

The initiator has active pointers and a set of stored pointers
representing active disconnected SCSI devices (an initiator without
disconnect capability does not require stored pointers). The
initiator sets up the active pointers for the operation requested,
arbitrates for the SCSI bus, and selects the target. Once this
process is completed, the target assumes control of the operation.

The target obtains the command from the initiator (in this case, a
READ command). The target interprets the command and executes 1it.
In this case, the target gets the data from the peripheral
device56nd sends it to the initiator. At the completion of the
READ command, the target sends a status byte to the initiator. To

end the operation, the target sends a COMMAND COMPLETE message TO -
the initiator. ‘

| B | l | l l | i I ! | ! l | | B |
| U | | A | | SEL | | cMD | | D | | s | | MsG | | U |
I s | I R | l I ! l - I T | | In | l s |
! |=-=| B |--=| (no |--»|Read |-==| T |-==] A |--=| | === l
| F | I I | | ATN) | | o8H | | A | | T | | emd | | F I
| R | I T | | I I | I | LU | | comp] -
| E | | | | l I | b1 | s | l I | E |
| E | l | l l I I | N | | I | l | B |
|—| I | l ! P | —| | —| |—1

mnm FIGURE 6-1. SIMPLE COMMAND EXAMPLE

A8914 REY. 2/83 CDC
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6.3.2 Disconnect Example

=
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In the above single command example, the length of time necessary to
obtain the data may require a time-consuming physical seek. 1In order
to improve system throughput, the target may disconnect from the
initiator, freeing the SCSI bus to allow other requests to be sent to
other logical units. To do this, the initiator needs to be
reselectable and capable of restoring the pointers upon

reconnection. The target needs to be capable of arbitrating for the
SCSI bus and reselecting the initiator. See Figure 6-2. '

After the target has received the READ command (and has determined

that there will be a delay), it disconnects by sending a DISCONNECT
message and releasing BSY.

When the data is ready to be transferred, the target reconnects to
the initiator. As a result of this reconnection, the initiator
restores the pointers to their most recent saved values (which, in
this case, are the initial values) and the target continues (as in
the single command example) to finish the operation. The initiator
recognizes that the operation is complete when COMMAND COMPLETE
message is received.

1f target wishes to disconnect after transferring part of the data
(e.g.. while crossing a cylinder boundary), it may do so by sending a
SAVE DATA POINTER message and a DISCONNECT message to the initiator
and then disconnecting. When reconnection is completed, the current
data pointer value is restored to its value immediately prior to the
SAVE DATA POINTER message.

On those occasions when an error or exception condition occurs and
the target elects to repeat the information transfer, the target may
repeat the transfer by either issuing a RESTORE POINTERS message or
by disconnecting without issuing a SAVE DATA POINTER message. When
reconnection is completed, the most recent saved pointer values are
restored.
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DISCONNECT EXAMPLE

mm FIGURE 6-2.
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6.4 Timing Examples
wa TABLE 6-5. MEASUREMENTS TO DETERMINE TARGET PERFORMANCE
SYS.APPLICABILITY

|
LAl (w
| INjOiD| |O]
| 10IN|D|D|N|
| INJEIL]TI] | :
I 11 1| IsiD] DESCRIPTION
|Ala[MIM|C|T] _ :
|IR|R|S|SsioOls] WAVEFORM WAVEFORM
|BIBIGIGINIC] SYMBOL TABLE
I 1Y]Y|Y¥Yl (Y| Target Select Time (no ARBITRATICN) TOO Na
1¥] |YIYIY|Y! Target Select Time (with ARBITRATION) TOl1L 6-6,6-7
{71Y1Y¥] |Y]Y| Target Select to Command TO2 6-6
1ZiY] |¥YlY|Y|] Target Select to MSG OUT TO3 6-7
IYl¥YlY! 1YlY| IDENTIFY msg to Command T04 6-8
IYIYIYiY]Y]Y] Command to Status TOS 6-10
[YiY|Y|YIY|Y| Command to Data (parameters IN) TO6 6-14
iYiY|YlYlY|Y| Command to Data (parameters OUT) TO7 6-15
, iYIYIYlY|Y|Y| Command to Data (Write to data buffer) TOS 6-15
Q [Y] | |¥YiYl | Command to DISCONNECT msg TO9 6-11
* I¥!1 | 1YYl | DISCONNECT msg to Bus Free Tl0 6-11,6-19
IY! | |YlY] | DISCONNECT to ARBITRATION (for RESELECT) Tll 6-11
| T T T A This measures disconnected CMD overhead
1Yl | 1YlY] | Target win ARBITRATION (for RESELECT) Tl2 6-12
[¥} | IYlY| | ARBITRATION to RESELECT T13 6-12
Yl | 1Y|I¥] | RESELECT to IDENTIFY msg ‘in T1l4 6-12
iI¥l | 1YlY| | RESELECT IDENTIFY msg to Status TLS 6-13
{¥l | 1Yl¥] | RESELECT IDENTIFY msg to Data (media) T1l6 6-16
IYIY|Y|Y]Y|Y] Data to Status T17 §-20
IYIY|Y]Y|lY|Y| Status to CCMMAND COMPLETE msg - Ti8 6-10,6-13,6-20
IYIYIY|YlYi¥Y|] COMMAND COMPLETE msg to BUS FREE Tl% 6-10,6-13,6-20
1¥1 | |YlY! | Data to SAVE DATA POINTER msg T20 6-19
I¥i | 1YlY| | SAVE DATA POINTER msg to DISCONNECT msg T21 6-19
1YIYiY|YlY|{Y| Command Byte Transfer . T22 6-9
[YlY|Y|¥Y|Y|Y] Next Command Byte access T23 6-9
{Y{Y]Y|Y|Y|Y| Data In Byte Transfer (parameter) T24 6-17
{Yl¥Y|Y|Y|Y|Y] Data Out Byte Transfer (parameter) T25 6-18
|Y|IY|Y]Y|Y|Y]| Next Data In Byte access (parameter) T26 6~-17
{Y|Y]Y]Y|Y]Y| Next Data Out Byte access (parameter) T27 6-18
{Y]Y|Y|Y|Y|Y| Data In Byte Transfer (media) T28 6-17
IY{Y|YlY|Y|Y| Data Out Byte Transfer (media) T29 6-18
IYIYIY|Y|Y|¥Y]l Next Data In Byte access (media) T30 6-17
|YIY|YlY|Y]|Y| Next Data Out Byte access (media) T31 6-18
|YlY|Y|YiYlY] MSG IN Byte Transfer T32 6-10,6-12,
RRUPRRR N T U N I 6-13,6-19
( © |YIY]YiY|Y|Y] MSG OUT Byte Transfer T33 6-7
U [YlYlYlY|Y|Y| STATUS Byte Transfer T34 6-10,6-13,6-20
¥4 | l¥lyY] | Baa Message to MESSAGE REJECT msg T38 NA

Agg1a ey /83 CDC . ERL IS I
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wa TABLE 6-6. ARBITRATION, SELECTION (NO ATN), and COMMAND PHASE

BUS / INIT

0-7 \ 1D

\/INIT & TARG \

/ 18T \

/N__1ID /

\ BYTE /

-SEL

-BUSY _}

-1/0

-MSG

-C/D

-REQ

-ACK

A6918 REV. /83 CDC
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sa TABLE 6-7. ARBITRATION, SELECTION (with ATN), and MESSAGE OUT

BUS INIT \/INIT & TARG \ / IDENT \

1D /\___1ID / \___MsG /

Q

§

~
N\

-ATN : | | s
: | | =
-SEL : | | :
: | | :
-BUSY | | oo :
¢ | | | : :
-1/0 : : : :
: -MSG : R :
; : : : ] :
: -c/p : E } :
' -REQ : : : | : ]
3 : ¢ : { : |
i -ACK : : : : | : ]
; : : : : i : |
fmmmmmi lememmeee - femmeos
s TOl : : TO3 : : T33:

A6914 REV 283 CDC ) Senpg ~ T
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ms TABLE 6-8. IDENTIFY MSG OUT TO COMMAND PHASE
BUS /" IDENT \ / 1 ST \
0-7 \__MSG / \___BYTE /7
-ATN I s
—_l
-SEL
-BUSY
-1/0
a#
-MSG |
|
-c/D
-REQ | | 1 |
| ! : l
-ACK l l l
| | |
€ s e i e o 2 e o e o e e e -p;
TOA4 :

A8914 AEV. /83 CCC
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COMMAND DESCRIPTOR BLOCK TRANSFER

' BUS 1 ST \ / 2 ND —§—_/ LAST \
0-7 BYTE / \___BYTE \___BYTE /
-ATN :
-SEL :
-BUSY H
( -1/0 : H
-MSG | :
_ :
-C/D :
-REQ ) | | | : | s |
| ! | : | - —
H : 5_:
-ACK | | | |
| | ! |
:b-—»; ;~~-»: O ;*--—-»:

ARG1L IEY 23 T0C

: T22: ¢ T23: : T22:
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mss TABLE 6-10. COMMAND PHASE, STATUS PHASE, COMMAND COMPLETE MSG AND BUS FREE

BUS / LAST \ / STATUS / CMD \
0-7 \__BYTE / \ / \ COMPL /

-ATN H H H
-SEL : : :
-BUSY : : : :
-1/0 H i < . . l :
: | : : ! :
: : : : *
-MSC H H | . I .
: : | ¢ | :
-C/D : : : I :
: : : | :
-REQ | : ! | | | | :
| : ! | l | | :
-ACK | ! : | : | : | : ] :
! ! s | : | : | : | :
;(— ----- —D; ;(-—-D; ;(----—b: ;«-_--v; ;4— ..... -v;
: TOS :T34: : T18 : : T32: : T19 :

A8914 REV. /83 COC ) Prictes i S s
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wm TABLE 6-11. LAST COMMAND BYTE, DISCONNECT MSG, BUS FREE, AND RESELECT

BUS / LAST \ / DISCON \ : / ARB

0-7 \__BYTE _/ \ / \_ID
-ATN : : :
-SEL : : :
~-3USY : : i i

: : | b

=170 H | H i M :
' ({ : | : | : :
-MSG H l . l H :
: | : ] : :
-c/D : : ] : :
: : | :
-REQ | : | | | : :
| : | 1 ] : :
-ACK | | : | | : :
: | | : | | : :
e em e -t e e mem -
: TO9 H : T10 : TL1l :

NOTE: To properly measure Tll, there must be no
( other device contending for the SCSI bus.

Ag914 REV. /31 CCC ' Srmiom - T
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ARBITRATION, RESELECTION AND MESSAGE IN

BUS / TARGET

0-7 \___1ID

\/ TARG & INIT\

N ID / \

/

~

~-SEL -

-BUSY

-1/0

-M8G

-C/D

-REQ

-ACK

(Y ey £ R S 4|

T12

.A6R18% REY. /83 CCC
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@m TABLE 6-13. RESELECT IDENTIFY MSG, STATUS PHASE,
COMMAND CCMPLETE MSG AND BUS FREE

BUS IDENT \ / STATUS \ / cMD \

0-7 MSG / \ / “\__COMPL__/

-ATN

-SEL

~-BUSY

-1/0

esfos o9 oe c0flce se ee oo oo oo fos 00 00 o8 fs0 e
so es 20 o6 fee o5 es e 05 o3 Jes e sc e Jes oo

efsoe 00 00 2028 2o o9 sefse ee oo se foe 05 e 00 oo se Jeo 0 s

-MSG | : P |
| : | |
-c/D : : 1
: H |
-REQ | | I I l l
o | | | |
-ACK | | : | : | : | : |
| ] : ! $ | : | : !
Cmmenm - te—ms e et teemeee
: TS :T34: : Ti8 : : T32: : T19

«
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ma TABLE 6-14. LAST COMMAND BYTE TO DATA IN PHASE

BUS / LAST \ / 1 8T \

0-7 \ BYTE / \ BYTE /

-ATN

-SEL

-BUSY

-1/0 : |

-MSG

-C/D f |

-REQ g | | !

~ACK § | : | |

48914 AEV /83 CDC Bemrea m U S
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mm TABLE 6-15. LAST COMMAND BYTE TO DATA OUT PHASE

BUS / LAST \ / 1 sT

0-7 \ BYTE / \ BYTE

~

~-ATN

-SEL

-BUSY

-1/0

-M5G

-C/D : ‘ ‘

-REQ { : | 5 t

-ACK | ' | : !
| - :

e o e o e e s o o 2 o i e 2n 0 D s -5 2

TO7, TO8 : '

AG918 REY. /83 CDC
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mm@ TABLE 6-16. RESELECT IDENTIFY MSG TO DATA IN PHASE

BUS IDENT \ / 15T\
0-7 MSG / \__BYTE /

- -SEL

-BUSY *

-1/0

-MsG !

-¢/p |

-REQ i | i ]

-ACK g

A8014 REY. /93 CCC Prnted n 1S A
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mm TABLE 6-17. DATA IN BLOCK TRANSFER

/ LAST \
\ BYTE /

—_—

BUS / 1 8T \ / 2 ND \
0-7 \ BYTE / \ BYTE /

~ATN

-SEL

- -BUSY

-1/0 i

-MSG |

-C/D l

-REQ i | i | i |

~ACK | : | : | : | : | |

R I D P teeeo:
: T24: : T26: : T24: : T26
T28 T30 T28 T30

(8

Ag914 3EY /83 CDC
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-BUSY

-1/0

-MSG

-C/D

~-ACK
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TABLE 6-18. DATA OUT BLCCK TRANSFER

\

1 8T \ / 2 ND

BYTE / \ BYTE

LAST
BYTE

\
/

: : : O
. : : o
| : : :
| : : :
| : : :
] : : :
: | | : | | : |
: | | : | | s |
: : » : : H
| : | : | : | : | |
| : | : | : | : | |
feemmi fememi ool iemmmeo
: T25: : T27: : T25: s T27
: T29: ¢ T31l: : T29: s T31 :

Printeg :» 13 S
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am TABLE 6-19. LAST DATA BYTE, SAVE POINTER MSG, AND DISCONNECT MSG

/ DISCON \

~N

BUS LAST \ / SAVE
PTR

0-7 BYTE _ / \ \ /

-ATN . : :

~SEL H . .
-BUSY : : l}
) -1/0 H : H ] :
@ | : : : f :
~MSG H | M : } :
: i : : | :
-C/D . ! : H ! H
: | : : | :
-Rgg | | | | | ! :
| | | | | :
-ACX | | : | : | : | : | :
‘ [ : ! : oo | : [ :
U -
: T20 : :T32: sT21: :T32: : TlO :

20914 2€V. /83 COC danten < U3
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wre TABLE 6-20. DATA IN PHASE, STATUS PHASE, COMMAND COMPLETE MSG, AND BUS FREE

BUS LAST \ /~  STATUS \ / CMD \
0-7 BYTE _ / \ -/ \__COMPL __ /

-ATN : H H
-SEL  * : :
-BUSY : : :
-jI/O : : : ‘ /
: : : | :
-MSG . : I H | .
: : | | :
-C/D : | : : | .
: I : : |
-ReQ | l | | | | :
| S | | | | :
-ACK | f : | : | : | : | :
| S| - | : | : | : ] :
C P ;
e -3 e O e T -
: T17 : :T34: :T18: :T32: : T19

Ag914 REV /83 COC Srimied n oS
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7.0 COMMAND DESCRIPTIONS FOR ALL DEVICE TYPES

7.1 Group O Commands for All Device Types

These commands shall be as listed in Table 7-1.

OPERATION

CODE

TABLE 7-1. GROUP O COMMON CCMMANDS FOR ALL DEVICE TYPES

itd

COMMAND NAME SECTION

) 00H
01lH
02H
03K
04H
0SH
06H
07H
08H
09H

;g' - CaH
. 0BH
OCH
oDH
OEH
OFH
10H
11H

] 12H
13H
14H
15H
16H
17"
18H
198
1AH
1BH
1CH

© 1DH
1EH
1FH

TEST UNIT READY 7.1.1

REQUEST SENSE 7.1.2

INQUIRY 7.1.3

COPY 7.1.4

RECEIVE DIAGNOSTIC RESULTS 7.
SEND DIAGNOSTIC \ 7.

wnzo:txno:txn&»xnntwwmxnwaxmanzwnzg

=
*rWOR®B
a<

A914 AEV /93 C0C
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(Type definitions are defined in 6.1.2)

Command implementation is mandatory.

Command implementation is optional.

Qperation code is reserved for future standardization.
These operation codes may have different meanings for
specific types of peripheral devices. (See the
appropriate section for further information.)
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7.1.1 TEST UNIT READY Command (OOH)

Peripheral Device Type:

SPECIFICATION
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SPEC 64721700
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@ Operation Code Type: Mandatory
TABLE 7-2. TEST UNIT READY COMMAND
BIT| 7 | 6 | 5 | 4 | 3 2 1 | o |
BYTE 1 | 1 | l
0 - ] 0 Q 0 o Q0 0 0 |
1 - | Logical Unit Number | 0 0 0 0 0 |
_2 0 0 0 0 ) a 0 0 |
3 | Q Q 0] 0 Q 0 Q 0 |
4 | ] Q 0] 0 0 0 Q Q |
5 1 0 0 0 0 0 o} | Flag | Link |

The TEST UNIT READY command (Table 7-2) provides a means to check 1if

the logical unit is ready.

This is not a reguest for a self test.

1f the logical unit would accept an appropriate medium-access
command without returning CHECKX CCHNDITION status,
return a GOOD status.

AG918 REY. /83 CDC
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7.1.2 REQUEST SENSE Command (03H)
Peripheral Device Type: All
Operation Code Type: Mandatory
TABLE 7-3. REQUEST SENSE CCOMMAND
BIT | 7 ] 6 | 5 | 4 ] 3 | 2 | 1 | 0 |
-BYTE | | 1 ] ! ] | |
o) 0] 0 Q . (0] Q Q 1 1 |
1 | Logical Unit Number | 0 0 0 0 0 |
2 1 o ) ) 0 0 0 0 o |
3 | 0 0 0 0O 0 Q Q 0 |
4 | Allocation Length |
5 | 0 Q 0 0 0 0 | Flag | Link |

The REQUEST SENSE command (Table 7-3) requests that the target
transfer sense data to the initiator.

The sense data shall be valid for a CHECK CONDITION status returned

) . on the prior command. This sense data shall be preserved by the

‘ q ‘ target for the initiator until retrieved by the REQUEST SENSE command

ot until the receipt of any other command for the same logical unit

from the initiator that issued the command resulting in the CHECK
CONDITION status. Sense data shall be cleared upon receipt of any
subsequent command to the logical unit from the initiator receiving

m the CHECK CONDITION status.

The Allocation Length specifies the number of bytes that the
initiator has allocated for returned sense data. &n Allocation
Length of zero indicates that four bytes of sense data shall be
transferred. Any other value indicates the maximum number of bytes
that shall be transferred. The target shall terminate the DATA IN
phase when allocation length bytes have been transferred or when all
available sense data have been transferred to the initiator,
whichever is less.

The REQUEST SENSE command shall return the CHECX CONDITION status
only to. report fatal errors for the REQUEST SENSE command. For
example:

1. The target receives a nonzero reserved bit in the command
descriptor block.

2. An unrecovered parity error occurs on the DATA BUS.

3. A target malfunction prevents return of the sense data.

- If any non-fatal error occurs during execution of REQUEST SENSE, the
L(;* target shall return sense data with GOOD status. Following a fatal
R, W error on a REQUEST SENSE comand, sense data may be invalid.

a CDC products are required to support the extended sense data format
a3 and will not support the non-extended sense format.

\e914 BEY. Y33 CoC Bemeps - %
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a reserved.

The extended sense data format is shown in Table 7-4.
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Error code 2ero specifies
Error codes 1H through FH are
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TABLE 7-4. EXTENDED SENSE DATA FORMAT
BIT| 7 | 6 | 5 | 4 ] 3 | 2 | 1 i o i
_BYTE| 1 | ] { | | | !
0 | valid | 1 1 1| o 0 0 0 |
1 | Segqment Number |
2 |Filemrk| ®BOM | ILI | 0 I Sense Key |
3 1 Information Byte (MSB) !
4 | Information Byte |
5 1 Information Bvyte ]
6 | Information Byte (LSB) |
7 1 Additional Sense Length (n) |
o 8 | !
o 9 | bytes 8-~11 are Reserved for use |
@ 10 | by COPY or SEARCH commands -
s _11 | ]
8 _12 Error Code !
] 13 Reserved |
= 14 FRU Code |
| m _15 | FPv | ¢/D | 0 O__| BPV | Bit Pointer x
B 16 | Field Pointer (MSB) |
= 17 | Field Pointer (LSB) |
18-n]| Product Unigque Sense Data |

The Information Bytes are not defined if the Valid bit is zero.

I1£f the Valid bit is one, the Information Bvtes contain wvalid

information as follows:

1. The unsigned logical block address associated with the Sense Xey,
for direct-access devices (Type 0), write-once read-multiple
devices (Type 4), and read-only direct-access devices (Type 5).

] Unless otherwise specified, the information bytes will contain the
] address of the current logical block. For example, if Sense Key
] is MEDIUM ERROR, it will be the Logical Block Address of the

- failing block.

2. The difference (residue) of the regquested length minus the actual
length in either bytes or blocks, as determined bv the command,
for sequential-access devices (Type 1), printer devices (Tyvpe 2),
and processor devices (Type 3). (Negative values are indicated by, .
two's complement notation.)

3. The difference (residue) of the requested number of blocks minus
the actual number of blocks copied or compared for the current

] segment descriptor of a COPY command.

Ag91a4 €Y /33 C2C
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The Segment Number contains the number of the current segment
m descriptor if the extended sense is in response to a COPY command.
Up to 256 segments are supported beginning with segment zero.

The Filemark bit indicates that the current command has read a
filemark. This bit is only used for sequential-access devices.

The End-Of-Medium (ECM) bit indicates that an end-of-medium condition
(end-of-tape, beginning-of-tape, out-of-paper, etc) exists on a

. sequential access device or printer device. For sequential-
access devices, this bit indicates that the unit is at or past the
early-warning end-of-tape if the direction was forward or that the
command could not be completed because beginning-of-tape was
encountered if the direction was reverse. Direct-access devices shall
not use this bit; instead, these devices shall report attempts to
access beyond the end-of-medium as ILLEGAL REQUEST sense key (see
Table 7-5).

The Incorrect Length Indicator (ILI) bit indicates that the requested
logical block length did not match the loglcal block length of the
data on the medium.

{q The Sense Keys are described in Tables 7-5 and 7-6.

The Additional Sense Length specifies the number of additional sense
bvytes to follow. 1If the Allocation Length of the command descriptor
block is too small to transfer all of the additional sense bytes, the
additional sense length is not adjusted to reflect the truncation.

The additional sense bytes contain command-specific, peripheral-
device-specific data, or both kinds of data that further define the

w nature of the CHECK CONDITION status. For example, the CCPY command
defines a standard purpose for some of these bytes. The use of any
additional sense bytes by products is optional; such additional bytes
will be product unique.

a The Error Code provides additional clarification of errors whenever

| m 'the SENSE KEY is valid. Each Peripheral Device Type (as defined in

| m the INQUIRY command) will have a unique list of Error Code

| m definitions. Table 7-7 contains definitions for Direct Access

| m Devices. Other Device Types have not been defined vet.
m The FRU (Field Replaceable Unit) Code is a product unique field that
m indicates which assembly may have failed.

| m The Field Pointer Valid (FPV) bit, when set to one, indicates that the
m C/D bit and bytes 16 and 17 are valid. When set to zero, these fields
# shall be ignored.
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The Command/Data (C/D) bit, when set to one, indicates that the value
reported in the Field Pointer bytes is the CDB's byte number for which
an Illegal Request sense key was issued. When set to zero, it
indicates that the value reported in the Field Pointer bytes is the

byte number in the DATA phase for which an Illegal Request sense Kkey
was issued.

EnEeBae

The Bit Pointer Valid (BPV) bit, when set to one, indicates that the
Bit Pointer field is wvalid. The Bit Pointer field indicates which bit
of the byte indicated by the Field Pointer caused the Illegal Regquest
sencse key. A value of 7 indicates the left most bit and zero indicates
the right most bit. '

fe . .aa

The Field Pointer bytes provide a 16 bit pointer to the first byte
that caused the target to generate the Illegal Request sense key.

| TABLE 7-5. SENSE KEY (OH-4H) DESCRIPTIONS
SENSE KEY DESCRIPTION

0H NO SENSE - Indicates that there is no specific sense key
information to be reported for the designated logical unict.
This would be the case for a successful command or a command
that received a CHECK CONDITION status because one of the
Filemark, EOM, or ILI bits is set to ocne.

1H RECOVERED ERROR - Indicates that the last command completed
successfully with some recovery action performed by the

| = target. NOTE: For some Mode settings, the last command may
| = have terminated before completing.
. 28 NOT READY - Indicates that the logical unit addressed cannot

be accessed. Operator intervention may be reguired to
correct this condition.

3H MEDIUM ERROR - Indicates that the command terminated with a
nonrecovered error condition that was probably caused by a
flaw in the medium or an error in the recorded data.

4H HARDWARE ERROR - Indicates that the target detected a
nonrecoverable hardware failure while performing the command
] or during a self test. This includes SCSI interface parity
] error, controller failure, device failure, etc.

15914 AEY. V83 COC Srnted LS 3
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S5H

6H

TH

8H

AH

BH

DH

EH

FH

TABLE 7-6. SENSE KEY (SH-FH) DESCRIPTIONS

SENSE_XEY DESCRIPTION

ILLEGAL REQUEST - Indicates that there was an illegal
parameter in the command descriptor block or in the
additional parameters supplied as data for some commands.
(FORMAT UNIT, SEARCH DATA, etc). If the target detects an
invalid parameter in the command descriptor block, then it
shall terminate the command without altering the medium. If
the target detects an invalid parameter in the additional
parameters supplied as data, then the target may have already
altered the medium.

UNIT ATTENTION - Indicates that the removable medium may have
been changed or the target has been reset. See 6.1.3 for
more detailed information about the Unit Attention Condition.

DATA PROTECT - Indicates that a command that reads or writes
the medium was attempted on a block that is protected from
this operation. The read or write operation is not performed.

BLANK CHECKX - Indicates that a write-once read-multiple
device or a sequential-access device encountered a blank
block while reading or a write-once read-multiple device
encountered a nonblank block while writing.

Reserved for future CDC standardization.

COPY ABORTED - Indicates a CCOPY, COMPARE, or COPY AND VERIFY
command was aborted due to an error condition on the source
device, the destination device, or both. (See 7.1.4.2 for
additional information about this sense key.)

ABORTED CCMMAND - Indicates that the target aborted the
command. The initiator may be able to recover by trying the
command again. :

EQUAL - Reserved and not implemented on CDC products.

VOLUME OVERFLOW - Indicates that a buffered peripheral device
has reached the end-of-medium and data remains in the buffer
that has not been written to the medium.

MISCOMPARE - Indicates that the source data did not match the
data read from the medium.

This sense key is reserved.
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% as TABLE 7-7A. DIRECT ACCESS DEVICE ERROR CODE DEFINITIONS

] ERROR RECOMMENDED

] CODE DESCRIPTION SENSE KEY

| 00 No additional information NO SENSE

| 0l No index/sector signal HARDWARE ERROR

] 02 No seek complete HARDWARE ERROR

| 03  Write fault HARDWARE ERRCR or
| RECOVERED ERROR
| 04 Drive not ready NOT READY or

i : RECOVERED ERROR
] 05 Drive not selected NOT- READY

| " 06 No track zero found HARDWARE ERROR

] o)} Logical Unit communication failure HARDWARE ERROR or
] RECOVERED ERROR
| 09 Track following error HARDWARE ERROR or
| RECOVERED ERRCR
] 10 ID CRC or ECC error MEDIUM ERROR

] RECOVERED ERRCR
| 11 Uncrecovered Read error of data MEDIUM ERROR

| 12 No Address Mark found in ID field MEDIUM ERROR

] RECOVERED ERRCR
| 13 No Address Mark found in Data field MEDIUM ERROR

| RECOVERED ERROR
| 14 No record found MEDIUM ERROR.

| RECOVERED ERROR
! 15 Seek positioning erzror HARDWARE ERROR or
| MEDIUM ERROR or
| RECOVERED ERROR
] 17 Read Retries applied to recover data RECOVERED ERROR

| 18 ECC applied to recover data RECOVERED ERRCR

| 19 Defect list error MEDIUM ERROR

| RECOVERED ERROR
| 1A Parameter overrun ILLEGAL REQUEST

] 1B Synchronous transfer error HARDWARE ERROR

| 1C Primary Defect List not found MEDIUM ERROCR

] 1D Compare error MISCOMPARE

| 20 Invalid Command Operation Code ILLEGAL REQUEST

| 21 Invalid Logical Block Address ILLEGAL REQUEST

| 22 Illegal function for device type ILLEGAL REQUEST

] 24 Illegal use of bit or byte in CDB ILLEGAL REQUEST

| 25 Invalid LUN ILLEGAL REQUEST

| 26 Invalid field in parameter list ILLEGAL REQUEST

| 27 Write protected: HARDWARE ERROR

| 28 Medium changed ’ UNIT ATTENTION

i 29 Power On Reset, hard RESET, or UNIT ATTENTION

] BUS DEVICE RESET message occured

| 2A MODE SELECT parameters changed by UNIT ATTENTION

| another initiator

| 30 Incompatible cartridge MEDIUM ERROR

| 31 Medium format corrupted MEDIUM ERRCR

| 32 No spare defect location available MEDIUM ERROR

Brntag 0
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; om TABLE 7-7B. DIRECT ACCESS DEVICE ERROR CODE DEFINITIONS
| ERROR RECOMMENDED
| CODE DESCRIPTION SENSE XEY
| 40 RAM failure ‘ HARDWARE ERROR
] 41 Data Path diagnostic failure HARDWARE ERROR
| 42 Power On diagnostic failure HARDWARE ERROR
| 43 MESSAGE REJECT message retry failure ABORTED COMMAND
| 44 Target internal parity/hardware error HARDWARE ERROR or
| RECOVERED ERROR
| 45 SELECTION/RESELECTION failure ABORTED COMMAND
| 46 Unsuccessful soft RESET HARDWARE ERROR or
| ABORTED CCMMAND
| 47 SCS1 Bus parity error HARDWARE ERROR '
| 48 INITIATOR DETECTED ERROR retry failure ABCRTED CCMMAND
| 49 Inappropriate/illegal message ABORTED COMMAND
!

