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@ Author: Isi-bbesmer
Subject: Note
Date: 6/2/2008 4:42:52 PM

5

ACCEPT - TODO (5/5 split the CONFIGURING bit into 2 bits so zoning and configuring cannot be confused. Make the zoning

‘backoff procedure only look at the zoning reason, not the self-configuring reason. Look for other places where software needs to

be advised to look at both bits, not just one.

Specifically, make the existing CONFIGURING bit the OR of the two reasons for best backwards compatibility, but add 2 extra bits
explaining the reason for any software that cares.

See comments added in 10.4.3.4 to add the new bits.

)

The CONFIGURING bit is (unfortunately) overloaded by both zoning and the self-discovery process. There are several cases like:
....shall set the CONFIGURING bit to zero when...

That is not correct behavior when both processes are outstanding.

\‘ Author: Isi-bbesmer

Subject: Note
Date: 5/25/2008 4:28:58 PM

REFER PROTOCOL WG (5/5 use "current" everywhere, fix the few remaining "active"s. Add "current" prefix ahead of bare ZPT

“everywhere that it is important.)

Global:

| think we have a problem with the generic term "zone permission table". We have several "zone permission tables" defined:
- Current

- Shadow

- Default

- Saved

Collectively, all 4 of these may be referred to "zone permission tables".
| think most current usages are intended to be "current zone permission table".

There are also 2 instance of "active zone permission table", which is undefined and I think really are "current zone permission
table".

This same concern applies to the term "active values".

The most obvious changes to me are:

1) Use "active" instead of "current" throughout when referring to zoning permission tables and zone manager password (I counted
25 occurrences that would need to be changed).

2) add "active" qualifier added to several instances of "zone permission table".

Author: RElliott
Subject: Note
Date: 6/9/2008 4:59:11 PM
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Date: 6/9/2008 4:58:51 PM
@ACCEPT - DONE (Total stats:)

WARNING: comment statuses updated between Wed 5/21 10pm and Sat 5/24 9 am were lost as the Physical WG responses were
merged on 5/24. For some reason, some of the imported comments had later dates in the .fdf than their updated duplicates, even

though they were really older. Comment statuses were restored based on the 5/21 file, but some will be missed. New comments
added between 5/21 and 5/24 appear to have survived.

Total comments: 2789
Accept - Done: 1641 (58.84%)
Accept - Last: 0 (0.00%)
Accept - Todo: 25 (0.90%)
Accept (only): 0 (0.00%)
Reject - Todo: 1 (0.04%)
Reject (only): 831 (29.80%)
Refer PHY: 5 (0.18%)
Refer PROTOCOL: 53 (1.90%)
Refer - Vote: 0 (0.00%)
Refer: 0 (0.00%)
Todo (only): 5 (0.18%)
Total worked: 2561 (91.83%)
Left: 228 (8.17%)

—@ Author: ibm-pcashman
Subject: Note
Date: 5/6/2008 4:07:47 PM
\*JREJECT (The hard reset sequence - a link reset sequence with a HARD_RESET primitive - sends a SCSI "hard reset" to an end
7" “device (target or initiator). That's the deepest reset available in the protocol. Expanders ignore it; there is no sequence you can
send to one phy of an expander to mess up all the other phys. Resetting an embedded SES logical unit inside an expander might
have the effect of resetting the switch functionality as well (that's vendor-specific))

At the enterprise level there is a need to have an attached SAS device perform a deep reset, where all device software or firmware
is re-initialised. [Typically in this scenario, enterprise would ask for a debug dump to be taken for future analysis too.] This would
equate to a reset at the protocol level. This reset should apply to all devices, expanders, drives etc.

| don't see how is this done in SAS?

——@ Author: ibm-pcashman
Subject: Note
Date: 5/25/2008 4:29:51 PM

( JREJECT (5/5 EPOW = early power off warning. See NOTIFY (POWER LOSS EXPECTED) is for)
v
At the enterprise level and possibly for other environments, there is also a need to specify behaviour for EPOW. SAS seems to
have no method of indicating EPOW to devices, potentially leaving disk systems with 'damaged' sectors that will then fail on array
rebuilds, causing data loss. This is unacceptable for the enterprise market and some method of signalling EPOW is required.

——@ Author: ibm-sandy-shirk-heath
Subject: Note
Date: 5/25/2008 4:31:06 PM

( hJREJECT (Those are items that would go in the SFF specs for the connectors, not in this standard)

Proposal posted with items that need to be covered:
08-186r0.pdf
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T REJECT (close enough for an abstract)

Is SAS always intended to be compatible with SATA physical
interconnect? There are issues of keying, and perhaps there are
conditions for some blocks that don't support SATA 6G that may not
meet their performance. It is a goal, but SATA 6G is a moving target.
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Revision Information

R.1 Revision sas2r00 (1 October 2005)
First release of SAS-2. The project proposal was 05-060r0.

Incorporated these changes per the January 2005 CAP WG (05-035r0) and T10 plenary (05-036r2):

a) 04-372r2 SAM-4 SPC-4 SAS-2 |_T NEXUS RESET task management function (Rob Elliott, HP)
b) 04-297r2 SAM-4 SAS-2 FCP-3 Retry delay (George Penokie, IBM)

No changes were approved in the March 2005 T10 plenary (05-097r0) or the May 2005 T10 plenary
(05-165r1).