80-FF Product Unique error codes

! NOTE: All other codes are Reserved for future use.

Aegre any a3 T2C
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| Table numbers 7-8, 7-9, and 7-10 are reserved for future Error Code
| Description tables.
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7.1.3 INQUIRY Command (12H) -

Peripheral Device Type: 2all
] Operation Code Type: Mandatory

| TABLE 7-11. INQUIRY COMMAND

BIT| 7 i "6 | 5 | 4 | 3 | 2 | 1l | 0 |
BYTE | | ] ] | | | | !
0 ] 0 0 Q9 i Q 0 1 Q0 |
1 Logical Unit Number | o] 0 Q 0 0 |
_2 0 0 0 0 0 0 0 o |
3 | 0] Q ] Q 0 0 0] ~ 0 |
4 | Allocation Length |
5 1 o 0 0 0 0 o | Flagq | Link |

| The INQUIRY command (Table 7-11) requests that information
regarding parameters of the target and its attached peripheral
device(s) be sent to the initiator.

,4 ; The Allocation Length specifies the number of bytes that the

1 initiator has allocated for returned INQUIRY data. An Allocation
Length of zero indicates that no INQUIRY data shall be
.transferred. This condition shall not be considered as an error.
Any other value indicates the maximum number of bytes that shall be
transferred. The target shall terminate the DATA IN phase when
allocation length bytes have been transferred or when all available
INQUIRY data have been transferred to the initiator, whichever is
less.

A CHECK CONDITION status shall only be reported when the target
cannot return the requested INQUIRY data. (Implementors note: It
is recommended that the INQUIRY data be returned even though the
peripheral device may not be ready for other commands.)

£ an INQUIRY command is received from an initiator with a pending
Unit Attention Condition (before the target reports check condition
status), the target shall perform the INQUIRY command and shall not
clear the Unit Attention Condition. (See 6.1.3.)

| The INQUIRY data (Table 7-12) contains a five byte header, followed
by the wvendor unique parameters, if any. ,
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| TABLE 7-12. 1INQUIRY DATA
BIT| 7 | 6 | 5 | 4 ] 3 | 2 | 1 | 0 |
BYTE | ! | [ { | | ] |
o] ] Peripheral Device Type |
| 1 |__BRMB | Device-Type Qualifier |
| 2 | IS0 Version | ECMA Version | ANSI Version |
m _3 | Q o) 0 0 | Response Data Format (1H) I
| . _4 | Additional Length (n) |
= Ccamon Command Set Parameters
| = 5 ] Reserved (00H) - |
| @ _6 | Reserved (QOH) |
| s _7 | Reserved (OOH) !
= _8 | Vendor Identification: ASCII 'C' (43H) |
a 9 | Vendor Identification: ASCII 'D’ (44H) !
m _.0 | Vendor Identification: ASCII 'C‘ (43H) |
a _11 Vendor Identification: ASCII blank (20H) |
s _12 | Vendor Identification: ASCII blank (20H) |
s _13 | Vendor Identification: ASCII blank (20H) |
m _14 | Vendor Identification: ASCII blank (20H) |
‘w _15 | Vendor Identification: ASCII blank (20H) i
s _158 | Product lIdentification: !
a _17 | Product Identification: bW
a _18 | Product Identification: [
‘m _19 | Product Identification: |
a _20 Product Identification: |
a _21 Product Identification: {
a _22 | Product Identification: |
s _23 | Product Identification: |
e _24 | Product Identification: |
© _25 | Product Identification: |
m _26 |  Product Identification: l
s _27 | Product Identification: |
® _28 | Product Identification: |
m _29 | Product Identification: i
= _30 | Product Identification: |
s _31 Product Identification: |
a _32 Revision Level |
a _33 | Revision Level |
e _34 1| Revision Level |
s _35 | Revision Level |

ag91s REVY 2783 COC
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Table 7-13. PERIPHERAL DEVICE TYPE

CCDE DESCRIPTION

00H Direct-access device (e.g., magnetic disk)

01lH Sequential-access device (e.g., magnetic tape)

02H Printer device

03H Processor device

04H Write~once read-multiple device (e.g., some optical disks)
0SH Read-only direct-access device (e.g., some optical disks)
06H~~-7ER Reserved

7FH Logical Unit not present

80H-~~-FFH Reserved
The Peripheral Device Type is shown in Table 7-13.

A Removable Medium (RMB) bit of zero indicates that the medium is not
removable. A RMB bit of one indicates that the medium is removable.

The Device-Type Qualifier is a seven bit user specified code. This
code may be set with switches or by some other means by the target

or peripheral device. CDC precducts shall return all zero bits. This
feature allows each user to assign unique codes to each specific type
of peripheral device that is supported on the system being used. These
codes may then be used by self-configuring software to determine what
specific peripheral device is at each logical unit number. This is
especially valuable for systems that support multiple types of
removable medium. o

The usage of nonzero code values in the ISO Version and ECMA Version
fields is defined by the International Standards Organization and the
European Computer Manufacturers Association., respectively. A zero code
value in these fields shall indicate that the target does not claim
compliance to the ISO or ECMA versions of SCSI. Note that it 1is
possible to claim compliance to more than one of these SCSI standards.

The ANSI version is the implemented version of the ANSI SCSI standard
and is defined as shown in Table 7-14.

TABLE 7-14. ANSI VERSION

CODE DESCRIPTICN
0H Version is before ANSI standard is first approved.
1H Complies with first release of ANSI SCSI standard.
2H--7H Reserved’
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m The Response Data Format indicates the format that additional INQUIRY
| m data will be in. Codes are defined in Table 7-15.

| mm TABLE_7-15. RESPONSE DATA FORMAT
CODE . DESCRIPTION
OH Vendor Unigue
1H Common Command Set (CCS)
2H~--FH Reserved

The Additional Length shall specify the length in bytes of the vendor
® unique parameters. For CDC products this additional length will
m always be 31 decimal. If the Allocation Length of the command
descriptor block is too small to transfer all of the vendor unique
parameters, the additional length shall not be adjusted to reflect
the truncation.

The Vendor Identification bytes for our company will be the ASCII
characters for 'CDC' plus five ASCII blanks as shocwn in Table 7-12.
Cptical Storage International will use the ASCII characters for 'OSI‘
in bytes 8-10.

-

The Product ldentification bytes will be the ASCII characters for the. .
product identification codes and will be defined in individual
Product Specifications.

-m The Revision Level is a product specific hardware and software
ma revision level coded as four ASCII characters.

wwﬁl
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7.1.4 COPY Command (18H)

Peripheral Device Type: All
® Operation Code Type: Optiocnal (Mandatozy for backup devices)

| TABLE 7-17. COPY COMMAND

7 | 6 | 5 | 4 | 3 |

BIT| 2 | 1 i o} |
BYTE | ] ] 1 ] | ] | |
0 ] 0 0 0 1 1 0 0 0 |
1 [__Logical Unit Number | 0 0 0 0 0 |
2 ! Parameter List Length (MSB) |
3 ] Parameter List Length |
4 | Parameter List Lenqth (LSB) |
5 | o 0 0 0 0 0 | Flag | Link |

| The COPY command (Table 7-17) provides a means to copy data from one
logical unit to another or the same logical unit. The logical units
"j may reside on the same SCSI device or different SCSI devices. CDC
‘m backup devices (i.e., devices with removable media) must support COPY
m to or from another SCSI device. All other COPY features are optional.

A CDC device that implements COPY command will only use ccmmands
listed as mandatory (in this specification) when communlcatxng with
cther SCSI devices.

The Parameter List Length specifies the length in bytes of the
parameters that shall be sent during the DATA OUT phase of the
command. A Parameter List Length of zero indicates that no data
shall be transferred. This conditicn shall not be considered as an
error.

{ ( ‘/’
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| The COPY parameter list (Table 7-18) begins with a four-byte header

that contains the COPY function code and priority. Following the
header is one or more segment descriptors.

| TABLE 7-18. COPY PARAMETER LIST

BIT| 7 | 6 | 8 i 4 | 3 | 2 ! 1 | 0 |

BY ] | | l ] | ! ! |

o) | COPY Function Code ‘ f Priority ‘

1 ) 0 0 0 0 0 0 0 I

_2 | 0 0 0 0 0 0 0 0 |

‘ 3 | o (o) 0 (8] 0 9] 0 0 |
Segment Descriptor(s)

0 - | Segment Descriptor O |

_xx | (See specific table for length.) |

- . |

| . |

| . ]

0 - | Segment Descriptor n |

xx | (See specific table for length.) |

The COPY function code defines a specific format for the segment & -
i descriptors. The CCPY function codes are defined in Table 7-19. -

The Priority field of the COPY parameter list establishes the
relative priority of this COPY command to other commands being
executed by the same target. All other commands are assumed to have
a priority of 1. Priority O is the highest priority with increasing
values indicating lower priorities.

The Segment Descriptor formats are determined by the COPY function
code. The Segment Descriptor format used for write-once read-multiple
devices and for read-only direct-access devices shall be the same as
for direct-access devices. The Segment Descriptor format used for
printer devices and for processor devices shall be the same as for
sequential-access devices. Thus a COPY from a write-once
read-multiple device to a printer device uses the same Segment
Descriptor format as for a COPY from a direct-access device to a

| sequential-access device. (See Table 7-19.) The Segment Descriptor

| = formats are described in Tables 7-20 through 7-22. A maximum of 256
segment descriptors are permitted. The segment descriptors are
identified by ascending numbers beginning with zero.

Ag914 REY. 7783 CDC Femtag nou g
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] TABLE 7-19. COPY FUNCTIONS

| PERIPHERAL DEVICE TYPE | coPY | SEGMENT | |

] ] | FUNCTION | DESCRIPTICON | |

|_SOURCE | DESTINATION | CODE |  TABLE ] COMMENT 1

| : |
[ ] 00H 0lH 00H Table 7-20 |
| | ooH 02" . 00H Table 7-20 |
| | O0H Q03H Q0H Table 7-20 : |
| | 04H 0lH 00H Table 7-20 Direct Access ]
| | 04H 02H 00H “Table 7-20 to |
] | O04H 03E 00H Table 7-20 Sequential Access |
| | O0SH 01H °  0O0H Table 7-20 |
] | OSH 02H 00H Table 7-20 |
| i 0SH 03H COH Table 7-20 H

| |
| | ClH 00H 0O1lH Table 7-20 Sequential Access |
] | O01lH 04H 0l1lH Table 7-20 to |
| | O3H ooH 0lH Table 7-20 Direct Access |
] | Q3H . 04H 0lH Table 7-2C !

o i
/ ﬂ | | QCH Q00H 02H Table 7-21 |
S | O0OH 04H ozH Table 7-21 Direct Access i

| | 04H 00H 02H Table 7-21 To |
| |  04H 04H 02H Table 7-21 Direct Access |
| | o05H 00H 02H Table 7-21 |
| ] O5H 04H 02H Table 7~-21 }

|
{ | C1lH 0lH 03H Table 7-22 |
| | OlH 02H 03H Table 7-22 Sequential Access |
| ] ClHE Q03H 03H Table 7-22 to i
] | O03H O1lH 03H Table 7-22 Sequential Access |
| | 03H 024 Q03H Table 7-22 |
| | O3H 03H 03H Table 7-22 ]

! i

Peripheral device type: OOH

46918 A¥Y. /83 COC

0lH
02H
03H
04H
05H

COPY function code: QOH

OlH
02H
03H
04H--0FH
10H--~1FH

Direct-access device

Sequential-access device
Printer device

Processor device
Write-once read-multiple device
Read-only direct-access device

Direct access to sequential access
Sequential access to direct access
Direct access to direct access
Sequential access to sequential access
Reserved
Reserved
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7.1.4.1 Errors Detected by the Managing SCSI Device

Two classes of unusual conditions may occur during execution of a
COPY command. The first class consists of those unusual conditions
detected by the SCSI device that received the COPY command and is
managing the execution of the command. These conditions include
parity errors while transferring the COPY command and status byte,
invalid parameters in the COPY command, invalid segment descriptors,
and inability of the SCSI device controlling the COPY functions to

continue operating. 1In the event of such an unusual condition, the
SCSI device managing the COPY shall:

1. Terminate the COPY command with é CHECK CONDITION status.

2. Return the sense data in the extended sense format. The Valid
bit shall be set to one. The Segment Number shall contain the
number of the segment descriptor being processed at the time the
unusual condition is detected. The Sense Key shall contalin the
sense key code describing the unusual condition. The information
bytes shall contain the difference between the number of blocks
field in the segment descriptor being processed at the time of
the failure and the number of blocks successfully copied. This
number is the residue of unprocessed blocks remaining for the
segment descriptor.

7.1.4.2 Errors Detected by a Target

Agg1a AEV. /83 C2C

The second class of errors consists of unusual conditions detected by
the SCSI device transferring data at the request of the SCSI device
managing the transfer. The SCSI device managing the COPY command
detects unusual conditions by receiving a CHECK CONDITION status from
one of the SCSI devices it is managing. It then shall recover the
sense data .ssociated with the unusual condition.

The SCSI device managing the COPY command may also be the source or
destination SCSI device (or both). It shall distinguish between a
failure of the management of the COPY and a failure of the data
transfer being requested. It shall then create the appropriate sense
data internally. After recovering the sense data associated with the
detected error, the SCSI device managing the COPY command shall:

1. Terminate the COPY command with a CHECKX CONDITICN status.
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2. Return the sense data in the extended sense format. The Valid
bit shall be set to one. The Segment Number shall contain the
number of the Segment Descriptor being processed at the time
the unusual condition is detected. The Sense Key shall be set .
to COPY ABORTED. The Information Bytes shall contain the
difference between the number of blocks field in the segment
descriptor being processed at the time of the failure and the
number of blocks successfully copied. This number is the
residue of unprocessed blocks remaining for the segment
descriptor. The Additional Sense Length shall specify the
number of additional sense bytes.

The first additional sense byte shall specify the byte number,
relative to the first byte cof sense data, of the beginning of the
gsource logical unit's status byte and sense data. A zero value
indicates that no status byte or sense data is being returned for
the source logical unit. The first byte of the area pointed to by
the first additional sense byte shall contain the status byte from
the socurce logical unit. The subsequent bytes shall contain,

‘ - unchanged, the sense data recoverad from the source logical unit.

The second additional sense byte shall specify the byte number,
relative to the first byte of sense data of the beginning of the
destination logical unit's status byte and sense data. A zero
value indicates that no status byte or sense data is being returned
for the destination logical unit. The first byte of the area
pointed to by the second additional sense byte shall contain the
status byte from the destination logical unit. The subsequent
bytes shall contain, unchanged, the sense data recovered from the
destination logical unit.
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7.1.4.3 COPY Function Code 0O0OH and 01H

The format for the segment descriptors for COPY transfers between
direct-access and sequential-access devices is specified in Table
| 7-20. This format is required for COPY function codes 0OH or 0O1lH.
The segment descriptor may be repeated up to 256 times within the
Parameter List Length specified in the command descriptor block.

| TABLE 7-20. SEGMENT DESCRIPTOR FOR COPY FUNCTION CODES OCH AND O1lH

]

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |

] | ; | | ] ! ~ |
Source Address { 0 0 | Source LUN |
Destination Address | 0 0 | Pestination LUN |
Sequential-Access Device Block-Length (MSB) |

! Sequential-Access Device Block-Length (LSB) |
Direct-Access Device Number of Blocks (MSB) |
Direct-Access Device Number of Blocks |
i

|

!

1

I

i

o
o
-3
5]

Direct-Access Device Number of Blocks
Direct-Access Device Number of Blocks (LSB)
Direct-Access Device Logical Block Address (MSE)

] Direct-Access Device Logical Block Address
| Direct-Access Device Logical Block Address -
| Direct-Access Device Logical Block Address (LSB)

r—'omooqaam.nwlmi—'ol

==

Source Address and Destination Address fields specify the SCSI
devices and the Source LUN and Destination LUN fields specify the
logical units to use for this segment of the -COPY commaand. Some SCSI
devices may not support "third-party" COPY in which the copying SCSI
device is not the source or destination device. Some SCSI devices
only support COPY within the SCSI device and not to other SCSI
devices. If an unsupported COPY operation is requested, the command
shall be terminated with a CHECKX CCNDITION status and the Sense Xey
shall be set to ILLEGAL REQUEST.

The Sequential-Access Device Block-Length field specifies the
block-length to be used on the sequential-access logical unit during
this segment of the COPY command. If this block-length is known by
the SCSI device managing the COPY to be not supported, the command
shall be terminated with a CHECK CONDITION status and the Sense Key
shall be set to ILLEGAL REQUEST. If the block-length is found to be
invalid while executing a read or write operation to the
sequential-access device, the command shall be terminated with a
CHECK CONDITION status .and the Sense Key shall be set to COPY ABCRTED.

The Direct-Access Device Number of Blocks field specifies the number
of blocks in the current segment. A value of zero indicates that no é% ‘
blocks shall be transferred in this segment. The Direct-Access Seriet
Device Logical Block Address specifies the starting logical block
address on the logical unit for this segment.

A6914 ALY, /83 CDC Somren v L3
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7.1.4.4 COPY Function Code 02H

The format for the segment descriptors for COPY transfers among

] direct-access devices is specified by Table 7-21. This format is
required for COPY function code 02H. The segment descriptor may be
repeated up to 256 times within the parameter list length specified
in the command descriptor block.

| TABLE 7-21. SEGMENT DESCRIPTOR FOR COPY FUNCTION CODE O2H

BIT| 7 ] 6 | 5
BYTE | |

=3
(9%

2 I 1 | o
I | |

Source Address Source LUN

Destination Address | Destination LUN

lof-lo

(o] (o} (e} (o]
[s]{e] (o] (o]

0 0 0 Q0 Q
9] 9) 0 0 O

OO

Source Number of Blocks (MSB)

Source Number of Blocks

Source Number of Blocks

Source Number of Blocks (LSH)

Source Logical Block Address (MSB)

Source Logical Block Address

Source Logical Block Address

S,
IO G o hs

Source Logical Block Address (LSB)

Destination Logical Block Address (MSB)

Destination Logig¢al Block Address

Destination Logical Block Address

‘Hh‘PWHFJH
U 8 fLD 1N

Destination Logical Block Address (LSB)

The Source Address and Destination Address fields specify the SCSI
devices and the Source LUN and Destination LUN specify the logical
units to use for this segment of the COPY command. Some SCSI
devices may not support "third-party" COPY in which the copying
SCS1 device is not the source or destination device. Some SCSI
devices only support COPY within the SCSI device and not to other
SCS1 devices. If an unsupported COPY operation is requested, the
command shall be terminated with a CHECK CONDITION status and the
sense key shall be set to ILLEGAL REQUEST.

The Source Number of Blocks field specifies the number of blocks to
be transferred from the source device during command execution.
The Source Logical Block Address field specifies the starting
logical block address on the source device. The Destination
| Logical Block Address field specifies the starting logical block
(f address on the destination device.
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7.1.4.5 COPY Function Code 03H

The format for the segment descriptors for COPY transfers among

| sequential-access devices is specified by Table 7-22. This format
is required for COPY function code 03H. The segment descriptor may
be repeated up to 256 times within the parameter list length
specified in the command descriptor block.

| TABLE 7-22. SEGMENT DESCRIPTOR FCR COPY FUNCTION CODE 03H

BIT| 7 | 6 | 5

l L2 | 1 l 0
BYTE | | 1 |

|

l

|

! ] I L
|
!

| Source Address ource LUN

S
| Destination Address Destination LUN
{ 0 Q 0 0 0 Q
{
|

olojojo >
(o] (o] o] o]

0 Q Q 0 0 0
Source Block Length (MSB)
Source Block Length (LSB)
Destination Block Length (MSB)
| _Destination Block Length (LSB)
Source Number of Blocks (MS3)
Source Number of Blocks
Source Number of Blocks
Source Number of Blocks (LSB)

lmbw'wn—'o

el
- 1O o o 3o

o - o~ — . ——_ " o 5 —— 1M S (oo Wt i

Source Address and Destination Address fields specify the SCSI
devices and the Source LUN and Destination LUN fields specify the
logical units to use for this segment of the COPY command. Some SCSI
devices may not support “third-pazty" COPY in which the copying SCSI
device is not the source or destination device. Some SCTSI devices
only support COPY within the SCSI device and not to other SCSI
devices. 1If an unsupported COPY operation is requested, the command
shall be terminated with a CHECX CONDITION status and the sense key
shall be set to ILLEGAL REQUEST. '

The Source Block-Length field specifies the block-length of the
source device for this segment of the CCPY. A zero in this field
indicates variable block-length. For nonzero values, this field
shall match the logical unit's actual block-length. If block-length
mismatches are detected by the SCSI device managing the COPY, the
command shall be terminated with a CHECK CONDITION status and the
sense key shall be set to ILLEGAL REQUEST. £ the mismatches are
detected during the read operation by the COPY manager, the command
shall be terminated with a CHECK CONDITION status and the Sense Key
shall be set to COPY ABCRTED.

SN
The Destination Block-Length field specifies the block-length to be é{’,
used on the destination logical unit during the COPY. Destination N
block-length mismatches are handled in the same manner as source
block-length mismatches.

\AB91a REV. /83 CDC Srrteg LS
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The Source Number of Blocks field specifies the number of blocks to be
transferred from the source device during this segment. A value of zero
indicates that no blocks shall be transferred.

7.L.5 PRBECEIVE DIAGNOSTIC RESULTS Command (1CH)

Peripheral Device Tywe: &Ll
Cperation Code Type: Optional

| TABLE 7-23. RECEIVE DIAGNOSTIC RESULTS COMMAND

BIT| 7 | 6 ] 5 | 4 | 3 | 2 | 1 | 0 i

BYTE | | | | | | ! ! |

o { o 0 0 1 1 1 0 o |

1 | Logical Unit Number ! s} s 0 0 Q |

- 2 1 0 0 c 0 0 0 0 o |
3 | Allocation Length (MSB) : |

4 i Allocation Length (LSB) |

‘ ; 5 l 0 o} 0 Q g 0 | Flag | Link |

| The RECEIVE DIAGNOSTIC RESULTS command (Table 7-23) requests analysis

data be sent to the initiator after completion of a SEND DIAGNOSTIC
command (see 7.1.6).

The Allocation Length shall specify the number of bytes that the
initiator has allocated for returned diagnostic data. An Allocation
Length of zero indicates that no diagnostic data shall be
transferred. Any other value indicates the maximum number of bytes
that shall be transferred. The target terminates the DATA IN phase
when allocation length bytes have been transferred or when all

available diagnostic data have been transferred to the initiator,
whichever is less.

m The diagnostic data returned is vendor unique. CDC products will
| m return bytes as defined in Table 7-24.

-~
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TABLE 7-24. CDC DIAGNOSTIC DATA BYTES
BYTE DESCRIPTICHN
0 Additional Length (MSB)
1 Additional Length (LSE)
2 FRU Code (most probable)
3 FRU Code
4 FRU Code
5 FRU Code (least probable)
6 Error Code (MSB)
7 Error Code (LSB)
- Optional product
n unique bytes.
This two byte value indicates the number of additional
brtes included in the diagnostic data list. For example,
if no product unique bytes were avallable, this value '
would be 0006H. A value of 00OCH means that there ace no
additional bytes. i '
A Field Replacable Unit code is a byte that identifies an
assembly that may have failed. The codes will be listed
in probability order, with the most probable assembly
listed first and the least probable listed last. A cecde
of OOH indicates that there is no FRU information and a
code of OlH indicates that the entire unit should be
replaced. Other values have product unique meanings.
This two byte value provides information about what part
of a diagnostic operation has £failed.
]
A
L
e

Srarag i
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7.1.6 SEND DIAGNOSTIC Command (1DH)

Peripheral Device Type: All
] Operation Code Type: Mandatory

| TABLE 7-25. SEND DIAGNOSTIC CCMMAND

BIT| 7 | 6 ] 5 ] 4 | 3 i 2 | 1 | 0 |
BYTE ! |- | { ! | - |
0 0 0 0 1 1 1 0 1 |
1 | Logical Unit Number | o U [SelfTst]| DevOflL]| UnitOflL|
2 | 0 0 0 0 0 0 Q 0 |
3 | Parameter List Length (MSB) |
4 Parameter List Length (LSB) |
5 0 0 0 0 0 0 | Plag | Link |

| The SEND DIAGNCOSTIC command (Table 7-25) requests the target to
perform diagnostic tests on itself, on the attached peripheral

4 = devices, or on both. CDC products shall support use of the SelfTs
fd ®= bit. Other SEND DIAGNOSTIC command features are
m optional.

The Parameter List Length specifies the length in bytes of the
parameter list that shall be tramsferred during the DATA CUT phase.
A Parameter List Length of zero indicates that no data shall be
transferred. This condition shall not be considered as an error.

m The parameter list is wvendor unique and reserved for future

@ standardization by CDC.

A logical Unit Off-Line (UnitOfL) bit of cne enables write operations
on user medium or operations that affect user visible medium
positioning. An SCSI Device Off-Line (DevOfL) bit of cone enables
diagnostic operations that may adversely affect operations to other
logical units on the same target.

The Logical Unit Off-Line and SCSI Device Off-Line bits are generally
set by operating system software, while the parameter list is
prepared by diagnostic application software. Thus, by preventing
operations that are not enabled by these bits, the target assists the
operating system in protecting its resocurces.

A Self Test bit of one directs the target to complete its default
self test. If the self test 1s requested, the parameter list length
shall be set to zero and no data shall be transferred. 1If the self
test successfully passes, the command shall be terminated with a GOOD
status; otherwise, the command shall be terminated with a CHECX
CONDITION status and, if extended sense is implemented, the Sense Key
shall be set to HARDWARE ERROR.

Ag91a AEY. /83 COC Partea U



@@MAGNETIC PERIPHERALS INC.

ENGINEERING SPEC 64721700

aControl Oata Compary : CcD 9

SPECIFICATION REV (Q

DATE
: PAGE 104
TWIN CITIES DISK DIVISION

7.2 Group 1 Commands for All Device Types

| These commands shall be as listed in Table 7-26.

TABLE 7-26. GROUP 1 CCMMANDS FOR ALL DEVICE TYPES

OPERATION
CODE TYPE COMMAND NAME SECTION

. 22H

-31H"

'3FH

20H
21H

23H
24H
25H
26H
27H
28H
29H
22AH
2BH
2CH
2DH
2EH
ZFH
30H

P

32H
33H
34H
35H
36H
374
38H
3%H
3AH
3BH
3CH
3DH
3EH

CCMPARE

COPY AND VERIFY
WRITE DATA BUFFER
READ DATA BUFFER

NN
NNNN

WWHEZOOWWWWN # # % % # xWWW s *WW WA E
W N

\A8918 2EY 2/83 CDC
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B

(Type definitions are defined in 6.1.2)

Command implementation is optional.

Operation code is reserved for future standardization.
These operation codes may have different meanings for speci-

types of peripheral devices. (See the appropriate section fok
further information.) '

imtam»
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1l COMPARE command (39H)

CDC products do not implement this command at this time.
2 COPY AND VERIFY command (32H)

CDC products do not implement this command at this time.
2.3 WRITE DATA BUFFER Command (3BH)

Peripheral Device Type: All
Operation Code Type: Mandatory

TABLE 7-27. WRITE DATA BUFFER COMMAND

BIT| 7 i 8 | 5 | 4 | 3 i 2 | 1 | 0 |
BYTE | ! | | ! | | | |
o | -o 0 1 1 1 0 1 1|
1 | Logical Unit Number 1 0 o] Q 0 |
2 1 @ 0 0 0 0 0 0 o |
3 Q Q G Q Q Q 9] 8] |
4 0 0 0 0 0 0 0 ) |
5 1 o0 0 0 0 0 ) 0 o |
6 Q 0 Q 0 [¢] 0 9) 0 i
7 Bvte Transfer Length (MSB) |
8 Byte Transfer Length (LSB) i
9 | o 0 0 0 0 0 | Flag | link |

The WRITE DATA BUFFER Command is used in conjunction with the READ
BUFFER command as a diagnostic function for testing the target's data
buffer memory and the SCSI bus integritv. The medium shall not be
accessed during the execution of this command.

The Byte Transfer Length includes a four byte header and the WRITE
DATA BUFFER data. Up to 63,535 bytes may be transferred, consisting
of four bytes ¢f header and up to 65,531 bytes of data. A transfer
length of zero indicates that no data transfer shall take place.
This condition shall not create the CHECK CONDITION status. If the
transfer length is greater than the Available Length reported by the
READ DATA BUFFER header, the target shall create the CHECK CONDITION
status with the Sense Key of ILLEGAL REQUEST. 1In this case no data
shall be transferred from the initiator.

It shall not be tonsidered an error to request a transfer length less
than the Available Length.

Snntag in U S
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TABLE 7-28 WRITE DATA BUFFER HEADER

BIT| 7 | 6 | 5 | 4 | 3 i 2 | 1 | 0 |
BYTE | ! | ] | | | ! |
0 ! Reserved |
1 | Reserved |
2 | Reserved ]
3 ] Reserved |
4-u_| Buffer Data Bvtes i
CONDITION - SENSE KEY
Transfer length greater than ILLEGAL REQUEST

buffer size.

Target reset or medium change since UNIT ATTENTION
last command from this initiator.

@m 7.2.4 READ DATA BUFFER Command (3CH)

Peripheral Device Type: All
Operation Code Type: Mandatory

TABLE 7-29. READ DATA BUFFER COMMAND

BIT| 7 | 6 | 5 | 4 | 3 i 2 | 1 ] 0] |
BYTE | ! | | | ] 1 i |
0 | 0 0 1 1 1 1 0 0 |
X { Logical Unit Number | 0 0 0 0 |
2 1 o 0 0 0 0 0 0 0|
3 ] 0 o] 0 ] [0) Q Q 0 ]
4 0 0 0 0 0 0 0 0 [
5 0 0 0 0 0 0 0 0 |
6 | 0 0 0 0 0 0 0 0 |
7 | Allocation Lenath (MSB) |
8 | Allocation Length (LS3) i
9 ] Q 0 Q Q 0] 0 | Flag | Link |

The READ DATA BUFFER Command is used in conjunction with the WRITE
DATA BUFFER command as a diagnostic function for testing the target's
data buffer memory and the SCSI bus integrity. The medium shall not
be accessed during the execution of this command.

The Allocation Length specifies the number of bytes that the initiator
has allocated for returned READ DATA BUFFER data. An Allocation

Length of 2ero indicates that no READ DATA BUFFER data shall be
transferred. This condition shall not create the Check Condition

status. Any other value indicates the maximum number of bytes to be
transferred. This data is to be used by the initiator for comparison .
with the data pattern sent during the WRITE DATA BUFFER command. Up {; .
to 65,535 bytes may be requested to be transferred, consisting of fouls™
bytes of header and up to 65,531 bytes of data.

A6918 €V /83 COC Femtasm s ®
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If the Allocation Length is greater than the Available Length (from
READ DATA BUFFER Header), only the Available Length shall be
transferred to the initiator.. It shall not be considered an error to
request an Allocation Length less than the Available Length.

The target shall terminate the DATA IN phase when allocation length
bytes have been transferred or when all available READ DATA BUFFER
data have been transferred to the initiator, whichever is less.

The READ DATA BUFPFER containg a four byte header, followed by the READ
DATA BUFFER data. _

TABLE 7-30. READ DATA BUFFER HEADER

BIT| 7 | . 6 | 5 | 4 | 3 | 2 | 1 | 0 |
BYTE | | | l | ! ! i |
0 | Reserved ]
1 | Reserved |
.2 { Available Length (MSB) !
3 i Available Length (LSB) |
4-n | Buffer Data Bytes I

Some targets may coptionally try to detect whether buffer data is
changed between a WRITE DATA BUFFER and a READ DATA BUFFEER command.
If that target detects that buffer data was changed, the target shall
create CHECK CCNDITION status with a Sense Key of Miscompare. In
this case no data shall be transferred to the initiator.

To avoid corruption of data, it is recommended that the inmnitiator do
one of the following:

L. 1issue the RESERVE UNIT command pricr to the WRITE DATA BUFFER
command and issue RELEASE UNIT command after the READ DATA BUFFER
command.

2. select without allowing disconnection and 1ink the WRITE DATA
BUFFER and READ DATA BUFFER commands together. '

The Available Length of data bytes returned by the tarzget may be up
to 65,531 bytes (64k bytes minus 4 byte header) or the target maxinmum
buffer size, whichever is less. CDC products shall support an
Available Length of one logical block or larger. If the Allocation
Length of CDB is too small to transfer all of the Available Length,
the Available Length shall not be adjusted to reflect the trunctation.
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7.3 Group 2 Commands for All Device Typeé

The Group 2 commands (operation codes 40H
for future standardization.

7.4 Group 3 Commands for All Device Types

The Group 3 commands (operation codes 60H
for future standardization.

7.5 Group 4 Commands for All Device Types

The Group 4 commands (operation codes 80H
for future standardization.

7.6 Group 5 Commands for All Device Types

w The Group 5 commands with operatlon codes
B . for future standardization.

7.7 Group 6 Commands for All Device Types
m The Group 6 commands (operation codes COH
s for proprietary CLC manufacturing usage.
m use these functions. ;

7.8 Group 7 Commands for All Device Types

s The Group 7 commands (operation codes EOH
B reserved.

\AB913 REV. /83 CDC
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through 5FH) are all reserved

throgqh 7FH) are all reserved

through 9FH) are all creserved

ACH through BFH are reserved

through DFH) are all reserva
Customers should not attempti: -

through FFH) are all CDC

0
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8.0 COMMAND DESCRIPTIONS FOR DIRECT-ACCESS DEVICES
8.1 Group O Commands for Direct-Access Devices

The Group O commands for direct-access devices shall be as shown in Table

8-1.
TABLE 6-1. GROUP O COMMANDS FOR DIRECT-ACCESS DEVICES
OPERATION
CODE TYPE __ COMMAND NAME SECTION
P ocH M TEST UNIT READY 7.1.1
- 01H M REZERO UNIT 8.1.1
02H R
03H M REQUEST SENSE C7.1.2
04H M FORMAT UNIT 8.1.2
05H R
06H R .
) ® 074 M REASSIGN BLOCKS 8.1.3
/ ‘ 08H M READ 8.1.4
0SH R
OAH » WRITE ' 8.1.5
o CBH M SEEK 8.1.6
OCH R :
ODH R
OEH R
OFH R
10H R
11H R
» 12H M INQUIRY 7.1.3
13H R :
14H R
» 15H M MODE SELECT 8.1.7
n 16H M RESERVE 8.1.8
™ 174 M RELEASE 8.1.9
18H 0 COPY 7.1.4
19H R
™ '~ 1aH M MODE SENSE 8.1.10
1BH 0 START/STOP UNIT 8.1.11
1CH o) RECEIVE DIAGNOSTIC RESULTS 7.1.5
™ 1DH M SEND DIAGNOSTIC 7.1.6
1EH o) PREVENT/ALLOW MEDIUM REMOVAL 8.1.12
1FH R

v: (Type definitions are defined in 6.1.2)

Command implementation is mandatory.

Command implementation is optional.

Operation code is reserved for future standardization.

WOoXo
]
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8.1.1 REZERO UNIT Command (OlH)

Peripheral Device Type: Direct Access
] Operation Code Type: Mandatory

TABLE 8-2. REZERO UNIT CCMMAND

BIT| 7 | 6 | 5 ] 4 ] 3 | 2 | 1 | 0 i
BYTE ] ] ] ! | i ] |
0 0 o] - 0] - Q 0 Q 6] 1 |
1 | Logical Unit Number ] 0 0] 0 0 0 |
2 1 0 0 0 0 0 0 0 0 |
3 | Q 0 0 0 (o] 0 0 ] ]
4 | 0 0 0 Q 0 Q 0 0 ]
5 | 0 0 0 0 0 0 | Flag | Link |

m The REZERO UNIT command (Table 8-2) requests that the target set
m the logical unit to logical block address zero.

8.1.2 FORMAT UNIT Command (04H)

e

Peripheral Device Type: Direct Access
Operation Code Type: Mandatory

TABLE 8-3. FORMAT UNIT COMMAND

BIT] 7 | 6 | 5 | 4 | 3 ] 2 | 1 | 0 |
BYTE | { | | l ! I ! |
0 ] 0 0 0 C 0 1 0 Q |
1 | Logical Unit Number | FmtData]| CmpLst]| Defect List Format |
_2 0 0 0 0 0 0 0 0 |
3 Interleave (MSB) |
4 | Interleave (LSB) 1
5 | 0 0 0 0 0 0 0 0 !

The FORMAT UNIT command (Table 8-3) ensures that the medium is

m formatted so that all of the user addressable data blocks can be
accessed. There is no guarantee that the medium has or has not been
altered. 1In addition, the medium may be certified and control
structures be created for the management of the medium and defects.

. The FCRMAT UNIT command shall be rejected with RESERVATICON CONFLICT
status if any extent (see 8.1.8.2) in the specified logical unit is
reserved.

ag91s AEY. /83 COC Frnted n
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A Format Data (FmtData) bit of one indicates that format data is
supplied during the DATA OUT phase. The defect list included with
this data specifies the defects that shall be entered into the defect
map. The format of the defect list is determined by Defect List
Format field. A FmtData bit of zero indicates that the DATA QUT
phase shall not occur (no defect data shall be supplied by the
initiator).

A Complete List (CmpLst) bit of one indicates the data supplied is
to be the complete list of Growth defects. Any previous Growth or
Certification defect data shall be erased. The target may add to
this list as it formats the medium. The result is to purge any
previous Growth or Certification defect list and to build a new
defect list. A CmpLst bit of zero indicates that the data supplied
is in addition to existing Growth defect list.

The use of the P and C defect lists is controlled by byte 1 of the
defect list header (See figure 8-5).

The Defect List Format field specifies additional information related
to the defect list. (See Table 8-4 for further information.)

The Interleave field requests that the logical blocks be related in a
specific fashion to the physical blocks to facilitate speed

matching. An interleave value of z2ero requests that the target use
its default interleave. An interleave value of one reguests that
consecutive logical blocks be placed in comnsecutive physical order.
Values of two or greater indicate that one or more (respectively)
physical blocks separate consecutive logical blocks.

The definitions listed below are needed to help in understanding the
alternatives listed in Table 8-4.

= Primary Defect List: The list of defects supplied by the original
manufacturer of the disk (and stored within the peripheral).

= Certification Defect List: The defects that are £found by the
target controller during a FORMAT UNIT command.

= Growth Defect List: The defects detected after the disk has been

used to store and retrieve data. These include defects automatically

reallocated by the target, by a REASSIGN BLOCKS command, or by a Data

Defect List of a p;evious FORMAT UNIT command.

= Data Defect List: This list is supplied to the target by the
initiator in the Data Out phase of a FORMAT UNIT command.

Panteq in
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TABLE FORMAT UNIT COMMAND VARIATIONS
BIT REFERENCE
4 3 2 1 0 X = Bit ignored by target. Recommend
Fmt Cmp Defect List , that the initiator send a zero.
Data List Format COMMAND
L | | | | TYPE COMMENTS
a O X X X X Mandatory No Data Out phase (no defect list
- P+C " header, no defect descriptors).
CDC products will use P and C
defect types.
a 1 0 0 X X Mandatory Defect List Length must be zero
with G but four byte header is sent.
See Note 1.
2 1 1 0 X X Mandatory
erase G
i 1 0 0 X X Not Non-zero Defect List Length is
a1 1 0 X X Supported unsupported bv CDC products.
i 1 0 1 0 o] Optional Defect Descriptors in Bytes From |
G + D Index Format (see Table 8-6). N
Defect List Length must be a
a 1 1 1 0 0 Optional multiple of 8. See Note 1.
D
s 1 0 1 0 1 Optional Defect Descriptors in Physical
G + D Sector Format (see Table 8-7).
Defect List Length must be a
@ 1 1 1 o] 1 Optional multiple of 8. See Note 1.
D
a 1 0 1 1 0 Optional Defect Descriptors in Product
G + D Unique Format. See product
specification. See Note 1.
s 1 1 1 1 o] Optional
D
1 X 1 1 1 Reserved
NOTE 1: Byte 1 of the Defect List Header determines if the P and C
defects are used or ignored.
NOTE 2: Each CDC p:odutt is required to support one of the three

A8912 TEY. /83 COC

Defect List Format codes (Bytes From Index, Physical Sector,
Vendor Unique) listed as optional in this Table.
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The defect lists shown in Tables 8-6 and 8-7 contain a four-byte header
followed by one or more defect descriptors. The length of the Defect
Descriptors vary with the format of the defect list.

The Defect List Length in each table specifies the total length in
bytee ¢f the defect descriptors that follow. In Tables 8-6 and 8-7 the
Defect List Length is equal to eight times the number of defect
descriptors.

w@ TABLE 8-5. DEFECT LIST HEADER (All List Types)

BIT | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
BYTE | | | | ] | | | !
Defect List Header
0 ] Reserved |
1 | Fov | DPRY | DCR | sTPP | Reserved |

_2 ] Defect List Length (MSB)
3 L Defect List Length (LSB) |

Defect Descriptor(s)
O-u__ | Defect Descriptor Bvytes

The Format Options Valid (FOV) bit, when set to one, enables the
DPRY, DCRT, and STPF bits. The other bits are ignored when this bit
is a zero. The CDC default when the FOV bit is zero is:

o DPRY bit equal to zero,

e DCRT bit equal to zero,

o STPF bit equal to zero.

The Disable Primary List (DPRY) bit, when set to one, asks that the
flaws from the Primary defect list not be deallocated during
formatting. When set to zero,the flaws f£rom the Primary Defect List
shall be deallocated during formatting. The Disable Ceztification
(DCRT) bit, when set to one, asks that certification not be performed
during formatting. When set to zero, certification is allowed during
formatting. The Stop Format (STPF) bit, when set to one, reaquests
that formatting be terminated if an error is encountered in accessing
a defect list or if the target runs out of spare locations for
defects. The target shall create Check Condition status with Medium
Error Sense Xey. When set to zero, formatting shall continue if an
error in accessing a defect list is encountered or if the target runs
out of spare lcoccations for defects. After completion of formatting,
the target shall create Check Condition status with Recovered Error
Sanse Key.

Support for FOV, DPRY and STPF bit functions is mandatory for CIC
products. Support of the DCRT bit is required only if the product
does certification during format.

Senrea A
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TABLE 8-6. DEFECT LIST - BYTES FROM INDEX FORMAT

| 2 | 1 | o]
| L | ! |
_Defect List Header

Reserved :

FOV__| DPRY | DCRT | STPF | Reserved

Defect List Length (MSB)

Defect List Length (LSB)

Defect Descriptor(s)

Cylinder Number of Defect (MSB)
Cvlinder Number of Defect
Cylinder Number of Defect (LSB)
Head Number of Defect
Defect Bytes from Index (MSB)
Defect Bvtes from Index
Defect Bvtesg f-om Index
Detect Bytes from Index (LSB)

BIT| 7 | & | s | &4 | 3
] ] | |

S G .-

\!a\mhwlwlt—do wlwe—-'o lg

—— W — — i N

= Byte 1 of header is described in Table 8-5. The Defect List Format
m field must be 100 (binary) for this description to apply.

Each Defect Descriptor for the bytes from index format specifies -
the beginning of an eight-byte defect location on the medium. Each T
defect descriptor is comprised of the Cylinder Number of Defects,

the Head Number of Defect, and the Defect Bytes from Index.

The Defect Descriptors shall be in ascending order. For
determining ascending order, the Cylinder Number of Defect is
considered the most sigificant part if the address and the Defect

Bytes from Index is considered the least significant part of the
address.

a A value for Defect Bytes From Ihdex of FFFFFFFFH is illegal for CDC
products.

8918 REV. /83 COC , Semien ot
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TABLE 8-7 DEFECT LIST - PHYSICAL SECTOR FORMAT

BIT | 7 | 6 | 5 | 4 | 3 | 2 | 1l | o] |

BYTE | ] | | | | | ! |
Defect List Header

0 L Reserved |

| = 1 | Fov ! DPRY | DCRT | STPF | Reserved |-

_2 | Defect List Length (MSB) !

3 | Defect List Length (LSB) }

Defect Descriptor(s)
Cvlinder Number of Defect (MSB)
Cylinder Number of Defect
Cylinder Number of Defect (LSB)
Head Number of Defect
Defect Sector Number (MSBH)
Defect Sector Number

Defect Sector Number .
{ Defect Sector Number (LSB)

@ Byte 1 of header is described in Table 8-5. The Defect List Format
m field must be 101 (binary) for this description to apply.

Each Defect Descriptor for the physical sector format specifies a
sector size defect location comprised of the Cylinder Number of
Defect , the Head Number of Defect, and the Defect Sector Number.
The Defect Descriptors shall be in ascending order. For
determining ascending order, the Cylinder Number of defect is
considered the most significant part of the address and the Defect
Sector Number is considered the least significant part of the
address.

m A Defect Sector Number of FFFFFFFFH is 1llegal for CDC products.

‘‘‘‘‘‘
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Direct Access and Write-Once Read-Multiple

= Operation Code Type: Mandatory
TABLE 8-9. REASSIGN BLOCKS COMMAND
BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
BYTE | | ] il ] ] | L
0| o 0 ) ) 0 1 1 1
-1 | Logical Unit Numbecr L o 0 o o] 0
_2 | 0 0 0 0 ) 0 0 0
3 ] 0 (0] Q 0 Q ] 6] 8]
4 | 0 Q0 0 0 O 0 Q 0
5 | aQ (0] o] 9] Q 0 | Flag | Link

Thé REASSIGN BLOCKS command (Table 8-9) requests the target to

reassign the defective logical blocks to an area on the logical unit

reserved for this purpose.

The initiator transfers a defect list that contains the logical block

addresses to be reassigned.

The target shall reassign the physical

medium used for each logical block address in the list. The data

Address(es).

issuing this command.

contained in the logical blocks specified in the defect list may or
may not be preserved, but the data in all other logical blocks on the
medium shall be preserved. t is recommended that the initiator
recover the data from the logical block(s) to be reassigned before
After completion of this command, the
initiatecr can write the recovered data to the same Logical Block

The effect of specifving a logical block to be reassigned that

previously has been reassigned is to reassign the block again.
a logical block can be assigned to
multiple physical addresses (until no more spare locations remain on

over the life of the medium,

the medium).

The REASSIGN BLOCKS defect list (Table 8-10) contains a four-byte
header followed by one or more Defect Descriptors.
each Defect Descriptor is four bytes.

The length of

The Defect List Length specifies the total length in bytes of the

Defect Descriptors that follow.

four times the number of Defect Descriptors.

\AB914 AEV. /83 COC

The Defect List Length is equal to

Thus,
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TABLE 8-10. REASSIGN BLOCKS DEFECT LIST
BYTE | DEFECT LIST HEADER |
0 ] Reserved |
L ! Reserved |
-2 | Defect List Length (MSBH) !
3 i Defect List Length (LSB) !
Defect Descriptor(s)
c J Defect Logical Block Address (MSB) {
1 : Defect Logical Block Address |
2 Defect Logical Block Address ;
3 Defect Logical Block Address (LSB) |

The Defect Descriptor specifies a four-byte Defect Logical Block
Address that contains the defect. The Defect Descriptors shall be
in ascending order.

I1f the logical unit has insufficient capacity to reassign all of
,( ) the defective logical blocks, the command shall terminate with a
' CHECK CONDITION status and the sense key shall be set to MEDIUM
ERROR. The logical block address of the first logical block not
reassicned shall be returned in the information bytes of the sense
data.

§.1.4 READ Command (08H)
Peripheral Device Type: Direct Access

Operation Code Type: Mandatory

TABLE 8-11. READ COMMAND

BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
BYTE | J | ! | } ! !
0 0 0 Q (o] 1 o 0 a |
1 Logical Unit Number Logical Block Address (MSB) |
2 Logical Block Address |
3 l Logical Block Address (LSB) |
4 | Transfer Length |
5 | 0 Q 0 0 0 0 | Plag | Link |
(”» The READ command (Table 8-1l) requests that the target transfer
W data to the initiator.

The Logical Block Address specifies the logical block at which the
read operation shall begin.

a6e1e TEY. VI COC Srntea 0 U S
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The Transfer Length specifies the number of contiguous logical blocks
of data to transferred. A Transfer Length of zero indicates that 256
logical blocks shall be transferred. Any other value indicates the
number of logical blocks that shall be transferred.

The most recent data value written in the addressed logical block
shall be returned.

This command shall be terminated with a RESERVATION CONFLICT status
if any reservation access conflict (see 8.1.8) exists and no data
shall be read. '

If any of the following conditions occur, this command shall be
terminated with a CHECKX CONDITION status, and if extended sense is
implemented, the Sense Key shall be set as indicated in the following
table. This table does not provide an exhaustive enumeration of all
conditions that may cause the CHECKX CONDITION status.

CONDITICN SENSE KEY

Invalid Logical Block Address ILLEGAL REQUEST (see note) o
Target reset or medium change since' é,/
last command from this initiator 7 UNIT ATTENTION )
Unrecoverable read error MEDIUM ERROR

Recovered read error ' RECOVERED ERROR

Overrun or other error that might
be resolved by repeating the command ABORTED COMMAND

NOTE: The extended sense Information Bytes shall be set to the
Logical Block Address of the first invalid address.

AB918 REY. /83 CDC Fneteg v 3
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8.1.5 WRITE Command (OAH)

Peripheral Device Type: Direct Access
Cperation Code Type: Mandatory

TABLE 8-12. WRITE CCMMAND

BIT| 7 i ( i |3 ! 4 ! z X Z ! L ! ¢
BYTE | | L | | i i !
.0 ] Q O 0 8] B o) 1 0 !
1 Logical Unit Number Logical Block Address (MSB) l
2 ] Logical Block Address |
3.1 Logical Block Address (LSB) {
4 ' Transfer Length |
5 0 Q 9] Q 0 0 | Flag | Link |

The WRITE command (Table 8-12) requests that the target write the
data transferred by the initiator to the medium.

- The Logical Block Address specifies the logical block at which the
’ﬁ write operation shall begin.

The Transfer Length specifies the number of contiguous logical blocks
of data to transferred. A Transfer Length of zero indicatess that 2586
logical blocks shall be transferred. 2Any other value indicates the
number of logical blocks that shall be transferred.

This command shall be terminated with a RESERVATION CONFLICT status
if any reservation access conflict {(see §.1.8) exists and no data
shall be written.

1f any of the following conditions occur, this command shall be
terminated with a CHECX CONDITION status, and if extended sense 1is
implemented, the Sense Key shall be set as indicated in the following
table. This table does not provide an exhaustive enumeration of all
conditions that may cause the CHECX CCNDITION status.

CONDITICN SENSE KEY
Invalid Logical Block Address ILLEGAL REQUEST (see note)

Target reset or medium change since
last command from this initiator UNIT ATTENTION

Overrun or other error that might
be resolved by repeating the command ABORTED COMMAND

(j‘ NCTE: The extended sense Information Bytes shall be set to the
\‘«‘ " "

Logical Block Address of the first invalid address. 1In this
case, no data shall be written on the logical unit.
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8.1.6 SEEK Command (OBH)
Peripheral Device Type: Direct Access, Write-Once Read-Multiple,
and Read-Only Direct -Access
m Operation Code Type: Mandatory

TABLE 8-13. SEEK COMMAND

BTT| 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
BYTE | | ] | | | | | |
o | o 0 0 0 1 0 1 1|
1 | Logical Unit Number | Logical Block Address (MSB) ]
-2 ! Logical Block Address |
3 ] Logical Block Address (LSB) |
4 Q Q 0 0 Q 0 0 0|
5 0 0 0 0 0 0 | Flag | Link |

The SEEK command (Table 8-13) requests that the loglcal unit seek to
the specified Logical Block Address.

A891¢ REV. /93 COC Breig e L
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8.1.7 MODE SELECT Command (Ll5H)

2 88 A8 EB8d

Peripheral Device Type: Direct Access
QOveration Code Type: Mandatory

TAZLE 3-14. MODE SZLECT CCMMMAND

BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
BYTE | | i ] ! ! ! |
c__1 0 0 a 1 C 1 0 1
1 | Uogical Unit Number | Q o 0 0 |___sup
2 0 Q 0 Q G g Q 0
3 | 0 Q Q 0 g g g 9]
4 { Parameter List Length
_5 | Q g g Q_ a g | FPlag | Linx

The MODE SELECT command (Table 8-14) provides a means for the
initiator to specify medium, logical unit, or peripheral device
parameters to the target. .

The Save Mode Parameters (SMP) bit, when set to cne, reguests that
the target save the saveable pages. Pages 3 and 4 may only be stczed
during FCEMAT commands, so they cannot be saved via a MODE SELECT
command. The target must update the Current mode values with
parameters iacluded with this command, save the Current values of the
saveable parameters, and report GCOD status only after the save
operation is completed. The Saved parameters shall not be changed 1i:
an error is detected during the MCDE SELECT command. When the SMF
bit is set to zero, the Saved parameter values will not be changed.

Suppozt for Saved parameters is optional for CDC products. I£ ths
S¥P bit is set and Saved parametars arze not supported, the tazget
shall return CHEECX CCNDITION status with ILLEGAL REQUEST Sense Xev.

The Parameter List Length specifies the length in bvtes of the MCDE
SELECT parameter list that shall be transferred duzing the DATA OUT
phase. A Parameter List Length of zero indicates that no data shall
be transferred. This condition shall not be considered as an ercor.

The MODE SELECT parameter list (Table 8-15) contains a four-byte
header, followed by zero or one block descriptor, followed by the
pages of MODE SELECT parameters.
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TABLE 8-15. MODE SELECT PARAMETER LIST
BIT| 7 | 6 | 5 | 4 .| 3 | 2 | 1 | 0 !
3vTE | ! ] ! f ! ! ! i
0 ! Rsservyad (all zaros) i
B | Medium Tvma i
2 | Reserved (all z=2ro03) !
3 | 3lock Descziptor Length |
Block Descrivtor(s)
9 | Densitvy Code i
S S Number of Blocks (MSB) |
-2 | Number of Blocks }
3 ! Number of Blocks (LS3B) !
4 | Reserved (all zeros) !
5 { Block Length (MSB) !
8 | Block Lengta |
7 | Block Length (LSB) |
= Parameter Information
3 C-n | Mcde Select Page Headers !
= | and their parametars e
ke
3 All CDC hard magnetic disk and optical disk products shall cnly
a3 support COH in the Medium Type field.
The Block Descriptor Length specifies the length in bvtes cf the Block
a Descriptor. It is equal to the number of bytes in the Block Descripter
m (either 0 or 8) and does not include the page headers and mode
m parameters, 1f any. A Block Descriptor Length of zero indicates that
m no block descriptor shall be included in the parameter list. This
a condition shall not be considered as an error. CDC products will
a support one Block Descriptecr per LUN.

Each 3lock Descriptor specifies the medium characteristics for all oz
part of a logical unit. =ach Block Descriptor ccntains a Density
Code, a Number of Blocks, and a Block Length.

@ All CDC hard magnetic disk and optical disk products shall only
m support Q0H in the Density Code field.

The Number of Blocks field specifies the number of logical blocks cn

the medium that meet the Density Code and Block Length in the block
descriptor. A Number of Blocks of zero indicates that all of the
remaining logical blocks of the logical unit shall have the mediunm
characteristics specified by the Block Descriptor. 1I£ there is only q
one Block Descriprtor, a Number of Blocks of zero means all logical {:&
blocks of the logical uait shall have the medium characteristics e
specified by the Block Descriptor. _
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The Block Length specifies the length in bytes of each logical block
described by the Block Descriptor.

The rest of the MODE SELECT parameters are organized into pages that
group the parameters by function. The parameter definitions are the
same as those described in the MODE SENSE command (paragraph 8.1.10)
and will not be repeated here.

g B3ES8

mm TABLE 8-16 MODE SELECT PAGE DESCRIPTOR HEADER

ol
4
]

7 | [ | 5 | 4 | 3 | 2 | 1 | 0
| | ] ] | | |
Page Code
Page Length
Mode Parameters

%
H

o

Q
—
o

N
|

n

Each page of mode parameters begins with a two bvte Page Descriptor
Header. -The Page Code identifies which page of mode parameters 1is
being transferred. The Page.Length indicates the number of additional
bytes of mode parameters contained in this page. The number of
additional bytes sent must always match the Page Length value.

If the initiator sends mode parameter bytes that are not supported by
the target, the target will set CHECK CONDITION status with ILLEGAL
REQUEST Sense Key. The initiator mayvy only send mode parameters for
pages if the target supports Changeable parameters within that page.
The Page Length sent by the initiator must be the same as the Page
Length value received from the target during a MODE SENSE command with
PCF set to 01 (binary). CDC products may optionally support the
following Page Codes: . ’

[ ——

Page Code Description
00H Product Unigue. See individual prcduct specifications.
C1lH Error Recovery parameters.
02H Digconnect/Reconnect Control parameters.
03H Format parameters.
04H Rigid Disk Drive Geometry Parameters.

The initiator shall issue a MODE SENSE command requesting the target
to return all pages with Changeable values (see PCF field description
for MODE SENSE command) prior to issuing any MODE SELECT commands.
This allows the initiator to correctly determine which pages are
supported, the proper length for those pages, and which parameters in
those pages may be changed for that Logical Unit Number.

[ ———
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€.1.8 RESERVE Command (1l6H)

Peripheral Device Type: Direct Access, Write-Once Read-Multiple,
and Read-Only Direct Access
Operation Code Type: Mandatory

TABLE 8-17. RESERVE COMMAND

BIT] 7 | 6 | 5 | 4 ] 3 | 2 | 1l | 0] R
BYTE | = 1 | | ] | | i |
0 0 0 0 1 - 0 1 1 0|
1 | Logical Unit Number | 3rdPty| Third Party Device ID | Extent]|
-2 Reservation Identification : |
3 Extent List Length (MSB) |
4 | Extent List Length (LSB) |
5 | 0 0 0 Q » 0 0 | Flag | Link |

The RESERVE command (Table 8-17) is used to reserve logical units or,
if the extent reservation option is implemented, extents within logical
units for the use of the initiator. If the third party reservation
option is implemented, the logical units or extents may be rese:zved for

another specified SCSI device. The RESERVE and RELEASE conmmands 5”
provide the basic mechanism for contention resolution in. € )
multiple-initiator systems. .

8.1.8.1 Logical Unit Reservation

AG914 REV /83 CDC Gromrey

If the Extent bit is zero, this command shall request that the entire
logical unit be reserved for exclusive use of the initiator until the
reservation is superceded by another valid RESERVE command from the
initiator that made the reservation, released by a RELEASE command from
the same initiator, by a BUS DEVICE RESET message from any initiator,
or by a "hard" RESET condition. A logical unit reservation shall not
be granted if any extent or logical unit is reserved by another
initiator or if any extent with a read shared reservation type 1is
reserved by this initiator. It shall be permissible for an initiator
to reserve a logical unit that is currently reserved by that
initiator. 1If the Extent bit is zero, the Reservation Identification
and the Extent List Length shall be ignored.

If the logical unit, or any extent within the logical unit is reserved
for another initiator, the target shall respond by either:

1. Returning a RESERVATION CONFLICT status.
2. Queuing the reservation request and then disconnecting until all

previously queued reservations have been released and the logical
unit is available, then reconnecting to perform the resecvation.

i

I1f, after honoring the reservation, any other initiator then
subsequently attempts to perform any command on the reserved logical
unit other than a RESERVE command, which may be gqueued, or a RELEASE
command, which shall be ignored, then the command shall be rejected
with RESERVATICN CONFLICT status. '
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8.1.8.2 Extent Reservation

CDC products will not support Extent reservations. This bit must
always be zero. Since the Reservation Identification byte and the
Extent List Length are only valid £or extent rescrvaticns, CODO
products will ignore these fields.

8.1.8.3 Third Party Reservation

!

All CDC products will support the third party reservation cption.

The third-party reservation option for the RESERVE command allows an
initiator to reserve a logical unit or extents within a logical unit
for another SCS1 device. This option is intended for use in
multiple-initiator systems that use the COPY command. Any target that
implements the third-party reservation option shall alsc implement the
third-party release option (see 8.1L.9.3).

If the third-party (3rdPty) bit is zero, then the third-party
reservation option is not requested. If the 3rdPty bit is one and the
third-party creservation option is implemented, then the RESERVE command
shall reserve the specified logical unit or extents for the SCSI device
specified in the third-party device ID £ield. The target shall
preserve the reservation until it is superceded by another wvalid
RESERVE command from the initiator that made the reservation or until
it is released by the same initiator, by a BUS DEVICE RESET message
from any initiator, or a "hard" RESET condition. The target shall
ignore any attempt to release the reservation made by any other
initiator.

8.1.8.4 Superceding Reservations

— —
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An initiator that holds a current reservation may modify that
reservaticen by issuing another RESERVE command to the same logical unit
and, 1if the extent bit is one, using the same reservation
identification. The superceding RESERVE command shall celease the
previous reservation state when the new reservation request is

granted. The previous reservation shall not be modified if the new
reservation request cannot be graated. If the superceding reservation
cannot be granted because of conflicts with a previous active
reservation (other than the reservation belng superceded) then the
target shall either:

(1) return RESERVATION CONFLICT status

(2) queue the reservation request and disconnect until it is allowed to
be active. The reservation request shall be made active when it is
free from conflict with all resrvations. A superceding reservation
takes place over any previously queued reservation request.

IMPLEMENTORS NOTE: Superceding reservations are principally intended
to allow the SCSI device ID to be changed on a reservation using
third-parcty reservation option. This capability is necessary for
certain situations when using the COPY command.
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8.1.9 RELEASE Command (17H)

Peripheral Device Type: Direct Access, Write-Once Read-Multiple,
and Read-Only Direct Access
= Operation Code Type: Mandato:zry

- TABLE 8-18. RELEASE COMMAND

BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 ]
BYTE | ] | | | | 1 ] !
0 | Q 0 0 1 0 1 1 1 |
1 | Logical Unit Number | 3rdPty| Third Party Device ID | Extent]
_2 | Reservation Identification !
3 | Q Q 0 G 0 0 Q0 a |
4 | Q 0 o] 0 0 0 0 0 ]
5 | o 0 o) 0 0 0 | Flag | Link |

The RELEASE command (Table 8-18) is used to release previously
reserved logical units, or, if the extent release option is
implemented, previously reserved extents within logical units. It is
not an error for an initiator to attempt to release a reservation
|  that is not currently active. 1In this case, the target returns GOOD
| status without altering any other reservation. '

~ 8.1.9.1 Logical Unit Release

If the extent bit is zero, the RELEASE command shall cause the target
to terminate all logical unit and extent reservations that are active
from the initiator to the specified logical unit.

8.1.9.2 Extent Release

m CDC products wWwill not support extent reservations. This bit must
@ always be zero. Since the Reservation Identification byte is only
m valid for extent reservations, CDC products will ignore this byte.

8.1.9.3 Third Party Release

m All CDC products will support the third party release option.
The third-party release option for the RELEASE command allows an
initiator to release a logical unit or extents within a logical unit
that were previously reserved using the third-party reservation
option (see 8.1.8.3). This option shall be implementated if the
third-party reservation option is implemented. This option is

intended for use in multiple-~-initiator systems that use the COPY
commang. d
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If the third-party (3rdPty) bit is zero, then the third-party release
option is not-requested. If the 3rdPty bit is one and the target
implements the third-party release option, then the target shall
release the specified logical unit or extents, but only if the
reservation was made using the third-party reservation option by the

| initiator that is requesting the release and for the same SCSI device
as specified in the third-party 1D field.

8.1.10 MODE SENSE Command (lAH)

Peripheral Device Type: Direct Access

E Operation Code Type: Mandatory

‘ TABLE 8-19. MODE SENSE COMMAND
BIT| 7 | 6 | 5 i 4 ] 3 | 2 | 1 | 0 |
BYTE | | ! | | | ! A |
Q | 0 0 Q 1 1 o - 1 0 |
L | Logical Unit Number | 0 0 0 o o] |
| m _2 PCF | Page Code |
3 O Q Y] o Q Q 0 0 |
4 | : Allocation Length |
5 i Q 0 0 0 0 0 | Flag | Link |

The MODE SENSE command (Table 8-19) provides a means for a target to
report its medium, logical unit, or peripheral device parameters to
the initiator. 1It is a complementary command to the MCDE SELECT
command for support of medium that mavy contain multiple block lengths
or densities.

A391a REY. /83 COC Panten n L 3
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The Page Control Field (PCF) defines the type of mode parameter
values to be returned. The target shall return the same Page Length

for each supported page regardless of the value in the PCF. The
field is defined as follows:

Bit 7 Bit 6

0 0 Return Current values. The Current values are the
values currently being used by the target to control its
operatiom. After a Power Cn Reset, a hard RESET, or a
BUS DEVICE RESET message the Current values will be
equal to the Saved values (if Saved values are supported
and can be retrieved) or the Default values (if Saved
values aren't supported or cannot be retrieved). The
Current value of a parameter is updated whenever a MODE
Select command that changes that parameter ends with
GOOD status being returned.

EaseseaBBREl A

0 1 Return Changeable values. The changeable values of any
page 1is a mask that indicates which parameters may be
changed via a MODE SELECT command and which parameters
may not. Each returned parameter byte shall contain

ones where a f£ield or bit may be changed and zeros where
a field or bit may not be changed.

1 0 Return Default values. The Default values are the
values a target will set the Current values to after a
reset condition unless valid Saved values are available.

1 1 Return Saved values. The Saved values are the values a
target stores in non-volatile memory. The Saved values
of any changeable parameter can be set via a MODE SELECT
command. For nonchangeable parameters, the Default
value will be used. Support for Saved paranmeter values
is optional for CDC products.

| m The Block Descriptor will contain its normal values regardless of the

| m wvalue of the PCF. Unsupported firlds or bits within a page will be
| = recturned as zeros for all PCF values.
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m The Page Code allows the initiator to select one or all of the pages
| @ of Mode parameters supported by the target. Page Codes which may be
m supported by CDC products are listed here:
= Page Code Description
B 00H - Product Unique. See individual product specifications.
4] O01lH Error Recovery parameters.
a 02Z2H Disconnect/Reconnect Control parameters.
[ C3H Format parameters.
| = 04H Rigid Disk Drive Geometry parameters.
| m 3FH Return all supported pages.

The Allocation Length specifies the number of bytes that the initiator
has allocated for returned MODE SENSE data. An Allocation Length of
2ero indicates that no MODE SENSE data shall be transferred. This
condition shall not be considered as an error. Any other value
indicates the maximum number of bytes that shall be transferred. The
target shall terminate the DATA IN phase when allocation length bytes
have been transferred or when all available MODE SENSE data has been
transferred to the initiator, whichever is less.

The MCDE SENSE data (Table 8-20) will always include a four-byte header,
followed by one eight-byvte block descriptor, fcllowed by the requested
@ page or pages of MODE SENSE parameters.

i
B8
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TABLE 8-20. MODE SENSE DATA

PR SUUY SUNS VNS SR SRS

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
| | 1 | | | |
Sense Data Length
Medium Tvpe
we__ | Reserved (all zergs)
Block Descriptor Length
Block Descriptor(s)
Density Code
Number of Blocks (MSB)
Number of Blocks
Number of Blocks (LSB)
Reserved (all zeros)
Block Length (MSB)
Block Length
Block Length (LSB)
@ Parameter Information
Mode Select Page Headers |

and their parameters {

-3 td
(e S]]

! - o
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The Sense Data Length specifies the length in bvtes of the following
MODE SENSE data that is available to be transferred during the DATA
IN phase. The Sense Data Length does not include itself.

@ All CDC hard magnetic disk and optical disk products shall only
s support OO0H in the Medium Type f£ielgd.

A Write Protected (WP) bit of zero indicates that the medium is write
enabled. A WP bit of one indicates that the medium is write
protected.

The Block Descriptor Length specifies the length in bytes of the Block
m Descriptor. It is equal to the number of bvtes in the Block Descriptor
(8) and does not include the page headers and mode parameters, 12
@ any. CDC products will send one Block Descriptor per LUN.

Each Block Descriptor specifies the medium characteristics for all or
part of a logical unit. Each Block Descriptor contains a Density
Code, a Number of Blocks, and a Block Length.

m All CDC hard magnetic disk and optical disk products shall only
m support OOH in the Density Code field. '

The Number of Blocks field specifies the number of logical blocks of
the medium that meets the Density Code and Block Length in the Block /[ ~
Descriptor. A Number of Blocks of zero indicates that all of the gt o
- remaining logical blocks of the logical unit have the medium g
characteristics specified by the Block Descriptor.

Ag914 REY /83 COC Srmega o~ 3
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The Block Length specifies the length in bytes of each logical block
described by the Block Descriptor.

mw TABLE 8-21 MODE SENSE PAGE DESCRIPTOR HEADER

BIT|] 7 1 6 1 & 1 & 1 3 1 =2z 1 1 1 ¢
] ] | ! |
PS | 0 | Page Code
Page Length
_2-n | Mode Parameters

o
-k

Each page of mode parameters (for the MODE SENSE command) begins with
a two byte Page Descriptor Header. The Page Code identifies which
page of mode parameters is being transferred. The Page Length
indicates the number of additional bytes of mode parameters being sent
by this target. Multiple pages of mode parameters may be transferred
in one MODE SENSE data in phase (using page code 3FH).

The Parameters Saveable (PS) bit, when set to one, indicates that the
page contains Saved parameters. Since the support of Saved values is
optional, refer to individual product specifications to see which
parameters are saved. When the PS bit is set to zero, none of the
parameters Wwithin the page are saved. Since the parameters within
pages 3 and 4 will always be saved during FORMAT commands (but not
via a MODE SELECT command with the SMP bit set to one), these pages
will return a one for the PS bit if these pages are supported.

EdeEHa8ssEEa

——— oy > o Sl A e—

Since support for mode parameters is optional, some CDC products
will return a Page Length that is shorter than the number of bytes
m defined in this specification.

ma TABLE 8-22 ERROR RECOVERY PAGE

BIT| 7 | 6 ] 5 | 4 { 3 | 2 | 1 | 0 |

BYTE | ! l | I | ! | |

| 9 1| Ps | 9) | 0 0 0 Q 0 1 |
L | Page Length |

_2 | AWRE | ARRE | TB | RC | EEC | PER | DTE 1| DCR |

3 1 Retry Count ]

4| Correction Span |

_5-7 | Reserved |

The Automatic . Write Reallocation of defective data blocks Enabled
(AWRE) bit, when set to one, allows the target to automatically
relocate bad blocks detected during write operations. This function
doesn't apply to the FORMAT UNIT command. When set to zero, the
target shall not perform automatic reallocation but shall create the
CHECK CONDITICN Status with Sense Key of MEDIUM ERROR instead.

A6914 AEV. 53 COC Orinieg m o d
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The Automatic Read Reallocation of defective data blocks Enabled
(ARRE) bit, when set to one, allows the target to automatically
relocate bad blocks detected during read operations. When set to
zero, the target shall not perform automatic reallocation but shall

create the CHECK CONDITION Status with Sense Xey of MEDIUM ERROR
instead.

The Transfer Block (TB) bit, when set to one., indicates that the.
failing data block shall be transferred to the initiator.
When set to zero, the failing data block shall not be transferred.

The Read Continuous (RC) bit, when set to one, requests the target to
transfer the requested data length without adding delays (for retries
or ECC correction) that may be required to ensure data integrity.

The target may send data that is erroneous in order to maintain the
continuous flow of data. This bit shall override the DTE bit if it

is set. When set to zero, recovery actions during data transfer are
allowed.

The Enable Early Correction (EEC) bit, when set to ocne, allows the
target to apply ECC correction as soon as possible, before the retry
count is exhausted. Seek error retries are not affected by this bit. \ ‘
When this bit is set, the DCR bit must be zero. When the EEC bit is 1 -~
set to zero, the target shall exhaust the retry count before applvying
ECC correction.

'

The Post Error (PER) bit, when set to one, indicates that the target
will report CHECX CCNDITICN status and appropriate Sense Key for any
recovered errors encountered. Reporting of unrecoverable errors will
have priority over Reporting of recoverable errors. When set to
zero, any errors recovered within the limits established by the other
Error Recovery Flags will not be reported. Any unrecoverable errors
will still be reported.

The Disable Transfer on Error (DTE) bit is only valid when the PER bit
is also set to one. TWhen the DTE bit is set to one, it indicates
that the target will terminate data transfer even for recoverable
errors. The setting of the TB bit determines whether the block in
error will be transferred. When DTE is set to zero, data transfer
will continue if recoverable errors are encountered. If the PER bit
is one and the DTE bit is zero, recoverable errors will be reported
after all data has been transferred.

] ) )
The Disable Correction (DCR) bit, when set to one, indicates that ECC
correction shall not be applied to the data even if correction is
possible. When set to zero, ECC correction shall be applied if
correction is possible.

s

The Retry Count is the maximum number of times that the target snouldé; -
attempt its read recovery algorithm. ‘
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The Correction Span is the size of the largest read data error, in
bits, on which ECC correction may be attempted. Data errors longer
than this span will be reported as unrecoverable errors.

mm TABLE 8-23 DISCONNECT/RECONNECT CONTROL PARAMETERS

BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
BYTE | | | ! |

0 PS - 0 0 (0] (0] Q 1 0

11 Page Length
—i L Buffer Full Ratio

3 Buffer Emptv Ratio

4 | Busg Inactivity Limit (MSB)
-5 1 Bus Inactivity Limit (LSB)

6 | Disconnect Time Limit (MSB)

7 1 Disconnect Time Limit (TLSB)

8 | Reserved (always zeros)

9 1 Reserved (alwavs zeros)

Both the ratio parameters are the numeratocr of a fractional
multiplier that has 256 as its denominator.

The Buffer Full Ratio indicates, on READ commands, how full the
target's buffer shall be prior to reconnecting. Targets that include
a larger granular buffer block size shall round down to the nearest
whole buffer block. ‘

The Buffer BEmpty Ratic indicates,
the target's buffer shall be priocr to reconnecting to fetch more
data. Targets that include a larger granular buffer block size shall
round up to the nearest whole buffer block.

on WRITE commands, how empty

The Bus Inactivity Limit field (bytes 4 and 5) indicates the time,
in 100 microsecond increments, that the target is allowed to assert
the BUSY signal without handshakes until it shall disconnect. The
target may round down to its nearest capable value. A value of zero
indicates that the target is allowed to maintain the bus busy
indefinitely without handshakes.

The Disconnect Time Limit field (bytes 6 and 7) indicates the minimum
time, in 100 microsecond increments, that the target shall remain

disconnected until it shall attempt to reconnect.
down to its nearest capable value.
target is allowed to reconnect immediately.

The target may round
A value of zero indicates that the
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am TABLE 8-24 FORMAT PARAMETERS

BIT| 7 | 6 | 5 ] 4 | 3 | 2 | 1 ] 0 |
BYTE | ] | ] 1 ] | |
l 0| PS 0 | .0 _ 0 0 0 1 1 |
1 | Page Length ‘ |
-2 1 Tracks per Zone (MSB) |
31 Tracks per Zone (LSE) '
4 | Alternate Sectors per Zone (¥SB) {
5 Alternate Sectors per Zone (LSB) |
6 | Alternate Tracks per Zone (MSB) |
7 1 Alternate Tracks per Zone (LSB) !
8_ | Alternate Tracks per volume (MSB) |
9__ | Alternate Tracks per volume (LSB) |
10 | Sectors per Track (MSB) |
11 Sectors per Track (LSB) |
12 Bvtes per Physical Sector (MSB) |
13 | Bytes per Physical Sector (LSB) |
14 | Interleave (MSB) |
15 | Interleave (LSB) |
16 | Track Skew Factor (MSR) |
17 | Track Skew Factor (LSB) |
18 | Cvlinder Skew Factor (MSB) v
19 | Cylinder Skew Factor (LSBE) | -
| 20 | SSEC | HSEC | RMB | SURF | INS | Reserved (alwavs zerc)|
21 | Reserved (always zero) |
22 1 Reserved (always zero) !
| m This page of parameters may only be sent immediately prior to sending
| @ a FORMAT UNIT command to the target. The Current parameters for this
| m page will be updated immediately but any changes between these
| m Current parameters and the existing media format will not be in
| m effect until after the FORMAT UNIT command is completed.
| m The Tracks per Zocne field indicates the number of tracks that the
| @ target will allocate to each defect management zone. Spare Sectors
| m or tracks will be placed at the end of each defect management zone.
| m A value of zero indicates that the entire unit will be taken as one
| m defect management zone.
| m The Alternate Sectors per Zone field indicates the number of spare
| m sectors that is to be reserved at the end of each defect management
| m zone. A value of zero indicates that no sectors are to be reserved
| = for defect management. This is to accommodate hosts that want to
| m manage the defects themselves.
| m The Alternate Tracks per Zone field indicates the number of spare
| m tracks that is to be reserved at the end of each defect management ~
| m zone. A value of zero indicates that no spare tracks are to be i
| m reserved in each zone for defect management. E@ -
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The Alternate Tracks per Volume field indicates the number of spare
tracks that is to be reserved at the end of the logical unit. The
target may use these locations for replacing defective tracks or
sectors depending upon the target defect management scheme. A value
of zero indicates that no spare tracks are to be reserved at the end
of the unit for defect management.

The Sectors per Track field indicates the number of physical sectors
that the target shall zllocate per disk track. A value of zero
indicategs that the number of sectors per track may be variable or the
target is to determine the best value.

The Bytes per Phvsical Sector field indicates the number of datec
bytes that the target shall allocate per physical sector. The target
may assign multiple physical sectors tc a logical block if this value
is smaller than the logical block size. This value mavy not be larger
than the logical block size.

The Interleave field is the interleave value sent tTo the target
during the last FORMAT UNIT command. This field is only wvalid for
MODE SENSE commands. The Target shall ignore this field during MODE
SELECT commands.

The Track Skew Factor field indicates the number of physical sectors
between the last logical block on one track and the first logical
block en the next seguential track of the same cylinder. A wvalue of
zero indicates no skew.

The Cylinder Skew Factaz‘fi@ld indicates the number of physical
sectors between the l12st logical block of one cvlinder and the first
logical block of the next cylinder. A value of zero indicates nc
skew. . A

The Soft Sectoring (SSEC) bit, when set to one, indicates that the
target shall use soft sector formatting.

The Hard Sectoring (HSEC) biz, when set to one, indicates that the
target shall use hard sector formatting. The SSEC and HSEC bits
cannot both be set to one in MODE SELECT commands.

‘The Removable Media (RMB) bit, when set to one, indicates that the

logical unit contains removable media. This same bit is also
returned in the INQUIRY parameters (see section 7.1.3).

The Surface Map (SURF) bit, when set to one, indicates that the
target shall allocate successive logical blocks to all sectors on a
surface prior to allocating logical blocks to the next surface. When
SURF 1is set to zero, the target shall allocate successive logical
blocks to all sectors within a cylinder prior to allecating logical
blocks to the next cylinder.

(3
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The Inhibit Save (INS) bit, when set to one, indicates that the
target shall inhibit the saving of any parameters other than those
‘contained in pages 3 or 4 during the next FORMAT command. The
preexisting values of any saveable parameters will be maintained.
When INS is set to zero, any saveable parameters shall be updated per
their Current values and saved during the next FORMAT command.

£
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% ma . TABLE 8-25 RIGID DISK DRIVE GECMETRY PARAMETERS

| BIT| 7 { 6 | 5 i 4 | 3 ! 2 { 1 i o} {
| BYTE | | L | ] | | ?
| o | ®BS o__| o 0 0 1 0 0|
I L1 Page Length |
| 2 Number or Cvylinders (MSB) |
| 3 ] Number or Cylinders |
] 4 | Number or Cylinders (LSB) |
| 5 1 Number of Heads |
| 61 Reserved |
{ 7 1 Reserved |
| g | Reserved i
| 9 | Reserved |
] 10 | Reserved |
| 11 | Regerved |
| 12| - Drive Step Rate (MSB) |
| 13 | Drive Step Rate (LSB) |
| 14 | Regerved |
| 15 | Reserved |
1 16 | Reserved |

This page o¢f parameters may only be sent immediately prior to sending
a FORMAT UNIT command to the target. The Current parameters for this
page will be updated immediately but any changes between these
Current parameters and the existing media format will not be in
effect until after the FORMAT UNIT command is completed.

The Number of Cylinders field indicates the maximum number of
cylinders that is to be formatted by the target. The target may use
some of the allowed cylinders for storing target parameters, defect
lists, or diagnostic purposes.

Haps

The Number of Heads field indicates the maximum number of heads that
is to be formatted by the target.

The Drive Step Rate field is the minimum time, in 100 nanosecond
increments, between step pulses. The target shall use the lowest
step rate, greater than or equal to this number, that it is capable
of implementing. A value of zero allows the drive to determine its
cwn step rate.

e c— o anams

For Page Code 3FH, all pages supported by the target will be
returned. Some page codes may be supported for one PCF value (for
example, Default) but may not be supported for another PCF VALUE (for
example, Changeable). However, a Default value and a Current value
is required for all supported parameters.

.
P
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8.1.11 START/STOP UNIT Command (1BH)

Peripheral Device Type:

Operation Code Type:

Direct Access, Write-Once Read-Multiple,

Read-Only Direct Access
Optional

and

TABLE 8-26. START/STOP UNIT COMMAND
BIT| 7 | 6 | 5 | 4 | 3 | 2 ] 1 | o} |
BYTE | | | ] L ! | L |
0 | 0 Q0 . Q 1 1 : 0 1 1 |
1 i Logical Unit Number . 0o 0 0 0 | Immed |
2 1 o 0 0 0 0 0 0 0|
3 { 0 G 0 0 4] 0 Q 0 |
4 ] 0 0 Q 0 0 Q Q0 | Start |
5 | Q 0 o] 0] Q 9] | Flag | Link i

The START/STOP UNIT Command (Table 8-26) requests that the target
enable or disable the logical unit for further operations.

2n Immediate (Immed) bit of one indicates that the status shall be

returned as soon as the

operation is initiated.

An Immed bit of

zero indicates that status shall be returned after the operation is

completed.

A Start bit of one requests the logical unit be made ready for use.
A Start bit of zero requests that the logical unit be stopped.

4914 REV. /83 CCC
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8.1.12 PREVENT/ALLOW MEDIUM REMOVAL Command (1lEH)

Peripheral Device Type: Direct Access, Write Once Read Multiple, and
Read-Only Direct Access
Operation Code Type: Optional

TABLE 8-27. PREVENT/ALLOW MEDIUM REMOVAL COMMAND

BIT| 7 | 6 ] 5 | 4 | 3 | 2 | 1 | 0o |
BYTE | ! | | | | ] ] |
0 ] (0] 0 0 1 1. 1 1 0 |
1 | Logical Unit Number | 0 0 0 0 0 |
2 | 0 Q 0 Q Q 0 0 0 |
3 | 0 9 0 Q 0 Q 9] 0 |
4 0 0 (o] 0 0 0 0 |[Prevent|
5 0 0 0 0 0 0| Flag | Link |

The PREVENT/ALLOW MEDIUM REMOVAL command (Table 8-27) requests that
the target enable or disable the removal of the medium in the logical
unit.

A Prevent bit of one shall inhibit mechanisms that normally allow

removal of the medium. A Prevent bit of zero shall allow removal of
the medium.

This prevention of medium removal condition shall terminate upon
receipt of a PREVENT/ALLOW MEDIIM command with the Prevent bit set to
2ero, or by the receipt of a BUS DEVICE RESET message from any
initiator or by a "hard" RESET condition.

‘AB91s REV. /83 CDC e nrag
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8.2 Group 1l Commands for Direct-Access Devices
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The Group 1 commands for direct-access devices shall be as shown in
Table 8-28.

TABLE 8-28. GROUP 1 COMMANDS FOR DIRECT-ACCESS DEVICES

OPERATION

CODE

TYPE

COMMAND NAME

SECTION

20H
214
228
23H
24H
25H
26H
27H
28H
29H
2AH
2BH
2CH
2DH
28

2FH
30H
31H
32H
33H
34H
3%H
36H
37H
38H
39H
3AH
3BH
3CH
3DH
3EH
3FH

U NES NI NN YD W VOO NYERNV RV RO IR

READ CAPACITY
READ EXTENTED
WRITE EXTENDED

SEEXK EXTENDED

WRITE AND VERIFY
VERIFY

READ DEFECT DATA

WRITE DATA BUFFER
READ DATA BUFFER

WO RO

a@914 AEY. 2/83 CDC
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{Type definitions are defined in 6.1.2).
Command implementation is mandatory.
Command implementation is optional. )
Operation code is reversed for future standardization. \ng*“
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8.2.1 READ CAPACITY Command (25H)

Ag918 AEY. 2/8) COC

Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and

Read-Only Direct Access

Operation Code Type: Mandatory
TABLE 8-2%. READ CAPACITY CCMMAND
BIT| 7 i 6 | 5 | 4 | 3 | 2 i 1 | 0]
BYTE | _ 1 | | 1 | |
0 | 0 0 1 o_- 0 1 Q 1
1 | Logical Unit Number ] 0 0 0 0 0

2 | Logical Block Address (MSB)
3 | Logical Block Address
4 i Logical Block Address
5 - Logical .Block Address (LSB)
6 | o) o] 8] Q 8] C o] Q
7 | 0 (o] Q 0 QO Q Q Q
g | G 0 QO 0 0 0 Q | PMI
9 | 0 0 0 0 0 0 | Flag | Link

The READ CAPACITY command (Table 8-29) provides a means for the
initiator to request information regarding the capacity of the
logical unict.

A Partial Medium Indicator (PMI) bit of 2zero indicates that the
information returned in the READ CAPACITY data shall be the Logical
Block Address and Block Length (in bytes) of the last logical block
of the logical unit. The Legical Block Address in the Command
Descriptor Block shall be to set zero for this option.

A PMI bit of one indicates that the information returned shall be the
Logical Block Address and Block Length (in bytes) of the last logical
block address after which a substantial delay in data transfer will
be encountered. This Logical Block Address shall be greater than or
equal to the Logical Block Address specified in the Command
Descriptor Block.

Support for the PMI function is mandatory for CDC products.

The eight bytes of READ CAPACITY data shown in Table 8-30 shall be
sent during the DATA IN phase of the command.

Seimtag i 12
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TABLE 8-30. READ CAPACITY DATA

BYTE DESCRIPTION

0 Logical Block Address (MSB)

Logical Block Address

Logical Block Address

Loqlcal Block Address (LSB)

Block Length

Block Length

L
-2
3
4 Block Length (MSB)
=
6
=

| Block Length (LSB)

AgS14 AEY /83 CTC
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8.2.2 READ EXTENDED Command (28H)
Peripheral Device Type: Direct Access
o Operation Code Type: Mandatory
TABLE 8-31. READ EXTENDED COMMAND
BIT| 7 | 6 | 5 | 4 | 3 2 | 1 0 |
BYTE | | | | ] | |
9] L 8 0 1 0 1 ] ] 0 |
1 | Logical Unit Number | Q G ¢ o) 0 |
2 | Logical Block Address (MSB) ’
3 { Logical Block Address ;
4 | Logical Block Address !
_5 Logical Block Address (LSB) |
6 Q 0 0 Q 9] (] Q Q |
7 | Transfer Length (MSB) |
8 ! Transfer Length (LSB) !
9 | 0 0 0 0 0 0 | Flag | Link |
{ﬂ ! The READ command (Table 8-31) requests that the target transfer data

to the initiator.

The Logical Block Address specifies the logical block at which the
read coperation shall begin.

The Transfer Length specifies the number of contiguous logical block:

of data that shall be transferred.

indicates that no logical blocks shall be transferred.

condition shall not be considered as an error.

A Transfer Length of zerc
This
Any other value

indicates the number of logical blocks that shall be transferred.

The most recent data value written in the addressed logical block

shall be returned.

A69te REY /83 IOC
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This command shall be terminated with a RESERVATION CONFLICT status
if any reservation access conflict (see 8.1.8) exists and no data
shall be read.

If any of the following conditions occur, this command shall return a
CHECK CONDITION status and the sense key shall be set as indicated in

the following table. This table does not provide an exhaustive
enumeration of all conditions that may cause the CHECK CONDITION

status.

CONDITION ) - SENSE KEY

Invalid Logical Block Address ILLEGAL REQUEST (see note)
Target reset or medium change

since last command from this initiator UNIT ATTENTION
Unrecovered read error MEDIUM ERROR

Recoverable read error ' RECOVERED ERROR

Overrun or other error that might .
be resolved by repeating the command ABORTED COMMAND

NOTE: The extended sense information bytes shall be set to the
Logical Block Address of the first invalid address.

28914 REV. /83 COC
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8.2.3 WRITE EXTENDED Command (2AH)

Peripheral Device Type: Direct Access
" Cperation Code Type: Mandatory

TABLE 8-32. WRITE EXTENDED COMMAND

BIT| 7 ! 13 ! r ] 4 ! 2 !

3! ! 2 4 Z ! 1 ! 0 |
BYTE | | | i j L i ]

o1 ¢© C 1 G i 0 1 C
1 | Logical Unit Number | 0 0 0 0 0 |
_2 N Logical Blcck Address (MSB) |
3 | Logical Block Address |
4 Logical Block Address l
-] _ Logical Block Address (LSB) !
6 | Q0 0 0 0 0 0] 0 9] |
7 Transfer Length (MSB) i
— 8 Transfer Length (LSB) !
9 | o 0 0 0 0 0 | Fiag | Link |

The WRITE command (Table 8-32) requests that the target thte the
data transferred by the initiator to the medium.

The Logical Block Address specifies the logical block at which the
write operation shall begin.

The Transfer Length specifies the number of contiguous logical blocks
of data that shall be transferred. &4 Transfer Length of zero
indicates that no logical blocks shall be transferred. This
condition shall not be considered as an error and no data shall be
written. Any other value indicates the number of logical blocks that
shall be transferred.

This command shall be terminated with a RESERVATION CONFLICT status
if any reservation access conflict (see 8.1.8) exists and no data
shall be written.

If any of the following conditions occur, this command shall be
terminated with a CHECK CONDITION status and the sense key shall be
set as indicated in the following table. This table does not provide
an exhaustive enumeration of all conditions that may cause the CHECK
CONDITICN status.
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CONDITION SENSE XEY .
Invalid Logical Block Address ILLEGAL REQUEST (see note)
Target reset or medium change since
the last command from this initiator UNIT ATTENTION
Overrun or other error that might
be resolved by repeating the command ABCRTED COMMAND

NOTE: The extended sense information bytes shall be set to the
Logical Block Address of the first invalid address. 1In this case,
no data shall be written on the logical unit.

8.2.4 SEEK EXTENDED Command (2BH)

Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and
) Read-Only Direct Access
.= Operation Code Type: Mandatory

TABLE 8-33. SEEX EXTENDED COMMAND

BIT]| 7 ] 6 i 5 | 4 ] 3 ] 2 | 1 - G i
BYTE | ] | | | | | | !
0 I 0 0 1 0 1 0 1 1|
1 { Logical Unit Number | 0 0 0 9 0 |
-2 | Logical Block Address (MSB) |
3 | Logical Block Address |
4 ] Logical Block Address |
5 | Logical Block Address (LSB) !
6 | 9] Q Q -Q 0 0] 0 (6] |
7 Q Q Q 0 0 0 o] Q ]
3 Q 0 0 Q 0 ] Q0 0 ]
9 | 0 0 Q (] 0 8] | Flag | Link |

The SEEX EXTENDED command (Table 8-33) requests that the logical unit
seek to the specified Logical Block Address.

18914 AEY. /83 COC Secreg m S a
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8.2.5 WRITE AND VERIFY Command (2EH)
'Pe:iphe:al Device Type: Direct Access

Cperation Code Type: Optional

TABLE 8-34. WRITE AND VERIFY COMMAND

BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
BYTE | L | | : | ] | |
Q 0 (6] 1 0 1 1 1 Q |
1 | Logical Unit Number Lo 0 0 | BytChk] 0. |
_2 | Logical Block Address (MSB) |
3 | Logical Block Rddress ]
4 | Logical Block Address |
5 | Logical Block Address (LSEB) |
6 ) 0 0 0 0 0 0 0 |
7 | Transfer Length (MSB) !
8 | Transfer Length (LSB) |
9 | 0 0 0 o] 0 0 | Flag | Link |

The WRITE AND VERIFY command (Table 8-34) requests that the target
write the data transferred from the initiator to the medium and then
verify that the data is correctly written.

A Byte Check (BytChk) bit of zero causes the verification to be
simply a medium verification (CRC, ECC, etc). A BytChk bit of one
causes a byte-by-byte compare of data written on the peripheral
device and the data transferred from the initiator. 1If the compare
is unsuccessful, the command shall be terminated with a CHECX
CONDITION status and the sense key shall be set to MISCOMPARE.

The Logical Block Address specifies the logical block at which the
write operation shall begin.

The Transfer Length specifies the number of contiguous logical blocks
of data that shall be transferred. A Transfer Length of zero
indicates that no logical blocks shall be transferred. This
condition shall not be considered as an error and no data shall be
written. Any other value indicates the number of logical blocks that
shall be transferred.

a8914 9BV 293 £3C Frnted n s
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8.2.6 VERIFY Command (2FH)
Peripheral Device Type: Direct Access
Operation Code Type: Optional
TABLE 8-35. VERIFY COMMAND

BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
BYTE | | | | | | | | |
) ] 0] o _- 1 ] 1 9} 0 0 |
i | Logical Unit Number | o) o) o | BvtcChk]| 0 |
2 | Logical Block Address (MSB) |
3 ] Logical Block Address |
4 | Logical Block Address |
5 | Logical Block Address (LSB) |
& ] 8] 0] Q e Q 0 0 !
7 Verification Length (MSB) !
8 ] Verification Length (LSB) |
9 { 0 0 0 0 ) 0 | Flag | Link |

The VERIFY command (Table 8-35) requests that the target verlfy the ~
data written on the medium.

A Byte Check (BytChk) bit of zero causes the verification to be

simply a medium verification (CRC, ECC,

etc).

A BytChk bit of one

causes a byte-by-byte compare of data on the medium and the data

transferred from the initiator.

If the compare is unsuccessful,

the

command shall be terminated with a CHECX CONDITION status and the
" sense key shall be set to MISCOMPARE.

The Logical Block Address specifies the loglcal block at which the
verify operation shall begin.

The Verification Length specifies the number of contiguous lecgical

blocks of
indicates
shall not
number of

8.2.7

| =

8.2.8

24918 2EV. 223 CDC

data that shall be verified.
that no logical blocks shall be verified.
be considered as an error.
logical blocks that shall be verified.

SEARCH DATA Ccmmands (30H,

31H, or 32H)

SET LIMITS Command (33H)

A Verification Length of zero

This condition

CDC products do not implement these commands at this time.

CDC products do not implement this command at this time.

Any other value indicates the

Teomtan A
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ms 8.2.9 READ DEFECT DATA Command (37H)

Peripheral Device Type: Direct Access
Operation Code Type: Mandatory

TABLE 8-36. READ DEFECT DATA COMMAND

BIT| 7 | 6 i g | & | c ! 2 | 1 | o
BYTE | | | ] I | ]
0 0 0 1 1 o 1 1 1 !
1 | Logical Unit Numbe ] o] 0 0 0 0 |
2 | o} : 0 o ! P G |__Defect List Format |
3 ! Q 0 0 2 0 Q Q 0 |
4 | e 0 0 0 o 0 9} 0 |
) | 9 0 0 0 0 0 e g |
6 i 8 Q 8] 8] 0 0 0 Q |
7 | Allocation Length (MSB) |
8 | Allocation Length (LSB) |
9 L 9 0 o o 0 Q | Flag | Link |
gq N The READ DEFECT DATA command requests that the target transfers the

medium defect data to the initiator.

The Defect List Format field indicates the defect data format
preferred by the initiator. The meaning i1s the same as the Defect -
List Format field in the Format command (indicated in Table 8-4).

The Defect List Format field is intended for those targets capable of
returning various formats. If not, the target may return its default
format and create the CHECKX CONDITION status with RECOVERED ERRCR
Sense Key at the end of the READ DEFECT DATA data transfer.

The P and G bits indicate the defect data types preferred by the
initiator. The P and G bits are defined as follows:

BIT P BIT G

Return Defect List Header only.

Return the Growth list and Certification list. (Optional)
Return the Primary list only.

Return all lists (Primary. Growth, and Certification).

-2 OO0
HO+HO

The Allocation Length specifies the number of bytes that the initiator
has allocated for the returned defect data. An Allocation Length of
zero indicates that no READ DEFECT DATA shall be transferred. Any
other value indicates the maximum number of bytes to be transferred.
The target shall terminate the DATA IN phase when the Allocation Length
bytes have been transferred or when all available defect data has been
transferred to the initiator, whichever is less.

12974 Ay YAl
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Defect List ‘Header
BIT| 7 | 6 | 5 1 4 | 3 | 2 | 1 | o |
BYTE | ] | | ! | ] ] l
o | Reserved |
N Reserved | P G | Defect List Format |
21 Defect List Length (MSB) |
3 1 Defect List Length (LSB) |
4-n | Defect Descriptor Bytes |

The first 4 bytes returned are the Defect List Header. The P bit, G

bit, and Defect List Format fields indicate the defect format that is
actually returned by the target. The definitions are the same as for
byte 2 of the READ DEFECT DATA Command Descriptor Block. These codes
are not required to be the same as the ones sent by the initiator if

the target doesn't support those options.

The Defect List Length specifies the total length in bytes of all the
defect descriptors available from the target. If the Allocation
Length of the CDB is too small to transfer all of the defect
descriptors, the Defect List Length is not adjusted to reflect the
truncaticon. The Defect Descriptors do not have to be in ascending
order.

\A68918 REV. /83 CDC Srrieg 4
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9.0 GROUP 0 COMMAND DESCRIPTIONS FOR SEQUENTIAL ACCESS DEVICES

The Group 0 commands for sequential-access devices shall be ag shown
in Table 9-1.

TABLE 9-~1. GRCUP 0 COMMANDS FOR SEQUENTIAL-ACCESS DEVICES

OPERATION
__CODE TYPE___COMMAND NAME SECTION
@ 0OH M TEST UNIT READY 7.1.1
01H M REWIND 9.1
02H R
03H M REQUEST SENSE - 7.1.2
04H R
® 05H M READ BLOCX LIMITS 9.2
O6H R
07H R
08H M READ 9.3
V 09H R
{ OAH u WRITE 9.4
- OBH ) TRACK SELECT 9.5
oCcH R
ODH R
OEH R
OFH ) READ REVERSE 9.6
10H M WRITE FILEMARKS 9.7
11H 0 SPACE 9.8
s 12H M INQUIRY 7.1.3
138 0 VERIFY 9.9
14H o) RECOVER BUFFERED DATA 9.10
= 15H M MODE SELECT 9.11
u 16H M RESERVE UNIT 9.12.1
n 17H M RELEASE UNIT 9.12.2
s 18H M CoPY 7.1.4
19H o) ERASE 9.13
- 1AH M MODE SENSE 9.14
1BH 0 LOAD/UNLCAD 3.15
1CH 0 RECEIVE DIAGNOSTIC RESULTS 7.1.5
» 1DH M SEND DIAGNOSTIC ‘ 7.1.6
1EH 0 PREVENT/ALLCW MEDIUM REMOVAL 3.16
1FH R :

Key: (Type definitions are defined in 6.1.2).
M = Command implementation is mandatory. ‘
O = Command implementation is optional.
g R = Operation code is reserved for future standardization.

A8qe g 28y e Ses demran n
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9.1 REWIND Command (OlH)

Peripheral Device Type: Sequential Access
Operation Code Type: Mandatory

TABLE 9-2. REWIND CCMMAND

BIT| 7 | 6 | 5 | 4 | 3 i 2 | 1 | ] |
BYTE | | | | ! ] | |
Q 0 g 0 Q 0 0 (] 1 i
1 Logical Unit Number | 0 0 o 0 | Immed |
2 0 0 0 0 0 ) 0 0|
3 J Q Q 0 0 0 0 0 9 |
4 ] Q 0 0 0 9 0 0 !
5 0 0 0 0 0 0 _] Flag | Link |

The REWIND command (Table 9-2) requests that the target rewind the
logical unit to the beginning-of-medium or load-point.

An Immediate (Immed) bit of one indicates that status shall be {
returned as soon as the operation is initiated. An Immed bit of zero -
indicates that status shall be returned after the operation is
completed.

5.2 READ BLOCX LIMITS Command (0O5H)
Peripheral Device Type: Sequential Access

] Cperation Code Type: Mandatory

TABLE 9-3. READ BLOCKX LIMITS COMMAND

T s T 5 ]

BIT| 4 | 3 | 2 | 1 | 0 |
BYTE | | | i ] ] 1 ] |
Q ] Q 0 Q Q 0 1 Q 1 |
1 Logical Unit Number ] 0 0 0 0 0 ]
2 0 0 0 0 0. 0 0 o |
3 ] o] ) 0 Q o] Q Q 0 |
4 { [0] Q Q 0 0 Q 0 0 ]
5 | o 0 0 0 Q0 o | Flag | Link |

] The READ BLOCKX LIMITS command (Table 9-3) requests that the target's
| capability for block length limits be returned for the logical unit. .
’ The RE&D BLOCX LIMITS data shown in Table 9-4 shall be sent during d
the DATA IN phase of the command.

+i4 AEY 83 CDC Sortee m 3



ENG'NEER!NG SPEC 64721700

ﬂ{"!@MAGNETIC PERIPHERALS INC. cD 9
Sy aCorwral Daa Company
( SPECIFICATION REV_
PAGE 153
TWIN CITIES DISK DIVISION
TABLE 9-4. READ BLOCKX LIMITS DATA
BYTE | DESCRIPTICN |
Q | Regerved (ali zeros) |
1 | Maximum Block Length (MSB) l
2 | Maximum Block Length
-3 Maximum Block Lenqgth (LSB)
4 Minimum Block Length (MSEB)
) Minimum Block Length (LSB)
If the Maximum Block Length equals the Minimum Block Length,
| fixed-length bleccks of the length indicated are supported.
| Otherwise, variable-length blocks are supported. For variable-length
blocks, if the Maximum Block Length equals zero, no upper limit is
specified,
2.3 READ Command (O8H)
i‘ ‘ Peripheral Device Type: Sequential Access

Operation Cocde Type: Mandatory

TABLE 9-5. READ COMMAND

BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
BYTE | { | | | | ! !

0] 0 9] Q Q 1 0 0 C

1 Logical Unit Number ] 0 Q 0 0 | FPixed
-2 | Transfer Length (MSB)
-3 ! Trangfer Lendth

4 | Transfer Length (LSB)

5 ] 0 0 0 0 0 ¢} | Flag | Link

The READ command (Table 9-5) transfers one or more block(s) to the
initiator beginning with the next block on the logical unit. The
Fixed bit specifies both the meaning of the Transfer Length field
and whether fixed-length or variable-length block(s) are to be
transferred. ‘

12914 AEY 83 TUC Peentan o
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If the Fixed bit is zero, a single block shall be transferred with
the Transfer Length specifying the maximum number of bytes the
initiator has allocated for the returned data. If the actual block
length is different from the specified transfer length, a CHECX
CONDITION status shall be sent to the initiator and the incorrect
length indicator (ILI) bit and Valid bit in extended sense shall be .
set to one. The Information Bytes in extended sense shall be set to
the difference (residue) between the requested Transfer Length and
the actual Block Length. Targets that do not support negative
residues shall set the ILI bit tc one and the residue to zero when
the actual Block Length is larger than the Transfer Length. In any
case, no more than Transfer Length bytes shall be transferred to the
initiator and the medium shall be p051t10ned after the block
(end-of-medium side).

If the Fixed bit is one, the Transfer Length specifies the number of
blocks to be transferred to the initiator. This form of the READ
command is valid only if the logical unit is currently operating in
fixed block mode. A logical unit is in fixed block mode when either
of the following conditions are true:

1. . The logical unit reports the same value for Minimum Block Length
and Maximum Block Length in response to the READ BLOCK LIMITS -
command. In this case, the current Block Length is the value
returned.

2. The logical unit has been instructed to use fixed-length blocks
with the MODE SELECT command. In this case, the current Block
Length is the Block Length defined in the MODE SELECT command.

Otherwise, the logical unit is in variable block mode. The target
may implement fixed block mode, variable block mode, or both modes.
If the Fixed bit does not match the current mode, or the mode
indicated by the Fixed bit is not implemented, the target shall
reject the command by returning a CHECK CONDITION status and by
setting the sense key to ILLEGAL REQUEST.

A successful READ command with the Fixed bit equal to cne shall
transfer the current Block Length times the Transfer Length bytes of

data to the initiator. Upon termination of the READ command, the

medium shall be positioned after the last block transferred
.end-of-medium side).

If the Fixed bit is one and if a block is read that is larger or

smaller than the current Block Length, a CHECK CONDITION status shall

be returned to the initiator. The ILI bit and the Valid bit in

extended sense shall be set.to one. The Information Bytes shall be

set to the difference (residue) between the requested Transfer Length

and the actual number of blocks read (not including the incorrect o
length block). Upon termination, the medium shall be positioned Km )
after the incorrect length block (end-of-medium side). -

Ag914 AEY /83 COC Praeg r U
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If a logical unit reads a filemark during a READ command, it shall
send a CHECK CONDITION status to the initiatcr and shall set the
Filemark bit in extended sense. Upon termination, the medium shall
be positioned after the filemark (end-of-medium side). If the Fixed
bit is one, the target shall set the Valid bit to one and the
Information Bytes shall be set to the difference (residue) between
the requested Transfer Length and the actual number of blocks read
(not including the filemark).

If a logical unit encounters the physical end-of-medium during a READ
command, the target shall return a CHECK CONDITION status toc the
initiator and shall set the End-Of-Medium (ECM) bit to one in
extended sense. The Sense Key shall be set to MEDIUM ERRCOR. 1If the
Fixed bit is one, the target shall set the Valid bit to one and the
Information Bytes to the difference (residue) between the requested
Transfer Length and the actual number of blocks successfully read.
The medium position following this condition is not defined.

When the Transfer Length is zero, no data shall be transferred and
the current position onm the logical unit shall not be changed. This
condition shall not be considered as an error.

Drmieg 0 g S
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9.4 WRITE Command (OAH)

Peripheral Device Type: Sequential Access
Operation Code Type: Mandatory

TABLE 9-6. WRITE COMMAND

BIT| 7 i 6 | . 5 | 4 | 3 | 2 | 1 | 0 |
BYTE | ] | | | { | 1 |
(9] | 0 ] (] ] 1 (¢} 1 0 |
1 | Logical Unit Number L Q o Q _0 | Fixed |
-2 | Transfer Length (MSB) |
3 | Transfer Length ]
4 | Transfer Length (LSB) : |
5 1 0 0 0 0 0 o | Flag | Link |

The WRITE command (Table 9-6) transfers one or more block(s) from the
initiator to the current position on the logical unit. The Fixed bit
specifies both the meaning of the Transfer Length field and whether -
fixed-length or variable-length block(s) are to be transferred.

If the Fixed bit is zero, a single block shall be transferred from

the initiator and shall be writtenm to the logical unit beginning at

the current medium position. The Transfer Length specifies the

length of the block to be written (in bytes). The requested block

length shall be within the minimum and maximum block length range
(returned by the READ BLOCK LIMITS command, Section 9.2). 1If this
condition is not met, a CHECK CONDITION status shall be returned and

the Sense Key shall be set to ILLEGAL REQUEST and no data shall be
written. Upon successful termination, the medium shall be positioned
after the block written by this command (end-of-medium side).

If the Fixed bit is one, the Transfer Length field specifies the
number of block({s) to be transferred to the logical unit beginning at
the current medium position. This form of the WRITE command is valid
only if the logical unit is currently operating in fixed block mode
(see 9.3). Upon termination, the medium shall be positioned after
the block(s) written by this command (end-of-medium side).

The target may implement fixed block mode, variable block mode, or
both modes. 1If the Fixed bit does not match the current mode, or the
mode indicated by the Fixed bit is not implemented, the target shall
reject the command by returning a CHECKX CONDITION status and by
setting the Sense Key to ILLEGAL REQUEST.

a6914 REV. 283 COC Prred o US
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If the early warning end-of-medium condition is encountered while
writing, an attempt to finish writing any buffered data may be made.
The command shall terminate with a CHECK CONDITION status and the ECM
bit in extended sense shall be set to one. 1If any data remains in
the target's buffer, then the sense key shall be set to VOLUME
OVERFLCW. 1If the Fixed bit is one and the logical unit is not
buffered (buffered mode of the MODE SENSE command is zero), then the
Valid bit in extended sense shall be set to one and the Information
Bytes shall be set to the difference (residue) between the requested
Transfer Length and the actual number of blocks written to the
medium. If the Fixed bit is one and the logical unit is . buffered
(buffered mode of the MODE SENSE command is one), then the Valid bit
shall be set to one and the Information Bytes shall be set to the
total number of blocks not written (the number of blocks not
transferred from the initiator plus the number of blocks remaining in
the target's buffer). Note that in this case it is possible for the
value in the Information Bytes to exceed the Transfer Length.

When the Transfer Length is zero, no data shall be transferred and
the current position on the logical unit shall not be changed. This
condition shall not be considered as an error. :
' 9.5 TRACX SELECT Command (OBH)
Peripheral Device Type: Sequential Access
Operation Code Type: Optional

TABLE 9-7. TRACK SELECT CCOMMAND

BIT| 7 | <) | 5 ] 4 | 3 ] 2 | 1 | 9] |
BYTE | | | ] | ] ] | !
9] ] Q 0 0 1 9] 1 1 |
1 Logical Unit Number ] 0 0 0 o) 0 |
2 ] 0 0 0 0 0 o) 0 0 |
3 | C Q . Q Q Q 0 o] 6] |
4 1 Track Value !
5 | 0 0 Q 0 Q Q | Flag | Link |

" The TRACKX SELECT command (Table 9-7) requests that the track
specified in the Track Value field be selected.
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9.6 READ REVERSE Command (OFH)

Peripheral Device Type: Segquential Access
Operation Code Type: Optional

TABLE 9-8. READ REVERSE COMMAND

BIT| 7 | € | 5 | 4 | 3 | 2 | 1 | ¢ !
BYTE | | { | | | | | I
0 | 0 0 0 0 1 1 1 1 |
1 | Logical Uni: Numberg | 0 0 0 0 | Fixed |
2 | Transfer Length (MSB) v |
3 | Transfer Length |
_4 Transfer Length (LSB) |
_5 Q 0 0 0 Q 0 | Plag | Link |

The READ REVERSE command (Table 9-8) functions identically to the
READ command except that medium motion is in the reverse direction.
Thus, the block(s) and bytes within the block(s) are transferred in
the reverse order and the medium position upon termination is before
the last block read (beginning-of-medium side). This command shall
terminate with a CHECX CONDITICN status and the ECM bit in extended
sense shall be set to one if beginning-of-medium or load-point is
encountered. The Sense Key shall be set 1o NO SENSE. If the Fixed
bit is cne, then the Valid bit shall be set to one and the

Information Bytes shall contain the difference (residue) of the
requested Transfer Length and the actual number ¢f blocks transferred
before beginning-of-medium or load-point was encountered.

\

Filemark handling is the same as in the READ command except that the
medium position upon command termination shall be before the filemark
(beginning-ocf-medium side).

If the Transfer Length is zero, no data shall be transferred and the
current position on the logical unit shall not be chanqed. This
condition shall not be considered as an error.

The target may implement fixed block mode, variable block mode, or
both modes. 1If the Fixed bit does not match the current mode, or the
mode indicated by the Fixed bit is not implemented, the target shall
reject the command by returning a CHECK CONDITION status and bv
setting the Sense Key to ILLEGAL REQUEST.

_ A‘\\
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9.7 WRITE FILEMARKS Command (10H)
Peripheral Device Type: Sequential Access

Operation Code Type: Mandatory

TABLE 9-9. WRITE FILEMARKS COMMAND

BIT| 7 | 6 | 5 | 4 ! 3 | 2 | 1 | 0 i

BYTE | | | | 1 | | | |

0o | Q 0 O 1 Q 0 o] 0 |

| 1 | Logical Unit Number | 0 o) 0 0 | Immed |
2 | Number of Filemarks (MSB) |

3 | Number of Filemarks |

4 i Number of Filemarks (LSB) {

5 L 0 Q Q 0 Q 0 | Flag | Link |

The WRITE FILEMARKS command (Table 9-9) causes the specified Numbe:r
of Filemarks to be written beginning at the current medium position
‘ : on the logical unit. A zero in this field indicates that no

: filemarks are to be written.

This command is also used to force any buffered data (see buffered
mode in the MCODE SENSE command, Section 9.14) to be written. If the
logical unit is not buffered (Buffered Mode of the MODE SENSE command
is zero) or the Immediate (Immed) bit is zero, then this command
shall not return a GOOD status unless all buffered data blocks and
the filemarks (if any) are correctly written on the medium. If the
logical unit is buffered (Buffered Mode of the MODE SENSE command is
one) and the Immed bit is one, then status shall be returned
immediately after the operation is initiated. &Errors and exception
conditicons on the logical unit that are detected after status is
returned shall be reported on a subsequent command from the same
initiator.

s oo ——— — ———  —o oot {— i i s

1f the early warning end-of-medium condition is enccuntered while
writing, an attempt to finish writing any buffered data may be made.
| m The command (or subsequent command) shall terminate with a CHECX

CONDITION status and the EOM bit in extended sense shall be set to

| m one. 1If any blocks or filemarks remain to be written, then the Sense
Key shall be set to VOLUME OVERFLOW. If the logical unit is not
buffered (buffered mode of the MODE SENSE command is zero), then the
Valid bit in extended sense shall be set to one and the Information
Bytes shall be set to the number of unwritten filemarks. If the
logical unit is buffered (buffered mode of the MODE SENSE command is
one). then the Valid bit shall be set to one and the Information
Bytes shall be set to the total number of blocks not written (the
number of unwritten filemarks plus the number of blocks remaining in
the target's buffer). Note that in this case it is possible for the
value in the Information Bytes to exceed the Transfer Length.
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9.8 SPACE Command (11H)
Peripheral Device Type: Sequential Access
Operation Code Type: Optional
TABLE 9-10. SPACE COMMAND
BIT| 7 i 6 ] 5 ] 4 | 3 | 2 ] 1 | 0 |
BYTE | ] ] ] ] ] ] |
) 0 0 0 1 0 0 0 1 |
1 Logical Unit Number i o) Q o] i Code |
=2 . Count (MSB) i
3 | Count |
4 Count (LSB) |
5 0 0 0 0 0 0 | Flag | Link |

The SPACE command (Table 9-10) provides a variety of positioning
functions that are determined by the Code and Count. Both forward
(toward end-of-medium) and reverse (toward beginning-of-medium)
positioning are provided, although some SCSI devices may only support
a subset of this command. Such SCSI devices shall return a CHECK !
CONDITION status and set the Sense Kev to ILLEGAL REQUEST in response -
to any attempt to invoke a function that is not supported.

The Code field is defined as follows:

DB(1) DB(O) DESCRIPTICN

Blocks

Filemarks

Saquential Filemarks
Physical End-of-Data

i OO
HOrOo

When spacing over blocks or filemarks, the Count field specifies the
number of blocks or filemarks to be spaced over. A positive values W
in the count field shall cause forward medium movement over N blocks
or filemarks ending on the end-of-medium side of the last block or
filemark. A zero value in the Count field shall cause no medium
movement. A negative value -N (2's complement notation) in the count
field shall cause reverse medium movement over N blocks or filemarks
ending on the beginning-of-medium side of the last block or filemark.

(/
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If a filemark is encountered while spacing over blocks, medium
movement shall be stopped. The medium shall be positioned on the
end-of-medium side of the filemark if movement was in the forward
direction and on the beginning-of-medium side of the filemark if
movement was in the reverse direction. A CHECK CONDITION status
shall be sent to the initiator and the FPilemark and Valid bits in
extended sense shall be set to cne. The Information Bytes shall be
set to the difference (residue) in the requested Count and the actual
number of blccks spaced over (not including the filemark).

1f the physical end-of-medium is encountered while spacing forward
over blocks or filemarks, the target shall return a CHECK CONDITICN
status to the initiator and shall set the End-Of-Medium (ECM) bit in
extended sense to one. The Sense Key shall be set to MEDIUM ERROR.
The target shall set the Valid bit to one and the Information Bytes
to the difference (residue) between the requested Count and the
actual number of blocks or filemarks spaced over.

If beginning-of-medium or load-point is encountered while spacing
over blocks or filemarks in the reverse direction, the target shall
return a CHECK CONDITION status to the initiator and shall set the
End-Of-Medium (EOM) bit in extended sense to one. The Sense Kevy
shall be set to NO SENSE. The target shall set the vValid bit to one
and the Information Bytes to the difference (residue) between the

requested Count and the actual number of blocks or filemarks spaced
over.

When spacing over sequential filemarks, the Count field is
interpreted as follows: ‘

1. A positive value N shall cause forward medium movement to the
first occurrence of N or more consecutive filemarks stopping
after the Nth filemark.

2. A zero value shall cause no nedium movement.

3. A negative value -N (2's complement notation) shall cause reverse
medium movement to the first occurrence of N or more consecutive
filemarks stopping on the beginning-of-medium side of the Nth
filemark.

When spacing to physical end-of-data, the Count field is ignored.
Forward medium movement shall occur until the logical unit encounters
physical end-of-data as defined by the sequential-access device.

Some sequential-access devices define physical end-of-data as an
erased area on the medium; however, other definitions are not
precluded. Targets that implement this function shall leave the
medium positioned such that a subsequent WRITE command would append
data to the last recorded information on the medium.
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9.9 VERIFY Command (13H)
Peripheral Device Type: Sequential Access
Opeiation Code Type: Optional
TABLE 9-11l. VERIFY CCMMAND
BIT| 7 ] 6 | 5 | 4 | 3 | . 2 | 1 | (o] |
BYTE : ! - | | ] i ] l
0 ) c 0 1 Q 5 1 T
| 1 | Logical Unit Number | o} 0 | Immed | BytCmp| Fixed |
_2 . Verification Lenqgth (MSB)
3 Verification Length |
4 Verification Length (LSB) '
_5 | o___ 0 _0 o) 0 0 | Flag | Link |

The VERIFY command (Table 9-11) verifies one or more block(s)
beginning with the next block on the logical unit. The Fixed bit
specifies both the meaning of the Verification Length field and
whether f£ixed-length or variable-leangth block(s) are to be verified. -

If the logical unit is not buffered (Buffered Mode of the MODE SENSE
command is zero) or the Immediate (Immed) bit is zero, then this
command shall nct return a GOOD status unless all specified bytes or
blocks have been successfully verified. If the logical unit is
buffered (Buffered Mode of the MODE SENSE command is one) and the
Immed bit is one, then the status shall be returned immediately after
the operation is initiated (but after the data transfer, if any).
Errors and exception conditions on the logical unit that are detected
after the status is returned shall be reported on the next VERIFY
command from the same initiator. 1In order to insure that no errors
are lost, the initiator should set the Immed bit to 2ero on the last
VERIFY command when issuing a series of VERIFY commands.

A Byte Compare (BytCmp) bit of zero indicates that the verification
shall be simply a medium verification (CRC, ECC, etc). No data shall
be transferred between the initiator and target. A Byte Compare bit
of one indicates that a byte-by-byte compare of the data on the
medium, and the data transferred from the initiator shall be
performed by the target. Data shall be transferred from the
initiator to the target as in a WRITE command.
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A Fixed bit of zero requests that the next block of the logical unit
be verified. The Verification Length specifies the number of bytes
to verify. A Fixed bit of one requests Verification Length blocks be
verified beginning with the next logical block on the logical unit.
This form of the VERIFY command is only valid if the logical unit is
currently in fixed block mode as defined in the READ command. If the
data does not compare (byte compare bit equals one), the command

| @ {(or the next VERIFY command, if the Immediate bit is one and the

| m logical unit is in Buffered Mode) shall terminate with a CHECK

: CONDITICN status and the Sense Key shall be set to MISCOMPARE. 1If
the Fixed bit is one, the Valid bit shall be set to one and the
Information Bytes shall be set to the difference (residue) between
the Verification Length and the actual number of blocks successfully

| m verified. This number may be larger than the requested Verification

| m Length if the error occurred on a previous VERIFY command with an

| m Immediate bit of one. The medium shall be positicned after the block
containing the miscompare (end-of-medium side).

The target may implement £ixed block mode, variable block mode, or
both mecdes. 1If the Fixed bit does not match the current mode, or the
mode indicated by the Fixed bit is not implemented, the target shall
reject the command by returning a CHECK CONDITICN status and by
setting the Sense Key to ILLEGAL REQUEST.

The VERIFY command shall terminate when the Verification Length has
been satisfied, when a filemark is encountered, or when physical
end-of-medium is encountered. The status and sense data for each of
these conditions are handled the same as in the READ command, except
that the status and sense may be reported on the next VERIFY command
if the Immediate bit is one and the logical unit is in Buffered .
Mode. 1In this case, the residue reported in the extended sense may
exceed the requested verification length. Upon completion of the
VERIFY command, the medium shall be positioned after the last block
from which data was verified or after the filemark, if encountered.

s e ance wow— e

When the Verification Length is zero. no data shall be verified and
the current position on the logical unit shall not be changed. This
condition shall not be considered as an error.
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9.10 RECOVER BUFFERED DATA Command (14H)

Peripheral Device Type: Sequential Access
Operation Code Type: Optional

TABLE 9-12. RECOVER BUFFERED DATA COMMAND

BIT| 7 | 6 | 5 | 4 | 3 I 2 | 1 | o |
BYTE i | | ] | | ] |
0 0 0 0 1 0 1 0 0|
1 Logical Unit Number | 0 Q 0 0 | Fixed |
2 Transfer Length (MSB) |
3 ransfer Length |
4 Transfer Length (LSB) |
5 0 0 0 0 0 o | Fiagq | Link |

The RECOVER BUFFERED DATA command (Table 9-12) is used to read data
that has been transferred to an SCSI device buffer but has not been
written on the medium. It is normally only used to recover from

error or exception conditions that make it impossible to write the
buffered data on the medium.

This command functions similarly to the READ command except that
the data is transferred from the SCSI device buffer instead of the
medium. The order in which block(s) are transferred is the same as
if they would have been transferred to the medium. COne or more
RECOVER BUFFERED DATA commands may be used to read the unwritten
buffered data. ‘

The target may implement fixed block mode, variable block mode, or
both modes. 1If the Fixed bit does not match the current mode, or

the mode indicated by the Fixed bit is not implemented, the target
shall reject the command by returning a CHECX CONDITION status and
by setting the Sense Key to ILLEGAL REQUEST.

If an attempt is made to recover more logical blocks of data than
are contained in the SCSI device buffer, the command shall be
terminated with a CHECX CONDITICN status. The EOM bit in extended
sense shall be set to one. 1If the Fixed bit is one, the Valid bit
shall be set to one and the Information Bytes shall be set to the
difference (residue) between the requested Transfer Length and the
actual number of blocks transferred.

The Transfer Length specifies the number of contiguous logical
blocks of data to be transferred. A Transfer Length of zero
indicates that no data shall be transferred. This condition shall
not be considered as an error.
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9.11 MODE SELECT Command (15H)
Peripheral Device Type: Sequential Access

] Operation Code Type: Mandatory

TABLE 9-13. MODE.SELECT CCOMMAND

BIT| 7 | 6 ] 5 |
BYTE | ! L
] Q Q
| Logical Unit Number |
{ 0 0 ‘0
| Q 0 ¢}
!
|

w
N

Qoo+ >
ojojojo
(o) (e} (o] g
o} le}le] o] [
,
g

Parameter List Length
Q 0 0 9 9 0 | Flag | Link

The MODE SELECT command (Table 9-13) provides a means for the
initiator to specify medium, logical unit, or peripheral device
parameters to the target.

The Save Mode Parameters (SMP) bit, when set to one, requests that
the target save the saveable pages. The target must update the
Current mode values with parameters included with this command, save
the Current values of the saveable parameters, and report GOCD status
only after the save operation is completed. The Saved parameters
shall not be changed if an error is detected during the MODE SELECT
command. When the SMP bit is set to zero, the Saved parameter values
will not be changed.

@ NBEEE888

Support for Saved parameters is optional for CDC products. 1If the
SMP bit is set and Saved parameters are nct supported, the target
shall return CHECKX CONDITION status with ILLEGAL REQUEST Sense Key.

The Parameter List Length specifies the length in bytes of the MODE
SELECT parameter list that shall be transferred during the DATA OUT
phase. A zero Parameter List Length indicates that no data shall be
transferred. This condition shall not be considered as an error.

The MCODE SELECT parameter list (Table 9-14) contains a four-byte

@ header, followed by zero or one block descriptor, followed by the
@ pages of MODE SELECT parameters.

A5018 REY. 783 CCC Snintea r
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TABLE 9-14. MODE SELECT PARAMETER LIST

5]
o
+3

7 | 6 | 5 | 4 | 3 | 2 [ 1 ! 0
| | | | | I |
Reserved (all zeros)
Reserved (all zerosg)
Q i Buffered Mode | Speed
Block Descriptor Length
Block Descriptor(s)
.___Density Code

Number of Blocks (MSB) "
Number of Blocks

Number of Blocks (LSB)
Reserved '
Block Length (MSB)
: Block Length

] Block Length (LSB)
Parameter Information

Mode Select Page Headers !
| and their parameters R

w
d
&

(@]
|
=]

A Buffered Mode of zero .indicates that the target shall not report a
'GCOD status on WRITE commands until the data blocks are actually

written on the medium. A Buffered Mode of one indicates that the
target may zeport a GOOD status on WRITE commands as soon as the data
block has been transferred to the SCSI device buffer. One or more
blocks may be buffered prior to writing the block(s) to the medium.
Buffered Mcdes of 2H through 7H are reserved.

Code values for the Speed field shall be assigned as follows:

OH Default (Use the peripheral device's default speed).
1H Uze the peripheral device's lowest speed.
2H--FH Use increasing peripheral device speeds.

The Block Descriptor Length specifies the length in bytes of all the
block descriptors. It is equal to the number of block descriptors
times eight and does not include the pages of MODE SELECT parameters.
A Block Descriptor Length of zero indicates that no block descriptors
are included in the parameter list. This condition shall not be
considered as an error.

Each Block Descriptor specifies the medium characteristics for all or
part of a logical unit. Each Block Descriptor contains a Density
Code, a Number of Blocks, and a Block Length.
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TABLE 9-15 SEQUENTIAL-ACCESS DENSITY CODES

Code Value Density
O0H Default (peripheral device's default or only density)
Magnetic Tapes
: Width - Density
| mm (inch) Tracks BPMM (BPI Code Type Standard Mote
01H 12.7 (.%5) 9 32 (800) NRZI R X3.22-1983 3
02H 12.7 (.5) 9 63 (1600) PE R X3.39-1973 3
03K 12.7 (.5) 9 246 (6250) GCR R X3.54-1976 3
C4H 6.3 (.25) 4/9 315 (8000) GCR C 2,4
05H 6.3 (.25) 4/9 315 (8000) GCR cC X3.136-198X 2
06H 12.7 (.5) 9 126 (3200) PE R X3B5/85-98 1,3
07H 6.3 (.2%) 4 252 (6400) IMFM C X3.116-198% 2
: 08H 3.81 (.15) 4 315 (8000) GCR Cs X3B%/85-77 1.2
q{ 09  12.7 (.5) 18 C  X3B5/85-76 1,3
e ] CAH 6.3 (.25%) 12 394 (10000) GCR C X3B5/85-82 2
| O0BH 6.3(0.25) 4 63 (1600) PE C X3.56-198X 2
| OCH 12.7 (0.5) 24 500 (12690) GCR C 2
| ODH 12.7 (0.5) 24 999 (2%380) GCR C 2
- 8C0H-FFH Vendor Unique
All others Reserved
Key:
Code Tvpe
NRZI-Non-Return to Zero, change on ones R Reel-to-Reel

GCR -~-Group Code Recording

PE -Phase Encoded
| IMFM-Inverted Modified Frequency Modulation

NCTES:
1

2
3
4

The Number of Blocks field specifies the number of logical blocks on the
medium that meet the Density Code and Block Length in the block
A Number of Blocks of zero indicates that all of the

remaining logical blocks of the logical unit shall have the medium

descriptor.

Working 2raft.
revision of their documents.

0l1d format known as QIC-11

C Cartridge
CS Cassette
MC

characteristics specified by the Block Descriptor.

X3B5 assigns a new document number to each
Please contact the Chairman of
X3B5 for the latest document number.

Serially Recorded

Parallel Recorded

The Block Length specifies the length in bytes of each logical block

described by the Block Descriptor.

the length shall be variable.

ARgYE I8y YAY COO

A block length of zero indicates that

Bemcay o~
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The rest of the MODE SELECT parameters are organized into pages that
group the parameters by function. The parameter definitions are the
same as those described in the MODE SENSE command (paragraph 9.14)
and will not be repeated here.

sam TABLE 9-16 MODE SELECT PAGE DESCRIPTOR HEADER

7 | 8 ! 5 | 4
| | |
0 ] Q ]

3 2 ! 1 | o)

Y ] ]

ke
|-

(o]

‘b N

1
J
Page Cod

IHO

Page Length
n_| Mode Parameters

2

Each page of mode parameters begins with a two byte Page Descriptor
Header. The Page Code identifies which page of mode parameters is
being transferred. The Page Length indicates the number of additional
bytes of mode parameters contained in this page. The number of
additional bytes sent must always match the Page Length value.

If the initiator sends mode parameter bytes that are not supported by
the target, the target will set CHECK CONDITION status with ILLEGAL
REQUEST Sense Key. The initiator may only send mode parameters for
pages i1f the target supports Changeable parameters within that page.
The Page Length sent by the initiator must be the same as the Page ~
Length value received from the target during a MODE SENSE command with
PCF set to Ol (binary). CDC products may optionally support the
following Page Codes:

Page Code Description
00H Product Unique. See individual product specifications.
01H Tape Control parameters.
024 Disconnect/Reconnect Control parameters.

The initiator shall issue a MODE SENSE command requesting the target
to return all pages with Changeable values (see PCF field description
for MODE SENSE command) prior to issuing any MCDE SELECT commands.
This allows the initiator to correctly determine which pages are
supported, the proper length for those pages, and which parameters in
those pages may be changed for that Logical Unit Number.

e o er—as S Geid S
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9.12 RESERVE UNIT and RELEASE UNIT Commands (16H and 17H, respectively)

C

Mot

Peripheral Device Type: Sequential Access
Operation Code Type: Mandatory

TABLE 9-18. RESERVE UNIT AND RELEASE UNIT COMMANDS

BIT| 7 ] 6 ] 5 | 4 | 3 | 2 ] 1 | 0 |
BYTE | | | | ] 1 | | |
o_| o 0 0 1 0 1 1 x|
1 | Logical Unit Number | 3rdPtyl Third Party Device ID | 0 !
2 1 0 0 0 0 0 0 0 0|
3 | 0 0 0 0 9] Q 0 Q |
4 0 Q ] o] Q (o] Q Q !
5 9 G 0 Q Q 0 | Flag | Link |

The RESERVE UNIT and RELEASE UNIT commands both use the Command
Descriptor Block shown in Table 9-18.

" { ).12.1 RESERVE UNIT Command (16H)

The RESERVE UNIT command shall reserve the specified logical unit for
the exclusive use by the requesting initiateor or, if third-parcty
reservation option is implementated, to ancther specified SCSI device.

The reservation shall remain in effect until superceded by another
RESERVE UNIT command from the same initiator that made the
reservation or until released by a RELEASE UNIT command from the same
initiator, or a BUS DEVICE RESET nessage is received from any
initiator, or a "hard" RESET condition. The occurrence of the last
two conditions is indicated by a Sense Key of UNIT ATTENTICON on the
next command following the condition. It is not an error to issue
this command to a logical unit that is currently reserved to the
requesting initiator.

If the logical unit is previously reserved for another initiator,
then the target shall either:

1. return a RESERVATION CONFLICT status

2. gqueue the reservation request and then disconnect until all
previously queued reservations have been released. When the
logical unit is available, the target shall reconnect to perform
the reservation.

1f£, after honoring the reservation, any other initiator then
subsequently attempts to perform any command on the reserved logical.
unit other than a RESERVE UNIT command, which may be queued, or a

"RELEASE UNIT command, which shall be ignored, then the command shall

be rejected with a RESERVATION CONFLICT status.
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The third-party reservation option for the RESERVE UNIT command
allows an initiator to reserve a logical unit for another SCSI
device. This option is intended for use in multiple-initiator
systems that use the COPY command. Any target that implements the
third-party reservation option shall also implement the third-party
release option (see 9.12.2).

If the third-party (3rdPty) bit is zero, then the third-party
reservation option is not requested. If the 3rdPty bit is one and
the third-party reservation coption is implemented, then the RESERVE
UNIT command shall reserve the specified logical unit for the SCSI
device specified in the third-party device ID field. The target
shall preserve the reservation until superceded by another RESERVE
UNIT command from the same initiator, or by a BUS DEVICE RESET
message from any initiator, or by a "hard" RESET condition. The
target shall ignore (i.e., return GOOD status) any attempt made by
any other initiator to release the reservation.

CDC products will support the third-party reservation option.

An initiator that holds a current reservation may modify that
reservation {(e.g., switch third-parties) by issing another RESERVE
UNIT command to the same Logical Unit. The superceding RESERVE UNIT
command shall release the previous reservation state only when the
new reservation is granted. A superceding reservation takes. priority
over any previously queued reservation regquest.

9.12.2 RELEASE UNIT Command (17H5

The RELEASE UNIT command shall release the logical unit if it is
currently reserved by the requesting initiator.

It is not an error to attempt to release a logical unit that 1is not
currently reserved to the requesting initiator. However, it shall
not be released if it is reserved by another initiator.

The third-party release option for the RELEASE UNIT command allows an
initiator to release a logical unit that was previously reserved
using the third-party reservation option (see 9.12.1). This option
shall be implemented if the third-party reservation option is
implemented. This option is intended for use in multiple-initiacor
systems that use the COPY command.

If the third-party (3rdPty) bit is zero, then the third-party release
option is not requested. If the 3rdPty bit is one and the target
implements the third-party release option, then the target shall
release the specified logical unit, but only if the reservation was
made using the third-party reservation option by the same initiator
that is requesting the release and for the same SCSI device as
specified in the third-party device ID field.

CDC products will support the third-party release option.

7
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9.13 ERASE Command (19H)
Peripheral Device Type: Sequential Access
Operation Code Type: Optional
TABLE 9-19. ERASE COMMAND
BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 i 0
BYTE | | | { - | | ] L
c_ | o 0 0 1 1 0 0 1
1 | Logical Unit Number | 0 0 0 0 | Long
2 | 0 Q 0 0 0 0 0 0
3 | Q g 0 o] 0 0 0 0
4 ] 0 0 0 0 0 0] 0 o]
5 | Q 0 ) 0 0 0 | Flag | Link

The ERASE command (Table 9-19) causes part or all of the remaining
medium to be erased beginning from the current medium position. As
used here, "erased“ means either the medium shall be erased or a

! pattern shall be written on the medium that appears as gap to the

target.

The distance to be erased is controlled by the Long bit.

A Long bit

of one indicates that all remaining medium on the logical unit shall
be erased. A Long bit of zero indicates that a peripheral device
specified portion of the medium shall be erased. Normally,
erases are used to create an extended gap for software controlled

error recovery or for support of “"update in place" functions.

short

The

medium position following an ERASE command with a Long bit of one is

nct defined by this specification.

NOTE: Some targets may reject ERASE commands with the Long bit set
to one if the medium is not positioned at the beginning-of-mediun.

«(C
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9.14 MODE SENSE Command (1lAH)

Peripheral Device Type: Sequential Access
= Operation Code Type: Mandatory

TABLE 9-20. MODE SENSE CCMMAND

BIT] 7 | & ] 5 ] 4 | 3 | 2 | 1 | 0 |
BY | | | | o 1 | | | ]
0 | 0 0 0 1 1 0 1 0 |
1 |_Logical Unit Number | 0 0 0 0 0 !
| a _2 | PCF | Page Code i
3 | Q ¢} 0 0 0] 0 Q 0] |
4 i Allocation Length |
_5 ! 0 0 o s 0 0 | Flag | Link |
The MODE SENSE command (Table 9-20) provides a means for a target to
report its medium, logical unit, or peripheral device parameters to
the initiator. It is a complementary command to the MODE SELECT -
command (see 9.11) for support of a medium that may contain different
densities, such as half-inch tapes. ™
| s The Page Control Field (PCF) defines the type of mode parameter
| m wvalues to be returned. The target shall return the same Page Length
| = for each supported page regardless of the value in the PCF. The
| m field is defined as follows:
i = Bit 7 Bit 8 .
| a o 0 Return Current values. The Current values are the
| = values currently be ‘ng used by the target to control its
| = operation. After a Power On Reset, a hard RESET, or a
| = BUS DEVICE RESET message the Current values will be
| = equal to the Saved values (if Saved values are supported
| = and can be retrieved) or the Default values (if Saved
| = values aren't supported or cannot be retrieved). The
| = Current value of a parameter is updated whenever a MODE
| = Select command that changes that parameter ends with
| = GOOD status being returned.
| = 0 1 Return Changeable wvalues. The changeable values of any
| = page is a mask that indicates which parameters may be
| = changed via a MCODE SELECT command and which parameters
| = may not. Each returned parameter byte shall contain
; = ones where a field or bit may be changed and zeros where
]

a field or bit may not be changed.

T
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Bit 7 Bit 6
1l 0 Return Default values. The Default values are the
values a target will set the Current values to after a
reset condition unless valid Saved values are available.

1 1 Return Saved values. The Saved values are the values a
target stores in non-volatile memory. The Saved values
of any changeable parameter can be set via a MODE SELECT
command. For nonchangeable parameters., the Default
value will be used. Support for Saved parameter values
is optional - for CDC products.

The Block Descriptor will contain its normal values regardless of the
value of the PCF. Unsupported firlds or bits within a page will be
returned as zeros for all PCF values.

The Page Code allows the initiator to select one or all of the pages
of Mcde parameters supported by the target. Page Codes which may be
supported by CDC products are listed here:

Page Code Description
OCH Product Unique. See individual products specification.
O1lH Tape Control parameters.
02H Disconnect/Reconnect Control parameters.
3FH Return all supported pages.

The Allocation Length specifies the number of bytes that the initiator
has allocated for returned MODE SENSE data. An Allocation Length of
2ero indicates that no MODE SENSE data shall be transferred. This
condition shall not be considered as an error. Any other value
indicates the maximum number of bytes that shall be transferred. The
target shall terminate the DATA IN phase when Allocation Length bytes
have been transferred or when all available MODE SENSE data have been
transferred to the initiator, whichever is less.

The MODE SENSE data (Table 9-21) will always include a four-byte header,
followed by one eight-byte block descriptor, followed by the requested
page or pages of MODE SENSE parameters. :

(n
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TABLE 9-21. MODE SENSE DATA

BIT| 7 ] 6 | 5 ] 4 ] 3 | 2 | 1 | 0

BYTE | ] ] | | ] ! |
Sense Data Length
Medium Type
| Buffered Mode ! Speed
Block Descriptor Length
Block Descriptor(s)

Density Code

Number of Blocks (MSB)

Number of Blocks

Number of Blocks (LSB)

Reserved

Block Length (MSB)

Biock Length

Block Length (LSB)
Parameter Information
Mode Select Page Headers |
| and their parameters

ukorlo
5

e m'm =N w'wlt—'o
= rr

I -]
[e]
|
=

The Sense Data Length specifies the length in bytes of the following
mode sense data that is available to be transferred during the DATA
IN phase. The Sense Data Length does not include itself.

Code values for the Medium Type field shall be assigned as follows:

COH Default (Only one medium type supported)
0lB--7FH Reserved
& 80H--FFH Reserved

A Write Protected (WP) bit of zero indicates that the medium is write
enabled. A Write Protected bit of one indicates that the medium is
write protected.

A Buffered Mode of 2zero indicates that the target does not report a
GOOD status on WRITE commands until the data blocks are actually
written on the medium. A Buffered Mocde of one indicates that the
target may report a GOOD status on WRITE commands as soon as the data
block has been transferred to the SCSI device buffer. One or more
blocks may be buffered prior to writing the block(s) to the medium.
Buffered Modes of 2H through 7H are reserved.

o
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Code values for the Speed field shall be assigned as follows:

CH Default (only one speed supported)
1H Lowest peripheral device speed
2B--FH Increasing peripheral device speeds

The Block Descriptor Length specifies the length in bytes of the Block
Descriptor. It is equal tc the number of bytes in the Block Descriptor
(8) and does not include the page headers and mode parameters, if

any. CDC products will send one Block Descriptor per LUN.

Each Block Descriptor specifies the medium characteristics for all or
part of a logical unit. Each Block Descriptor contains a Density
Code, a Number of Blocks, and a Block Length.

Code wvalues for the Density Code field are defined in Table 9-14.1.

The Number of Blocks field specifies the number of logical blocks on
the medium that meet the Density Code and Block Length in the block
descriptor. A Number of Blocks of zero indicates that all of the
remaining logical blocks of the logical unit have the medium
characteristics specified by the Block Descriptor.

The Block Length specifies the length in bytes of each logical block
described by the Block Descriptor. A Block Length of zero indicates
that the length is wvariable.

mm TABLE 9-22. MCDE SENSE PAGE DESCRIPTCR HEADER

BIT| 7 ] & i 5 | 4 | 3 | 2 | 1 | 0 i
BYTE | | | | | | | i i
o1 Ps | c | Page Code ]
L Page Length |
_2-1 | Mode Parameters |

Each page of mode parameters (for the MODE SENSE command) begins with
a two byte Page Descriptor Header. The Page Code identifies which
page of mode parameters is being transferred. The Page Length
indicates the number of additional bytes of mode parameters being sent
by this target. Multiple pages of mode parameters may be transferred
in one MODE SENSE data in phase (using page code 3FH).

The Parameters Saveable (PS) bit, when set to one, indicates that the
page contains Saved parameters. Since the support of Saved values is
optional, refer to individual product specifications to see which
parameters are saved. When the PS bit is set to zero, none of the
parameters within the page are saved.

Since suppo:t for most mode parameters 1s optional, some CDC products
will return a Page Length that is shorter than the number of bytes
defined in this specification.
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THIS PAGE LEFT BLANK INTENTIONALLY TO ALLOW FOR
PAGE 1 MODE PARAMETER DESCRIPTION.
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mm TABLE 9-23 DISCONNECT/RECONNECT CONTROL PARAMETERS

BIT| 7 ] ) | 5 | 4 i 3 | 2 | 1 | o} |
BYTE | ] ] | | | ] | |
o__| PSs | 0 | 0 0 Q 0 1 Q |
T Page Length |
2 ! Buffer Full Ratio |
3 Buffer Empty Ratio |
4 Bus Inactivity Limit (MSB) |
5 Bus_Inactivity Limit (LSB) |
6 | ' Disconnect Time Limit (MSB) |
7 1 -_Disconnect Time Limit (LSB) |
8 Reserved (always zeros) |
9 Reserved (always zeros) |

Both the ratic parameters are the numerator of a fractional
multiplier that has 256 as its denominator.

The Buffer Full Ratio indicates, on READ commands, how full the
target's buffer shall be prior to reconnecting. Targets that includs
a larger granular buffer block size snall round down t¢ the nearest
whole buffer block.

The Buffer Empty Ratio indicates, on WRITE commands, how empty

the target's buffer shall be prior to reconnecting to fetch more
data. Targets that include a larger granular buffer block size shall
zound up to the nearest whole buffer block.

The Bus Inactivity Limit field (bvtes 4 and 5) indicates the time,
in 100 microsecond increments, that the target is allowed to assert
the BUSY signal without handshakes until it shall disconnect. The
target may round down to its nearest capable value. A value o0f zero
indicates that the target is allowed to maintain the bus busy
indefinitely without handshakes.

The Disconnect Time Limit field (bytes 6 and 7) indicates the minimum
time, in 100 microsecond increments, that the target shall remain
disconnected until it shall attempt to reconnect. The target may round
down to its nearest capable value. A value of zero indicates that the
target is allowed to reconnect immediately.

For Page Code 3FH, all pages supported by the target will be
returned. Some page codes may be supported for one PCF value (for
example, Default) but may not be supported for another PCF VALUE (for
example, Changeable). However, a Default value and a Current value
is required for all supported parameters.
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9.15 LOAD/UNLOAD Command (1BH)

Peripheral Device Type: Sequential Access
Operation Code Type: Optional

TABLE 9-26. LOAD/UNLOAD COMMAND

BIT| 7 | 8 | 5 | 4 | 3 | 2 [ 1 | 0 ]
BYTE | ] | ] 1 | | i
o 0 0 0 1 1 0 1 1|
1 | Logical Unit Number ] 0 0 0 0 | Immed |
2 1 o 0 0 Q 0 0 0 o |
_3 | o 0 0 0 0 0 0 0|
4 | o) 0 0 0 0 0 | Re-Ten| Load |
_5 | (0] 0 0 0 6] 0 | Flag | Link |

The LOAD/UNLOAD command (Table 9-26) requests that the target enable
or disable the logical unit for further operations. This command may

also be used to request the re-tension function on peripheral devices
that support this function.

A Load bit of one indicates that the medium on the logical unit shall
be loaded and positioned to the beginning-of-medium or load-point as
determined by the peripheral device. A Load bit of zero indicates
that the medium on the logical unit shall be positioned for removal
from the peripheral device.

Status shall be returned after the medium is positioned unless the
Immediate (Immed) bit is one. If the Immed bit is one, status may be
returned as soon as the command has been accepted.

A Re-Tension (Re-Ten) bit of one indicates that the medium on the
addressed logical unit shall be correctly tensioned before the
LOAD/UNLOAD command is completed. This is an optional function
intended for use by those peripheral devices that support the
re-tension function.
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9.16 PREVENT/ALLOW MEDIUM REMOVAL Command (lEH)
Peripheral Device Type: Sequential Access

Operation Ccde Type: Optional

TABLE 9-27. PREVENT/ALLCW MEDIUM REMOVAL COMMAND

BIT| 7 | 6 | 5 | 4 ] 3 | 2 | 1 ] 0 |
BYTE | i ] | | | | L |
o | o 0 0 1 1 1 1 0|
1 | Logical Unit Number | 0 0 0 o) 0 |
2 | 0 0 0 0 ) 0 0 0 !
3 ] 0 0 Q (o] Q 0 o] 0 |
4 ] 0 o] 0 0 0 0 0 Prevent|
5 | 0] 0 0 0 0 0 | Flag Link |

The PREVENT/ALLOW MEDIUM REMOVAL command (Table 9-27) requests that

the target enable or disable the removal of the medium in the logical
ng— unit.

A Prevent bit of one shall inhibit mechanisms that normally allow

removal of the medium. A Prevent bit of zero shall allow removal of
the medium.

This prevention of medium removal condition shall terminate upon
receipt of a PREVENT/ALLOW MEDIUM REMOVAL command with the prevent
bit set to zero, or by the receipt of a BUS DEVICE RESET message from
any initiator or by a "hard" RESET condition.

10.0 GROUP 0 COMMAND DESCRIPTIONS FCR PRINTER DEVICES

m CDC doesn't plan to offer SCSI products of this type.

11.0 GROUP 0 CCMMAND DESCRIPTIONS FOR PROCESSCR DEVICES

m CDC doesn't plan to offer SCSI products of this type.

s BN
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12.0 COMMAND DESCRIPTIONS FOR WRITE-ONCE READ-MULTIPLE DEVICES

12.1 Group O Commands for Write-Once Read-Multiple Devices

The Group 0 commands for write-once read-multiple devices shall be as
shown in Table 12-1.

TABLE 12-1. GROUP 0 COMMANDS FOR WRITE-ONCE READ-MULTIPLE DEVICES

OPERATION
CODE TYPE ___ COMMAND NAME SECTION
a 00H M TEST UNIT READY 7.1.1
] 01H M REZERO UNIT 8.1.1
0Z2H R
03H M REQUEST SENSE 7.1.2
04H R
05H R
06H R
= 07H M REASSIGN BLOCKS 8.1.3
) 08H M READ 12.1.1
094 R a
W OCAH M WRITE 12.1.2 {\4
@ OBH M SEEX g.1.8 )
- 0OCH R
ODH R
QEH R
OFH R
10H R
1152 R
= 124 M INQUIRY 7.1.3
13H R
14" R
= 15H M. MCDE SELECT 12.1.3
] 16H M RESERVE 8.1.8
i 17H M RELEASE 8.1.9
= 18" M COPY 7.1.4
19H R :
@ 1AH M MODE SENSE 12.1.4
1BH o START/STOP UNIT } 8.1.11
1CH o RECEIVE DIAGNOSTIC RESULTS 7.1.5
] 1DH M SEND DIAGNOSTIC 7.1.6
1EH (o] PREVENT/ALLOW MEDIUM REMOVAL 8.1.12
1FH R
key: (Type definitions are defined in 6.1.2).
M = Command implementatiocn is mandatory.
O = Command implementation is optional.
R = Operation code is reversed for future standardization.
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12.1.1 READ Command (08H)

Peripheral Device Type: Write-Once Read-Multiple and
Read-Only Direct Access
B Operation Code Type: Mandatory

TABLE 12-2. READ COMMAND

BIT| 7 ] 6 | 5 | 4 ] 3 ] 2 ] 1 | 0 |
BYTE | | ] ! ! 1 ] |
) 0 0 0] 0 1 (0] 0 0 |
1 | Logical Unit Number |Logical Block Address (MSB) |
2 | Logical Block Address |
3 | Logical Block Address (LSB) |
4 i Transfer Length i
5 | 8 0 0 0 Q 0 | Plag | Link |

The READ command (Table 12-2) requests that the target transfer data
to the initiator.

‘ The Logical Block Address specifies the logical block at which the
m read operation shall begin. Leading zeros will be assumed (ahead of

the 21 bit address) 1f the device requires an address larger than 21
= bits. .

The Transfer Length specifies the number of contiguous logical blocks
of data to be transferred. A Transfer Length of zero indicates that
256 logical blocks shall be transferred. Any other value indicates
the number of logical blocks that shall be transferred.

This command shall be terminated with a status of RESERVATION
CONFLICT if any reservation access conflict (see 8.1.8) exists and no
data shall be transferred.

. 1f any of the following conditions occur, this command shall be
terminated with a CHECX CCNDITICN status, and if extended sense is
implemented, the Sense Key shall be set as indicated in the following
table. This table does not provide an exhaustive enumeration of all
conditions that may cause the CHECKX CONDITION status.
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CONDITION : SENSE KEY
Invalid Logical Block Address ILLEGAL REQUEST (see note 1)

Target reset or medium change since the
last command from this initiator UNIT ATTENTION

Unrecoverable read ercror MEDIUM ERROR

Overrun or other error that might
be resolved by repeating the command . ABORTED CCMMAND

Attempt to read a blank or previously
unwritten block BLANK CHECX (see note 2)

NOTES:

1. The extended sense Information Bytes shall be set to the Logical
Block Address of the first invalid address.

2. The extended sense Information Bytes shall be set to the Logical
Block Address of the first blank block encountered. The data
read up to that block shall be transferred.

12.1.2 WRITE Command (OAH)

Peripheral Device Type: Write-Once Read-Multiple
= Operation Code Type: Mandatory

TABLE 12-3. WRITE COMMAND

o
4
+3

7 1 6 | s | 4 | 3 1 2 1 1 1 o

lee]
<
3
]

9 0 9] 0 1 0 1 0
Logical Unit Number jLogical Block Address (MSB)
Logical Block Address
_Logical Block Address (LSB)
Transfer Length '
0 ) 0 o) 0 e | Flag | Link

i

m.bmlwwo

The WRITE command (Table 12-3) requests that the target write the
data transferred from the initiator to the mediun.

The Logical Block Address specifies the logical block at which the

write operation shall begin. Leading zeros will be assumed (ahead of
a the 21 bit address) if the device requires an address larger than 21
a bits.
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The Transfer Length specifies the number of contiguous logical blocks
0of data that shall be written. A Transfer Length of zero indicates
that 256 logical blocks shall be written. Any other value indicates
the number of logical blocks that shall be written.

This command shall be terminated with a status of RESERVATION
CONFLICT if any reservation access conflict (see 8.1.8) exists and no
data shall be written.

1f any of the following conditions occur, this command shall be
terminated with a CHECK CONDITION status, and if extended sense is
implemented, the Sense Key shall be set as indicated in the following
table. This table does not provide an exhaustive enumeration of all
conditions that may cause the CHECK CONDITION status.

CONDITION SENSE KEY
Invalid Logical Block Address ILLEGAL REQUEST (see note 1)
Target reset or medium change since the
last command from this initiator UNIT ATTENTION
: Overrun or other error that might
4 be resolved by repeating the command ABORTED COMMAND

attempt to write a previously
written block and blank checking is
enabled (see 12.1.3) BLANK CHECK (see ncte 2)

NOTES:
1. The extended sense Information Bytes shall be set to the Logical
Block Address of the first invalid address.

2. The extended sense Information Bytes shall be set to the Logical
Block Address of the first non-blank block encountered.
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12.1.3 MODE SELECT Command (15H)

Peripheral Device Type: Write-Once Read-Multiple and
Read-Only Direct Access
] Operation Code Type: Mandatory

TABLE 12-4. MODE SELECT COMMAND

BIT| 7 ] 6 | 5 | 4 ] 3 | 2 | 1 | 0 |
BYTE | | ] 1 | ] | | |
0 ] (¢} 0 0 1 0 1 0 1 |
| = _1 | Logical Unit Number ] 0 0 0 9] |__suMp__ |
2 | ) 0 0 0 0 0 0 0 |
3 | 0 0 Q o] g o] Q ] |
4 Parameter List Lendgth |
5 0 0 0 0 0 0 | Flag | Link |
The MODE SELECT command (Table 12-4) provides a means for the
initiator to specify medium, logical unit, or peripheral device-
parametars to the target.
{ m The Save Mode Parameters (SMP) bit, when set to one, requests that
| m the target save the saveable pages. The target must update the
| m Currzent mode values with parameters included with this command, save
| m the Current values of the saveable parameters, and report GCOD status
{ ® only after the save operation is completed. The Saved parameters
| m shall not be changed if an error is detected during the MODE SELECT
| m command. When the SMP bit is set to 2ero, the Saved parameter values
| m will not be changed.
| = 'Support for Saved parameters 1s optional for CDC products. 1If the
| m SMP bit is set and Saved parameters are not supported, the target
| =

shall return CHECK CCNDITION status with ILLEGAL REQUEST Sense Key.

The Parameter List Length specifies the length in bytes of the MODLE
SELECT parameter list that shall be transferred from the initiator to
the target. A Parameter List Length of 2ero indicates that no data

shall be transferred. This condition shall not be considered as an
error.

The MODE SELECT parameter list (Table 12-5) contains a four-byte
m header, followed by zero or one eight-byte block descriptors,
a followed by the pages of MODE SELECT parameters.
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TABLE 12-5. MODE SELECT PARAMETER LIST

(e}
4
=]

7 | 6 | 5 | 4 | 3
] ] | |
Reserved
Reserved
Reserved | __EBC
Block Descriptor Length
Block Descriptor(s)

{ Reserved

Number of Blocks (MSB)

Number of Blocks

Number of Blocks (LSE)

Reserved

Block Length (MSB)

Block Length

Block Length (LSB)

@ Parameter Information

Mode Select Page Headers i

= ] and their parameters : ' |

{oe]
S
-
-

w!mworé
=

\30\0"@&)'5\)!—‘0

&
o
|

(=]

An Enable Blank Check (EBC) bit of zero disables blank checking of
the medium during write operations. An EBC bit of one enables blank
checking. £ a non-blank block is found during a write operation,
the command shall be terminated with a CHECK CONDITION status and the
sense key shall be set to BLANK CHECK. For read-only direct-access
devices, the EBC bit is reserved.

The Block Descriptor Length specifies the length in bytes of the Block
Descriptor. It is equal to the number of bytes in the Block Descriptor
(either O or 8) and does not include the page headers and mode
parameters, if any. A Block Descriptor Length of zero indicates that
no block descriptor shall be included in the parameter list. This
condition shall not be considered as an error. CDC products will
support one Block Descriptor per LUN.

Each Block Descriptor specifies the medium characteristics for all or
part of a logical unit. Each Block Descriptor contains a Number of
Blocks and a Block Length. The Number of Blocks field specifies the
nunber of logical blocks to be formatted with the Block Length
specifieg in the Block Descriptor. The Block Length field specifies
the length in bytes of the logical block to be formatted.

The rest of the MODE SELECT parameters are organized into pages that
group the parameters by function. The parameter definitions are the
same as those described in the MODE SENSE command (paragraph 12.1.4)
and will not be repeated here.

C
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wm TABLE 12-6. MODE SELECT PAGE DESCRIPTOR HEADER

BIT| 7 ] 6 | 5 | 4 | 3 | 2 | 1 | 0 |

BYTE | | ] | I | | |

| o | 0 | 0 Page Code |
1 Page Length |

_2-n | Mode Parameters |

Each page of mode parameters begins with a two byte Page Descriptor
Header. The Page Code identifies which page of mode parameters is
being transferred. The Page Length indicates the number of additional
bytes of mocde parameters contained in this page. The number of
.additional bvtes sent must always match the Page Length value.

If the initiator sends mode parameter bytes that are not supported by
the target, the target will set CHECKX CONDITION status with ILLEGAL
REQUEST Sense Xey. The initiator may only send mode parameters for
pages if the target supports Changeable parameters within that page.
The Page Length sent by the initiator must be the same as the Page
Length value received from the target during a MODE SENSE command with
PCF set to 0l (binary). CDC products may optionally support the
following Page Codes:

Page Code Description
00H Product Unique. See individual product specifications.
01H Error Recovery parameters.
02H Disconnect/Reconnect Control parameters.

The initiator shall issue a MODE SENSE command requesting the target
to return all pages with Changeable values (see PCF field description
for MODE SENSE command) prior to issuing any MODE SELECT commands.
This allows the initiator to correctly determine which pages are
supported, the proper length for those pages, and which parameters in
those pages may be changed for that Logical Unit Number.

e — —— e o 2t
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12.1.4 MCDE SENSE Command (1lAH)

Peripheral Device Type: Write-Once Read-Multiple and
Read-Only Direct Access
Operation Code Type: Mandatory

TABLE 12-7. MCODE SENSE COMMAND

BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 I 0 i
BYTE | | - ] ] | ] | | |
o ] o ‘0 0 : 1 1 0 L1 0 |
1 ] Logical Unit Number | 0 0 0 0 0 |
21 PCF | Page Code ]
3 | Q Q 0 0 0 o] ] 0 ]
4 ] Allocation Length |
5 | 0 0 0 0 0 o) | Flag | Link |

The MODE SENSE command (Table 12-7) provides a means for a target to
report its medium, logical unit, or peripheral device parameters to
the initiator. It is a complementary command to the MODE SELECT
command for support of medium that may contain multiple block lengths.

The Page Control Field (PCF) defines the type of mode parameter
values to be returned. The target shall return the same Page Length
for each supported page regardless of the value in the PCF. The
field is defined as follows:

Bit 7 Bit 6

0 (o} Return Current values. The Current values are the
values currently being used by the target to control its
operation. After a Power On Reset, a hard RESET, or a
BUS DEVICE RESET message the Current values will be
equal to the Saved values (if Saved values are suppocrted
and can be retrieved) or the Default values (if Saved
values aren't supported or cannot be retrieved). The
Current value of a parameter is updated whenever a MCDE
Select command that changes that parameter ends with
GOCD status being returned.

0 1l Return Changeable values. The changeable values of any
page is a mask that indicates which parameters may be
changed via a MODE SELECT command and which parameters
may not. Each returned parameter byte shall contain
ones where a field or bit may be changed and zeros where
a field or bit may not be changed.

\AG91a AEV. 783 COC Partec n L3
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1 o} Return Default values. The Default values are the
values a target will set the Current values to after a
reset condition unless valid Saved values are available.

1 1 Return Saved values. The Saved values are the values a
target stores in non-volatile memory. The Saved wvalues
of any changeable parameter can be set via a MODE SELECT
command. For nonchangeable parameters, the Default
value will be used. Support for Saved parameter values
is optional for CDC products. :

! m The Block Descriptor will contain its normal values regardless of the

| a value of the PCF. Unsupported-firlds or bits within a page will be
| @ returned as zeros for all PCF values.
m The Page Code allows the initiator to select one or all of the pages
| m of Mode parameters supported by the target. Page Codes which may be
m supported by CDC products are listed here:
s Page Code Description 4
n 00H - Product Unique. See individual products specification.
a 01H Error Recovery parameters. ;0
a 02H Disconnect/Reconnect Control parameters. N
| = 3FH Return all supported pages.
The Allocation Length specifies the number of bytes that the initiator
has allocated for returned MODE SENSE Data. An Allocation Length of
zero indicates that no MODE SENSE data shall be transferred. This
condition shall not be considered as an error. Any other value
indicates the maximum number of bytes that shall be transferred. The
target shall terminate the DATA IN phase when Allocation Length bytes
have been transferred or when all available MODE SENSE data have been
transferred to the initiator, whichever is less.
m The MODE SENSE data (Table 12-8) will always include a four-byte header,
m followed by one eight-byte block descriptor, followed bv the reguested
a page or pages of MODE SENSE parameters. :

\AB918 SEY. /83 COC . Brintag m o 3
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TABLE 12-8. MODE SENSE DATA

BIT| 7 | 6 | 5 | 4 | 3 | 2 | 1 | o] |
BYTE | | | | | | ! l
0 Sense Data Length |
1 | Medium Type |
_2 | WP | Reserved |  EBC |
3 ] Block Descriptor Length |

Block Descriptor(s)
| Reserved
| Number of Blocks (MSB)
i Number of Blocks
| Number of Blocks (LSB)
|
|
I
!

Reserved

Block Length (MSH)
Block Length

Block Length (LSB)

] Parameter Information
Mode Select Page Headers
and their parameters |

~46Ju19t»L)H<3

P
=

—

{ ‘ The Sense Data Length specifies the length in bytes of the following
MODE SENSE data that 1s available to be transferred during the DATA
IN phase. The Sense Data Length does not include itself.

Code values for the Medium Type f£ield shall be assigned as follows:

OCH Default (only one medlum type supported)
01H--7FH Reserved
= 80H--FFH Reserved

An Enable Blank Check (EBC) bit of zero indicates that blank checking
of the medium during write operations is disabled. An EBC bit of one
indicates that blank checking during write cperations is enabled.

For read-only direct-access devices, the EBC bit is reserved.

A Write Protected (WP) bit of zero indicates that the medium is write
enabled. A WP bit of one indicates that the medium is write
protected. For read-only direct-access devices, the WP bit is
reserved.

The Block Descriptor Length specifies the length in bytes of the Block
Descriptor. It is equal to the number of bytes in the Block Descriptor
(8) and does not include the page headers and mode parameters, if

any. CDC products will send one Block Descriptor per LUN.

AgQia AEY. /83 CRC Snnteg ~ o



ENG!NEER’NG SPEC 64721700

@ AQAGNE:C PERJPHERALS INC. cD 9
aComrol
. g i REV
o SPECIFICATION -~
‘ PAGE 190 "

TWIN CITIES DISK DIVISION

Each Block Descriptor specifies the medium characteristics for all or
part of a logical unit. Each Block Descriptor contains a Number of
Blocks and a Block Length.

The Number of Blocks field indicates the numSer of logical blocks
that have the block length specified in the Block Descriptor. The

Block Length field indicates the length in bytes of each logical
block.

m® TABLE 12-9. MODE SENSE PAGE DESCRIPTOR HEADER

(o4}
-
3
~
[+ )]

| 5 | 4 | 3 | 2 | 1 | 0

1 | | | | | :

PS ] 0 Page Code
Page Length

n_ | Mode Parameters

H

Y

U (ad (=]

2

Each page of mode parameters (for the MODE SENSE command) begins with
a two byte Page Descriptor Header. The Page Code identifies which
page of mode parameters is being transferred. The Page Length
indicates the number of additional bytes of mode parameters being sent
by this target. Multiple pages of mode parameters may be transferred
in one MODE SENSE data in phase (using page code 3FH).

The Parameters Saveable (PS) bit, when set to one, indicates that the
page contains Saved parameters. Since the support of Saved values is
optional, refer to individual product specifications to see which
parameters are saved. When the PS bit is set to zero, none of the
parameters within the page are saved.

— e smainn mase Socsmn

Since support for most mode parameters is optional, some CDC products
will return a Page Length that'is shorter than the number of bytes
defined in this specification.
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mm TABLE 12-10 ERROR RECOVERY PAGE

7 | 6 | 5 ] 4 | 3 I 2 ] 1 | 0
| ! | | | ! ]
0 ) | 0 Q 0 0 0 1
1 Page Length
2 AWRE | ARRE | TB | _RC | EEC | PER | DTE | DCR
3
4

- —
o
(]

Retry Count
| Correction Span
_5=-7 | Reserved .

The Automatic Write Reallocation of defective data blocks Enabled
(AWRE) pit, when set to one, allows the target to automatically
relocate bad blocks detected during write operations. This function
doesn't apply to the FORMAT UNIT command. When set to zero, the
target shall not perform automatic reallocation but shall create the
CHECKX CONDITION Status with Sense Key of MEDIUM ERROR instead.

The Automatic Read Reallocation of defective data blocks Enabled
(ARRE) bit, when set to one, allows the target to automatically
relocate bad blocks detected during read operations. When set to
zero, the target shall not perform automatic reallocation but shall
create the CHECK CONDITICON Status with Sense Key of MEDIUM ERROR
instead.

The Transfer Block (TB) bit, when set to one, indicates that the
failing data block shall be transferred to the initiator.
When set to zero, the failing data block shall not be transferred.

The Read Continucus (RC) bit, when set te one, requests the target to
transfer the requested data length without adding delays (for retries
or ECC correction) that may be required to ensure data integrity.

The target may send data that is erroneous in order to maintain the
continuous flow of data. This bit shall override the DTE bit if it

is set. When set to zero, recovery actions during data transfer are
allowed.

The Enable Early Correction (EEC) bit, when set to one, allows the
target to apply ECC correction as soon as possible, before the retry
count is exhausted. Seek error retries are not affected by this bit.
When this bit is set, the DCR bit must be zero. When the EEC bit is
set to zero, the target shall exhaust the retry count before applying
ECC correction.

The Post Error (PER) bit, when set to one, indicates that the target
will report CHECK CONDITION status and appropriate Sense XKey for any
recovered errors encountered. Reporting of unrecoverable errors will
have priority over Reporting of recoverable errors. When set to
zero, any errors recovered within the limits established by the other
Error Recovery Flags will not be reported. Any unrecoverable errors
will still be reported.

Pt
8 Héasaduas
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The Disable Transfer on Error (DTE) bit is only valid when the PER bit
is also set to one. When the DTE bit is set to one, it indicates

that the target will terminate data transfer even for recoverable
errors. The setting of the TB bit determines whether the block in
error will be transferred. When DTE is set to zero, data transfer
will continue if recoverable errors are encountered. If the PER bit
is one and the DTE bit is zero, recoverable errors will be reported
after all data has been transferred.

The Disable Correction (DCR) bit, when set to one, indicates that ECC
correction shall not be applied to the data even if correction is
possible. When set to zero, ECC correction shall be applied if
correction is possible. '

The Retry Count is the maximum number of times that the target should
attempt its read recovery algorithm.

The Correction Span is the size of the largest read data error, in
bits, on which ECC correcticon may be attempted. Data errors longer
than this span will be reported as unrecoverable errors.

am TABLE 12-11 DISCONNECT/RECONNECT CONTROL PARAMETERS

td
[
+3
~3

S
-
.

|

|

i Page Length

! Buffer Full Ratio
| . ‘ Buffer Empty Ratio
] Bus Inactivity Limit (MSB)
|

J

|

|

|

Bus Inactivity Limit (LSB)
Disconnect Time Limit (MSB)
Disconnect Time Limit (LSB)
Reserved (alwavys zeros)

Reserved (alwavys zeros)

od

4

um\JmmprHOg
H

Both the ratio parametars are the numerator of a fractional
multiplier that has 256 as its denominator.

The Buffer Full Ratio indicates, on READ commands, how full the
target's buffer shall be prior to reconnecting. Targets that include
a larger granular buffer block size shall round down to the nearest
whole buffer block.

The Buffer Empty Ratio indicates, on WRITE commands, how empty

the target's buffer shall be prior to reconnecting to fetch more

data. Targets that include a larger granular buffer block size shallf,\
round up to the nearest whole buffer block. ‘ %wj
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The Bus Inactivity Limit field (bytes 4 and S) indicates the time,
in 100 microsecond increments, that the target is allowed to assert
the BUSY signal without handshakes until it shall disconnect. The
target may round down to its nearest capable value. A value of zero
indicates that the target is allowed-to maintain the bus busy
indefinitely without handshakes.

The Disconnect Time Limit field (bytes 6 and 7) indicates the tinme,

in 100 microsecond increments, that the target shall remain disconnected
until it shall attempt to reconnect. The target may round down to

its nearest capable value. A value of zero indicates that the target

is allowed to reconnect immediately.

For Page Code 3FH, all pages supported by the target will be
returned. Some page codes may be supported for one PCF value (for
example, Default) but may not be supported for another PCF VALUE (for
example, Changeable). However, a Default walue and a Current value
is required for all supported parameters.

i ot e Gt —_
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2.2 Group 1 Commands for Write-Once Read-Multiple Devices
The Group 1 commands for write-once read-multiple devices shall be as
shown in Table 12-13.

TABLE 12-13. GROUP 1 COMMANDS FOR WRITE-ONCE READ-MULTIPLE DEVICES

OPERATION ‘
CODE TYPE _ COMMAND NAME SECTION
20H R
21H R
22H R
23H R
24H R
= 25H M READ CAPACITY 8.2.1
25H R
274 R
28H M READ EXTENDED 12.2.1
29H R
2AH M WRITE EXTENDED 12.2.2
- 2BH M SEEX EXTENDED 8.2.4 -
2CH R R
2DH R
2EH O WRITE AND VERIFY 12.2.3
2FH 2 VERIFY 12.2.4
30H Q SEARCH DATA HIGH 12.2.5.1
31H o SEARCH DATA EQUAL 12.2.5.2
32H o} SEARCH DATA LOW 12.2.5.3
= 33H R :
34H R
35H R
36H R
374 R
38H R
39H o} COMPARE 12.2.5
3AH o COPY AND VERIFY 12.2.86
] 3BH M WRITE DATA BUFFER 7.2.3
a 3CH M READ DATA BUFFER 7.2.4
3DH R
3EH R
3FH R
key: (Type definitions are defined in 6.1.2).
M = Command implementation is mandatory.
C = Command implementation is optional.
R = Cperation code is reversed for future standardization. A
W
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12.2.1 READ EXTENDED Command (28H)

Peripheral Device Type: Write-Once Read-Multiple and
Read-Only Direct Access
Operation Code Type: Mandatory

TABLE 12-14. READ COMMAND

BIT| 7 | 6 | 5 1 4 | 3 | 2 | 1 | 0 |
BYTE ! | ] | L ! ] |
0 0 0 1 0 1 0 0 0 |
1 Logical Unit Number | o 0 0 Q | 0 |
-2 Logical Block Address (MSRB) |
3 Logical Block Address !
4 Logical Block Address |
-5 ] Logical Block Address (LSB) |
6 | 0 0 0 Qo 0 0 0 0 |
7 Transfer Length (MSB) |
8 | Transfer Length (LSB) |
9 | 0 Q Q C 0 0 | Flag 1 GLink |

The READ command (Table 12-14) requests that the target transfer data
to the initiator from the medium.

The Logical Block Address specifies the logical block at which the
read operation shall begin.

The Transfer Length specifies the number of contiguous logical blocks
of data that shall be transferred. A Transfer Length of zero
indicates that no data shall be transferred. This condition shall
not be considered as an error. Any other value indicates the number
of logical blocks that shall be transferred.

This command shall be terminated with a status of RESERVATICN
CONFLICT if any reservation access conflict (see 8.1.8) exists and no
data shall be transferred.
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If any of the following conditions occur, this command shall be
terminated with a CHECK CONDITION status and, if extended sense is
‘implemented, the Sense Key shall be set as indicated in the following
table. This table does not provide an exhaustive enumeration of all
conditionsz that may cause the CHECX CONDITION status.

CONDITION SENSE KEY

Invalid Logical Block Address : ILLEGAL REQUEST (see note 1)
Target reset or medium change since .

the last command from this initiator UNIT ATTENTION :
Overrun or other error that might

be resolved by repeating the command - ABORTED COMMAND

Attempt to read a blank or previously

unwritten block BLANK CHECX (see note 2)
NOTES:

1. The extended sense Information Bytes shall be set to the
Logical Block Address of the first invalid address. -

2. The extended sense Information Bvtes shall be set to the
Logical Block Address of the first blank block encountered.
. The data read up to that block shall be transferred.

@
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12.2.2 WRITE EXTENDED Command (2AH)

Peripheral Device Type: Write-Once Read-Multiple
Operation Code Type: Mandatory

TABLE 12-15. WRITE EXTENDED CCMMAND

BIT]| 7 | 6 | 5 ] 4 | 3 |2 | 1 i 0 |
BYTE | | | ] ! | | [ l
0 Q 0 1 0] 1 O 1 Q !
1 Logical Unit Number ] 0 0 Q 0 0 |
2 | Logical Block Address (MSB) |
3 i Loq1cal Block Address |
4 I Logical Block Address |
5 ! Logical Block Address (LSB) |
6 ] (0] Q 0 Q ¢} Q 0 0 ]
7 ! Transfer Length (MSE) |
8 ! Transfer Length (LSB) i
9 { 0 o] Q 0 0 Q | Plag | Link |

The WRITE command (Table 12-15) requests that the target write the
data transferred from the initiator to the medium.

The Logical Block Address specifies the logical block at which the
write operation shall begin.

The Transfer Length specifies the number of contiguous logical blocks
of data that shall be transferred. A Transfer Length of zero
indicates that no data shall be transferred. This condition shall
not be considered as an errcor and no data shall be written. Any
other value indicates the number of logical blocks that shall be
transferred.

This command shall be terminated with a status of RESERVATION
CONFLICT if any reservation access conflict (see 8.1.8) exists and no
data shall be written.
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If any of the following conditions occur, this command shall be
terminated with a CHECK CONDITION status and, if extended sense is
implemented, the Sense Key shall be set as indicated in the following
table. This table does not provide an exhaustive enumeration of all
conditions that may cause the CHECK CONDITICON status.

CONDITION - SENSE_XEY
Invalid Logical Block Address ILLEGAL REQUEST (see note 1)

Target reset or medium change since
the last command from this initiator UNIT ATTENTION

Overrun or other error that might
be resolved by repeating the command = ABORTED CCMMAND

Attempt to write a previously
written block and blank checking is
enabled (see 12.1.3) BLANX CHECK (see note 2)

NOTES: ‘
1. The extended sense Information Bytes shall be set to the /
Logical Block Address of the first invalid address. . \

2. The extended sense Information Bytes shall be set to the
Logical Block Address o¢f the first non-blank block
encountered. .
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12.2.3 WRITE AND VERIFY Command (2EH)
Peripheral Device Type: Write-Once Read-Multiple
Operation Code Type: Optional
TABLE 12-16. WRITE AND VERIFY COMMAND

BIT| 7 | 65 | 5 I a4 | 3 | 2 I 1 ] o |

BYTE | - | ! | [ ] ! ! |
0 0 0 1 ) 1 1 1 0. |
1 | Logical Unit Number | ) 0 0 | BytChkl| 0 ]

2 l . Logical Block Address (MSB) |
3 | Logical Block Address |
4 Logical Block Address |
g5 Logical Block Address (LSB) |
6 | 0 0 0 ) Q 0 ) 0 |
7 | Transfer Length (MSB) |
8 | Transfer Lenqgth (LSB !
9 | &) 0 0 o] o - 0 | Plag | Link !

The WRITE AND VERIFY command (Table 12-16) requests that the target
write the data transferred from the initiator to the medium and then
verify that the data is correctly written.

A Byte Check (BytChk) bit of zero causes the verification to be
simply a medium verification (CRC, ECC, etc). A BytChk bit of one
causes a byte-by-byte compare of data written to the peripheral
device and the data transferred from the initiator. 1If the compare
is unsuccessful, the command shall be terminated with a CHECK
CONDITICN status and the Sense Key shall be set tc MISCCOMPARE.

The Logical Block Address specifies the logical block at which the
write operation shall begin.

The Transfer Length specifiss the number of contiguous logical blocks
of data that shall be transferred. A Transfer Length of zero
indicates that no logical blocks shall be transferred. This
condition shall not be considered as an error and no data shall be
written. Any other value indicates the number of logical blocks that
shall be transferred.
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12.2.4 VERIFY Command (2FH)

Peripheral Device Type: Write-Once Read-Multiple and
Read-Only Direct Access '
Operation Code Type: Optional

TABLE 12-17. VERIFY CCMMAND

B

-
3

7 | 6 | 5 ] 4 | 3 | 2 | 1 | 0

| | | | ] | |
0 0 1 0 1 1 -1 1
Logical Unit Number | Q 0 | Bl1kVfy| BytChk] 0

|

|

|

Logical Block Address (MSB) |
Logical Block Address |
1

|

|

|

|

|

lo2]
g

Logical Block Address
Logical Block Address (LSB)

0 0 0 (¢] 0 0 Q 0
Verification Length (MSB)

Verification Length (LSB)
Q 8] () 0 Q Q

| Flag | Link

The VERIFY command (Table 12-17) requests that the target verify the
data on the mediumn.

A Byte Check (BytChk) bit of zero causes the verification to be
simply a medium verification (CRC, ECC, etc). A BytChk bit of one
causes a byte-by-byte compare of the data on the medium and the data
transferred from the initiator. The data shall be transferred as it
would be for a WRITE command. If the compare is unsuccessful, the
command shall be terminated with a CHECX CONDITICN status and the
Sense Key shall be set to MISCOMPARE.

A Blank Verify (BlxVEfy) bit of one causes a verification that the
blocks are blank. ’

The Logical Block Address specifies the logical block at which the
verify operation shall begin.

The Verification Length specifies the number of contiguous logical
blocks of data or blanks that shall be verified. A Verification
Length of zero indicates that no logical blocks shall be verified.
This condition shall not be considered as an error. Any other value
indicates the number of logical blocks that shall be verified.

A
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12.2.5 SEARCH DATA Commands (30H, 31H or 32H)

\ (
S0
5.

\Ag1q 3EY

v23

Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and
Read-Only Direct Access
Operation Code Type: Optional

TABLE 12-18. SEARCH DATA COMMANDS

Bit|. 7 ] 6 | 5 { 4 | 3 | 2 | 1 | 0
Byte | ] | ] ] | | ]

o__ | o 0 1 1 0 0 X X
1 | Logical Unit Number | Invert] 0 | 0 | SpnDat| 0
-2 | Logical Block Address (MSB)

3 | Logical Block Address

4 Logical Block Address

5 Logical Block Address (LSB)

8 | 0 0 0 0 0 Q 0 o)

7 ] Transfer Length (MSB)

8 | Transfer Length (LSB)

9 | Q 0 0 9 O 0 | Flag | Link

The SEARCH DATA commands (Table 12-18) search one or more logical
blocks for equality or inequality to a data pattern. The concept of
records within a logical block is used to allow multiple records
within a logiczal block to be searched.

An Invert bit of one indicates that the search condition is to be
inverted. See 12.2.5.1 through 12.2.5.3 for a description of the
search conditions for the individual SEARCH DATA commands.

A Spanned Data (SpnDat) bit of zero indicates that each record shall
be wholly contained within a single block. Any space at the end of a
biock that is smaller than the record length is ignored by the SEARCH
DATA commands. A SpnDat bit of one indicates that records span block
boundaries. Thus, a record may start in one block and end in the
next or a subsequent block.

A Transfer Length of zero indicates that no data shall be searched.
This condition shall be treated the same as an unsatisfied search.
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A Link bit of zero indicates a nonlinked command and if the search
is satisfied, the command shall be terminated with a CONDITION MET
status. A REQUEST SENSE command can then be issued to determine
the Logical Block Address and record offset of the matching record.
If the search is not satisfied and no error occurs, the command
shall be terminated with GOOD status.

A Link bit of one indicates a command is linked to the SEARCH DATA
command and if the search is satisfied, CONDITION MET status 1is
returned and the next command is executed. If the RelAdr bit in
the next command is one, the logical block address of the next
command is used as a displacement from the Logical Block Address at
which the search was satisfied. 1If a linked search is not
satisfied, the command is terminated with a CHECK CONDITION

status. A REQUEST SENSE command may then be issued.

A REQUEST SENSE command following a satisfied SEARCH DATA conmand
shall:

(1) Return a Sense Key of EQUAL if the search was satisfied by an
exact match. If the search was satisfied by an inequality then
a Sense Xey of NO SENSE shall be returned.

(2) Return the Valid bit set to one.

{(3) Return the Logical Block Address of the lcgical block
containing the first matching record in t! » Information Bytes.

(4) Return the record offset of the matching record in the first
four bytes of additional sense bytes.

A REQUEST SENSE command following an unsatisfied SEARCH DATA
command shall:

(1) Return a Sense Key of NO SENSE, if no errors occurred during
the command execution.

. (2) Return the Valid bit set to zero.

The SEARCH DATA parameter list (Table 12-14) contains a
fourteen-byte header, followed by one or more search argument
descriptors.
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TABLE 12-19. SEARCH DATA PARAMETER LIST

ct
®

Parameter List Header

Logical Record Length (MER)

Logical Record Length

Logical Record Length

Logical Record Length (LSR)

First Record Offset (MSR)

First Record Offset

First Record Offset

e

First Record Offset (LSB)

Number of Records (MSB)

Number of Records

Number of Records

Number of Records (LSB)

! i:S¢HDQOHﬂ&LJNkW3$

Search Argqument Length (MSB)

b=

 (ad Cad
W N

Search Arqument Length (LSB)

Search Arqument Descriptor(s)

Displacement (MSB)

Displacement

Displacement

Displacement (LSB)

Pattern Length (MSB)

Pattern Length (LSB)

mUMDWk“JO
— =}

Pattern

The Logical Record Length field specifies the record length in
bytes. ; .

The First Reccrd Cffset field specifies the number of bytes that
shdll be ignored in the first logical block before the search
begins. The value in the First Record Offset field shall not
exceed the length of the logical block. Subsequent logical blocks
shall be searched beginning with the first byte in the logical
bleck. This permits one or more records to be skipped initially.

The Number of Records field specifies the maximum number of records
that shall be searched by this command. An unsatisfied search
shall terminate when the Number of Records or the number of blocks
(from the Command Descriptor Block) have been exhausted.

The Search Argument Length specifies the length in bytes of all the
Search Argument Descriptors that follow. Since the Pattern Length
can vary, there is no fixed multiple of the Search Argument
Descriptor to determine the Search Argument Length.

The Search Argument Descriptors specify one or more search
conditions to execute within a single record in order to satisfy
the search. Each Search Argument Descriptor is made up of a
Displacement, a Pattern Length, and a Pattern.

AG018 AEV. /83 CCC
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The Displacement field specifies the displacement in bytes of the

first byte of the data to be compared from the start of the logical
record.

The Pattern Length field speclfzes the length in bytes of the
pattern that follows.

The Pattern specifies the data to compare to the logical record.

12.2.5.1 SEARCH DATA HIGH Command (30H)

The SEARCH DATA HIGH command shall be satisfied by the first
logical record searched that contains data that satisfies all of
the Search Argument Descriptor(s). 1If the Invert bit in the
Command Descriptor Block is zero, the Search Argument Descriptor(s)
shall be satisfied by data in the logical record being greater than
the data in the pattern. If the Invert bit is one, the Search

_ Argument Descriptor(s) shall be satisfied by data in the logical

_ record being less than or equal to the data in the pattern. (See
- 12.2.8).

'12.2.5.2 SEARCH DATA EQUAL Command (31H)

The SEARCH DATA EQUAL command shall be satisfied by the first
logical record searched that contains data that satisfies all of
the Search Argument Descriptor(s). If the Invert bit in the
Command Descriptor Block is zero, the Search Argument Descriptor(s)
shall be satisfied by data in the logical record being equal to the
data in the pattern. If the Invert bit is one, the Search Argument
Descriptor(s) shall be satisfied by data in the logical recozd
being not equal to the data in the pattern. (See 12.2.5).

12.2.5.3 °"SEARCH DATA LOW Command {(32H)

The SEARCH DATA LOW command shall be satisfied by the first logical
. record searched that contains data that satisfies all of the Search
Argument Descriptor(s). If the Ianvert bit in the Command
Descriptor Block is zero, the Search Argument Descriptor(s) shall
be satisfied by data in the logical record being less than the data
in the pattern. 1If the Invert bit is one, the Search Argument
Descriptor(s) shall be satisfied by data in the logical record

being greater than or equal to the data in the pattern. (See
12.2.5).

-
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12.2.6 COMPARE Command (39H)
Peripheral Device Type: All
Operation Code Type: Optional
TABLE 12-20. COMPARE CCMMAND

BIT| 7 ] 6 | 5 | 4 | 3 | 2 | 1 | 0 |
BYTE | | | | i L | |
[¢) o] . 0 1 1 1 0 [¢] 1 |
1 | Logical Unit Number ] 0 0 o] 0 o] |
2 | 0 0 0 0 0 0 0 0 |
3 | Parameter List Length (MSB) |
4 L Parameter List Length |
5 | Parameter List Length (LSRB) |
6 | 0 0 0 0 o) Q 0 Q |
7 { Q 0} 0] 8] 0 0] o] 0 |
8 | Q (0] 0 Q Q o) Q 0 !
) | o} 0 0 0 0 0 | Flag | Link |

The CCOMPARE command (Table 12-20) provides the means to compare
data from one logical unit with another or the same logical unit in
a manner similar to the COPY command. '

This command functionsz in the same manner as the COPY command,
except that the data from the source is compared on a byte-by-byte
basis with the data from the destination. The parameter list
transferred to the target is the same as for the COPY command.
This parameter list contains the information to identify the
logical units invelved in the comparison and the length of the

comparison. (See 7.1.4 for additional information about the COPY
command. )

If the comparison is unsuccessful, the command shall be terminated
with a CHECX CONDITICN status and the Sense Xey shall be set to
MISCCMFARE. The remaining fields in the extended sense shall be
set as documented in the CCPY command.
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12.2.7 COPY AND VERIFY Command (3AH)

Peripheral Device Type: All
Operation Code Type: Optional

TABLE 12-21. COPY AND VERIFY CCMMAND

BIT| 7 i 6 | 5 | 4 I 3 | 2 | 1 | 0
BYTE | | | | 1 | | S
) 0 1 1 1 0 1 0
1 | Logical Unit Number | 0 Q o) |BvtChk | 0
2 L 0 0 g 0 0 Q 0 0]
3 | Parameter List Length (MSB)
4 ] Parameter List Length
- | Parameter List Length (LSB)
6 | Q 0 (] 0 0 ¢} 0 0
7 | a 0 8] Q 0 0 9] 0
8 ] 9) Q Q 0 Q ] 0 o
9 | g 9 o) o] Q 0 | Flag | Link

The COPY AND VERIFY command (Table 12-21) performs the sane
function as the COPY command, except that a verification of the
data written to the destination logical unit is performed after the
data is written. The parameter list transferred to the target is
the same as for the COPY command. This parameter list contaias the
information to identify the logical units involved in the copy and
the length ¢of the copy. (See 7.1.4 for additional information
about the COPY command.)

A Byte Check (BytChk) bit of zero causes the verification to be
simply a medium verification (CRC, ECC, etc). A BytChk bit of one
causes a byte-by-bvte comparison of data written to the destination
logical unit and the data read from the source logical unit.

If the comparison is unsuccessful, the command shall be terminated
with a CHECK CONDITICN status and the Sense Key shall be set to
MISCOMPARE. The remaining fields in the extended sense shall be
set as documented in the COPY command.
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13.0 CCMMAND DESCRIPTIONS FOR READ-ONLY DIRECT-ACCESS DEVICES
13.1 Group O Commands for Read-Only Direct-Access Devices

The Group O commands for read-only direct-access devices shall be as

shown in Table 13-1.

TABLE 13-1. GROUP O CCMMANDS FOR READ-ONLY DIRECT-ACCESS DEVICES

OPERATION . .
CODE TYPE COMMAND NAME SECTION
o COH M TEST UNIT READY 7.1.1
] ol8 M REZERO UNIT 8.1.1
02H R
03H M REQUEST SENSE 7.1.2
04H R
05H R
06H R
07H R
g = 08H M READ 12.1.1
09H R
OAH R
] 0BH M SEEX 8.1.6
CCH R .
CDH R
OEH R
OFH R
10H- R
118 R
] 124 M INQUIRY - ) 7.1.3
13H R
14H R
@ 18H M MODE SELECT 12.1.3
m 16H M RESERVE g.1.8
Q 174 M RELEASE 8.1.9
| 18H M COoPY 7.1.4
19H R
] 1AH M MODE SENSE 12.1.4
1BH (o) START/STOP UNIT 8.1.11
1CH O RECEIVE DIAGNOSTIC RESULTS 7.1.5
- 1DE M SEND DIAGNCSTIC 7.1.6
1EH o) PREVENT/ALLOW MEDIUM REMOVAL 2.1.12
1FH R
! (;’ key: (Type definitions are defined im 6.1.2).
. M = Command implementation is mandatory.

O = Command implementation is optional.
R = Operation code is reversed for future standardization.

A6914 AEV. /83 CCC Senee
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13.2 Group 1 Commands for Read-Only Direct-Access Devices

" The Group 1 commands for read-only direct-access devices shall be as
shown in Table 13-2.

- Table 13-2. GROUP 1 COMMANDS FOR READ-ONLY DIRECT-ACCESS DEVICES

OPERATION

CODE

TY

rd

20H

21H

. 22H
23H

24H

o 25H
26H

27H

28H

29H

2AH

= 2BH
2CH

2DH

2EH

2FH

3CH

31H

32H

= 33H
34H

35H

36H

374

38H

39H

3AaH

a 3BH
= 3CH
3DH

3EH

3FH

UWHEEOOWWWN YV WOOOORNWWRWIWRWNIZR N MHX

COMMAND NAME

READ CAPACITY
READ EXTENUED

SEEK EXTENDED

VERIFY

SEARCH DATA HIGH

SEARCH DATA EQUAL

SEARCH DATA LOW

CCMPARE

CCPY AND COMPARE

WRITE DATA BUFFER

READ DATA BUFFER

SECTION
8.2.1
12.2.1
8.2.4
12.2.4
12.2.5.1
12.2.5.2
12.2.5.3
12.2.6
12.2.7

. 7.2.3
7.2.4

key: (Type definitions are defined in 6.1.2).
M = Command implementation is mandatory.
O = Command implementation is optional.

R = Operation code is reversed for future standardization.
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14.0 STATUS

A status byte shall be sent from the target to the initiator during
the STATUS phase at the termination of each command as specified in
Tables 14-1 and 14-2 unless the command is cleared by an AEORT
= message, by a BUS DEVICE RESET message,., by a "hard" RESET condition,
m or by a catastrophic reset condition.

TABLE 14-1. STATUS BYTE

7 | 6 | -5 ] 4 ] 3 ] 2 | 1 ] 0 |
] ] ] | l
0 | 0 i 0 | Status Byte Code | o] !

BIT
BYTE

0

b B e
.
SEY

TABLE 14-2. STATUS BYTE CODE BIT VALUES

Bits of Status Bvte

7 6 5 4 3 2 1 Q Status(es) Represented
R 0] (0] 0 0 o] (0] 0 GCOD

R 0 0 0 0 0 1 0 CHECK CONDITION

R 0 0 0 4] 1 0 0 CONDITION MET/GOCD

R 0 0 0 0 1 1 0 Reserved

R 0 0 0 1l 0 0 0 BUSY

R 0 0 0 1 o 1 0 Reserved

R 0 0 C 1 1 o} 4] Reserved

R 0 0 0 1 1 1 0 Reserved

R © 0 1 0 0 0 0 INTERMEDIATE/GCOD

R 0 0 1 0 0 1 0 Reserved

R 0 0 1 0] 1 0 0 INTERMEDIATE/CCNDITION MET/GOCD
R 0 o} 1 0 1 1 o] Reserved

R 0 0 1l 1 0 0 0 RESERVATION CONFLICT

R 0 o} 1 1 0 1 (o} Reserved

R v} 0 1l 1 1 o o} Reserved

R 0 0 1 1 1 1 0

Reserved

m Key: R -~ Reserved bit (always zero).
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A description of the status byte codes is given below:

GOOD - This status indicates that the target has successfully
conpleted the conmmand.

CHECKX CCNDITION - Any error, exception, or abnormal condition that
causes sense data to be set, shall cause a CHECKX CCNDITICN status.
The REQUEST SENSE command should be issued following a CHECX
CONDITION status, to determine the nature of the condition.

CONDITION MET - The SEARCH DATA commands shall return this status
whenever a search condition is satisfied. This status does not break
a chain of linked commands. The logical block address of the logical
block that satisfies the search may be determined with a REQUEST
SENSE command.

BUSY ~ The target is busy. This status shall be sent whenever a
target i1s unable to accept a command from an initiator. The normal

initiator recovery action is to issue the command again at a later
time. .

INTERMEDIATE - This status shall be returned for every command in a
series of linked commands (except the last command), unless an error, -
exception, or abnormal condition causes a CHECK CONDITION status or a
RESERVATICN CONFLICT status to be set. If this status is not

returned, the chain of linked commands is broken: no further commands

in the series are executed.

RESERVATION CONFLICT - This status shall be returned whenever an SCSI
device attempts to access a logical unit or an extent within a

logical unit that is reserved for that type of access to another SCsI
device.

A8918 REV /83 COC ' Soamg o m G,
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Glossary of Flowchart Abbreviations

ATTN - ATTENTION signal on SCSI bus
BDR - . BUS DEVICE RESET message
BF - BUS FREE phase
CcMD - Command
DISCON - DISCONNECT message
ERR CD - Error Code in Request Sense byte 12
HDWE ERR - HARDWARE ERROR Sense Key
ID - IDENTIFY message
IDE - INITIATOR DETECTED ERROR message
LUN - Logical Unit Number -
MPE - MESSAGE PARITY ERROR message
MR - MESSAGE REJECT message
MSG - ¥essage
NOOP - NO OPERATION message
PAR ERR -~ Parity Error was detected during MESSAGE OUT phase
RES - Any Reserved or unimplemented message code
(extended or non-extended)
RP - RESET POINTERS message
SDP - SAVE DATA POINTER message e
STR - SYNCHRONOUS DATA TRANSFER RREQUEST message oo
U.A. - Unit Attention condition -

3127-1 0221D-
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FLOWCHART 1. SELECTION MESSAGES
TO _COMMAND PHASE _ (B)
/ / / /
/ ABORT_ (BF) / / /
/ | / Noop / +
/ | S / | i
/ |__BDR | gESET |0 (30) Ho / | |{CLRAR OD, DATA | |
/ N0 | | } ATTH / | _ABORT _|STATUS THIS | (8P) |
/ armd ./ | (e p e JARY TN | |
SELECTED _/ 1D | PROCESS | / | |
\ . | IpENTIFY| \ ATTH . BOR__| gpegr | (BF) |
\ ATTN___ —_— \ B | P | — |
\_._|usG) OTHER | w1l (B®) \___Ims6|_| /MBG.\ |
* louri MESSAGES I T jour) | | sewp swuc ||___/REBSULT\ DONB/OK |
1 | S, | j.sm=__| request || \CasEs /
[ ] |mEssace our|  FRIL _ (B82) | | | MmssacE 1| N
| |_(P2R _TRR) | RETRY |__RETEY ! } |
| |SEQUENCE | i | | | -
| (=4} | | clomme b el /rerey?\ N0 1§:1:3
| i | | MBssaGES |__ | \_{*2}) /
i v | | Y=s
L %
(‘ | |_{PAR IRR) | MBSSAGR |__FAIL (3@} |
| | cUr RETRY |__RETRY |
| | seQueNcs | | |
| (*¢) | |
HOTES: | ¥ $

l. ¥®SGC OUT may accept the next complste message (1 or 5 Bytes) or
may accept and buffer all message bytes availabie while ATM is asserted.

2. Retry is optional in these cases. If messages are duffered; discard.

3. The MSG OUT retry sequence will insure that any dbuffered messaqes are
diccarded and that ATIN is false.

L
| 1| iIndicates a transmission to the Host.

AAGSC1S REV. /83 CDC Onrted A o3
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\;M’

(3)
P —— /ATTN
| DISCON ] (BF)

/ | _mEssace ||
/DIFP HOST AND

REORT - ABORT - (BF) / DISCON OK (QUEUR C'D)
BDR -+ RESET - (BF) ___ | GET 9 |___. oo IN /
MOOP  + CONTINUE / | MoRE _BYTES| | PROCESS _/
/10 BYTE | (2) /\ samg mosT on
—_— /COMPAND | aro/ / \ DISCOM NOT CK
| GBT ist | / H / / \ / \
(8) | BYTE OF | / S BYTE | GETS | % / TNVALID \NO / (M)—-\_, l SET BUSY |___/ TO STATUS
|_coemup | \ COMMAND |MORE BYTES| \ \ L2 /N |_STaTus | \ PHASE
\ | \ / \ N0 QD IN )
\PARITY PARITY ¢ | s \ PROCESS ___/ TO VALID
\ERROR ERROR | | \ / '\ CCMMAND PROCZSS
\ i | \ / VALID COMEND
\ ] | \ /
\ | | “\
\ { ] \ INVALID CCMMAND
IR + MR ~ (Cy) \ i | \
STR = MR ~ (Cy) \ ] | N | ser |
M » (C) M \ N\ ) Iuizean |
MPE » RETRY ONCR - (BF) | | reEguasT | |
ID + MR - (Cy) i | _sENsg xEy) | s
RES < MR - (Cy) ] i
1 (1) |
21 | / |
IDE » 2P - (B) | — /Am |
STR * MR - (Cy) I\_4CST_AccreTs =P |/ _(B) |
MR MR - (Cg) | ¥SGS & lst RETRY | _MSG || |
MPE * MR - (Cy) | ]
D +mm - (Cy) | |
RES © MR - (Cy) | |
\ QD CYPLT ONLY OR ____ ] e
L3 (c) \ RETRY FAILID | ser |___4 | SET CHECK |___/TO STATUS
IDR + MR - (Cy) |HDWR BRR|™ +  |COND STATUS|  \PHASE
STR * MR ~ (Cy) , |
MR+ (M) |
MPE # RETRY CNCE - (BF) (Ce) | sErsaNsg xey |____| ser |____|
ID »MR - (Cy) {2 om ascey | I.?L&Q_I
RES + MR - (Cy)
/{ \‘
&
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FLOWCHART 3. VALID COMMAND PROCESS
| ser
. | cuecx  |__/ TO STATUS
/ | conpITION| \ PHASE
. | seT UP | /N0 ®BQ |_STATUS |
—| cLZAR U.A.]| | v.A. | o/ SENSE CMD
/ |_eexomNG | | smusg | \
/ iNeo | \ REQ
NOT INQUIRY AMD / \SEUSE QD
UNIT ATTM / \
PEMDING [ \
/ \ / TO COMMRND
/ / / \ EXECUTION
L o/ /N0 DISCONNECT REQUIRED OR /
COMTID ~\ INQUIRY OR UNIT / DISCOMNECT MSG NOT O /
\ ATTH NOT PENDING / /
/ \ / (D)
f \
\ g \ DISCONNECT REQUIRED AND
\DISCCHNECT MSG OK ;6)
\
\ P, /ATTN
(6) \ |DIscomMecT{|{___/ (82)
I0E < MR - (Cy) ] )
STR © MR - (Cy)
M -+ (D) (DO NOT DISCONNECT)
MPE < RETRY ONCE ~ (BF) (19)
D M - (Cy) /AT
ZB3 » MR -~ (Cyg) GOOoD —
RESELECTION SBLECT | Ioewr ||_/__/ CCHTINUR
T30 \ jmse i} \ EXECUTION
IDB + MR - (Cy) \ SELEBCTION
STR *» MR - (Cy) \ FAILED
MR + MR - (BF) \ (2#)
WPE < RETRY ONCE - (BF)
ID < MR - (Cy)
RBS MR - (Cy)

Ad914 AEY 283 CDC
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FLOWCHART 4. DATA OUT PHASE
| | WAIT UNTIL |___/ TO STATUS
i DISCONNBCT / | _WRITE COMPLETED | \ PHASR
| NOT ALLOWED /
| ./
| / \ DISCOMNECT (8) (8)
l i \ ALLOWED / /
i . | \ /ATTN /ATy
| | \ —_— A |
' | \__|7S0P 1l___/__|DISCONNBST||_/__ (B®)
| = // | msg 1} l»c |
%)) | / DISCCMNECT REQUIRED (8)
/ ] NO / AND ALLOWED /
/AT / \ / / aTTy
| RECRIVE DATA OUT |__/ / mcRE \_YES / | sop |]_t
; l : } g:?m \\ CATA 7// \\ gquuz:cén“m /gop uxslm;icmzla }
| | E=zoR \' ¥OT ALLOWED / ADDN'L MSGS CK i
} = ' \ § .
| / RWTIRY \_ NO___(C? \ O COMPLETR |
| (9') 2/ \CNLY ALLCWED |
| 7 \ / \ |
| —_— /AT { | |
| (mo B2 [ L | (9) | |
] lxse Ll | /ATTN | |
| ] ize ||_Z i |
] | | 2sc L] | | |
| + ¢ ¢ +
\ / / / /
(1) (9 8§ 9°) 8
IDB + (F) IDE + MR = (Cy) IDR + MR - (Cy)
STR + MR - (Cg) STR + MR - (Cy) STR + MR - (Cx)
MR <+ M - (Cx) m - (Cg) OR (Cx') MR < CONTINUR
MPE » MR - (Cyg) MPE + RETRY CNCE - (BF) MPS < RETRY ONCI - (BF)
ID +* MR - (Cx) ID * MR - (Cx) ID * M ~ (Cx)
REBS + MR - (Cyx) RES * MR ~ (Cyg) RES * MR - (Cx)
pe
AT
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FLOMCHART 5. DATA IN PHASR
(12) (12)
7 /
/NTT /ATTN
: / /
T0 ) soP || __/ Ip1scownecTi|_/___ (8P}
/= STATUS /|mse 1l lmsc Ll
| PHRSE /
(11) | / DISCONMBCT REQUIRED (12)
/ | NO / AND ALLOWED /
/2T / \ / / aTTH
(K)___| sanp oaTA TN  ||__/ / wore \_XES / |"sop ||/
/| ! \ DpaTa ?/ \  DISCOMMBCE NOT / {_wsg L} \
* AN \ REQUIRED OR /SDP MESDED AND |
| \ MOT ALLOWED / ADDM'L MSGS OK |
| \ / |
| \ ]
PR | \ G COMPLETR i
! ] (13) \QNLY ALLOWED |
A | J \ |
' | — / atme | 1
{ (| = {1 L [ ]
] {msg ! i | |
| { i |
| | | ]
! + b ¢
\ / / /
VIR 032 322
IDE < (I) IDE MR ~ (Cy) I8 + MR - (Cy)
m*m-zc‘z ST + M - (Cy) snn(n-(c,)
MR e MR - (Cy M -+ (Cy) MR+ (H)
MPR <+ MR ~ (Cy) MPR » RETRY QWCE ~ (BF) MPR * RETRY ONCE - (BF)
ID +MR - (Cy) - ID -+ MR - (Cy) ID + M - (Cy)
RES + MR - (Cy) RES + MR = (Cy) RES + MR - (Cy)

2,
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FLOWCHART §. STATUS PHASE
(16) amn
/ /
ATTH/ —_— ——— /AT
|SET STATUS | / LINKED \ e / / GOCD \ |coseanD || /
STATUS | (coop, BUSY, | /coemAMD \ MO __ | SEMD ||___/ / LINKED \_NO |compLETE| | / (BF)
| cuBcx | \ & 'GoOD*' / ¢+ | sTaTust) \corepn?/ |¥BSSAGE ||
|z | \_RESULTZ/ | \({Casr)/ I an
| YB3 | | ¥sS /
| | | — /AT
— | | |LDKED || /
| SET | | | (vomraL) |coraND || /
| DNTERMEDIATR| 7\ | |compLETR] | \
leBizs___| = : | I— (}7) \\ -
(8
| | /ATTH / TO OD
(14) 1s) | | lLovkap | / / PHASE
/ / | |_(mag Bry) jcorsad |/
/AT /AT | |coeLETR ||
7 / i 1WITH FLecl]
(x)__| s ||___ /L __| sewo ] . / 7
|spe wsal| | _Re_®sGl| N
— ] DRSRLECT GO 7O | PFIMNISH
|lsugreeg ]
(14) {15) 16 vi
IDE + MR - CONTINUR IDR * MR - CONTDIUR IDE + (K) IF 1ST TRY IDE + KR - (BF) .
STR + MR - CONTINUR STR + MR -~ CONTINUR STR + MR - CONTINUR STR + MR - (BF)
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