Incorporated these changes per the July 2005 SAS protocol WG (05-272r0) and T10 plenary (05-275r0):
a) 05-167r5 SAS-2 New NOTIFY to indicate imminent power failure (George Penokie, IBM)

Incorporated these changes per the September 2005 SAS protocol WG (05-335r0) and T10 plenary
(05-338r0):

a) 05-299r1 Correct log page format tables in SPC-4, SBC-3, and SAS-2 (Ralph Weber, ENDL)

b) 05-305r0 Maximum SMP response time (Rob Elliott, HP)

c) 05-307r0 SAS-2 Modifications to NOTIFY to indicate imminent power failure (Mark Evans, Maxtor),
dropping the proposed note that just restates the rule being added.

R.2 Revision sas2r01 (13 November 2005)
Incorporated these changes per the November 2005 SAS protocol WG (05-417r0) and T10 plenary
(05-420r0):

a) 04-222r6 SAS-2 More phy test patterns (Rob Elliott, HP). Added the PHY TEST PATTERN DWORDS
CONTROL and PHY TEST PATTERN DWORDS fields to the SMP PHY TEST FUNCTION function.

b) 05-306r2 SAS-2 STP connection time limits and STP/SMP |_T nexus loss (Rob Elliott, HP). Corrected
all the length field values.

c) 05-412r0 SAS-2 revision 0 minor corrections (Rob Elliott, HP)

d) 05-370r2 SAS-2 NOTIFY (POWER FAILURE EXPECTED) fixes (George Penokie, IBM). Included a
PROTOCOL IDENTIFIER field in the new subpage to follow the convention of the Protocol-Specific mode
pages

e) Changed the ST_ITS3 and ST_ITS4 states to set the TARGET PORT TRANSFER TAG field to FFFFh
rather than zero (for COMMAND and TASK frames) to agree with the definition of the field in 9.2.1
(found by Ron Roberts, Broadcom)

R.3 Revision sas2r02 (18 January 2006)
Incorporated these changes per the January 2006 SAS protocol WG (06-038r0) and T10 plenary (06-041r0):
a) 06-055r0 (aka 04-172r4) SAS-2 More counters (Rob Elliott, HP)
b) 05-309r3 SAS-2 Add device name to IDENTIFY address frame (Rob Elliott, HP)
c) 06-028r1 SAS-2 Redundant primitive sequence handling (Steve Gorshe, PMC-Sierra)
d) 06-054r1 SAS-2 Expander issue resolutions (Rob Elliott, HP) covering issues raised by 05-373r2
SAS-2 Expander issues (Craig Stoops, Expert 1/0)

R.4 Revision sas2r03 (20 March 2006)
Incorporated these changes per the March 2006 SAS protocol WG (06-124r0) and T10 plenary (06-127r0):
a) 06-122r2 SAS-2 zoning - phy features (Ralph Weber, ENDL). Conflicts with 06-082r2 about whether
thes SMP function contains source or destination zone group numbers, especially related to the zone
address resolved method, are described with editor’s notes. How source zone group 2 is handled was
not mentioned; made it based on the zone permission table like all other source zone groups and
included an editor’s note that more rewrite may be forthcoming. Vague rule about not sending “zoning
information” out certain phys tagged with an editor’s note. Included editor’s notes by each reference
to an SMP zone configuration function that is not yet defined.
b) 06-130rl1 SAS-2 sticky zone groups (Kevin Marks, Dell)
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c)

d)
e)

h)

06-082r2 SAS-2 zoning-related SMP functions (Ralph Weber, ENDL and Steve Johnson, LSI Logic) -
adds the ORIGINATE BROADCAST PRIMITIVES function. Changed name of the function to ZONED
BROADCAST.

06-083r1 SAS-2 Handle STP CLOSE and SATA_X_RDY crossing on the wire (Bob Sheffield, Intel)
06-099r0 SAS-2 Transitions from SL_CC1:ArbSel (Brian Day, LSI Logic). Used “SOAF/Data Dwords/
EOAF Transmitted message” instead of “transmitted the OPEN address frame”, and changed two
more instances of “transmitted the OPEN address frame” in Transition SL_CC1 to SL_CC2 and
Transition SL_CC1 to SL_CC3.

06-101r0 SAS-2 Minor corrections to STP flow control formula (Brian Day, LSI Logic)

06-134r0 SAS-2 Renumber phy event information codes (Rob Elliott, HP). Also renumbered
“Received SMP frame error count” from 62h to 63h to leave room for a possible “Transmitted SMP
frame error count” value at 62h.

In the edge expander device rules, changed “no phy using the subtractive routing method is available”
to “...exists” for generation of Arb Reject (No Destination).

R.5 Revision sas2r03a (22 April 2006)
Incorporated these changes per the 23 March 2006 SAS physical WG teleconference (06-171r0) and the 20
April 2006 SAS zoning WG (06-205r0) (subsequently approved by the May T10 plenary (06-233r0)):

a)
b)
c)
d)
e)

f)

)
h)

)

06-181r2 SAS-2 Zone group values after a link reset sequence (Kevin Marks, Dell)

06-165r0 SAS-2 Change SMP ZONE VIOLATION code values (Rob Elliott, HP)

06-167r1 SAS-2 Filtering OPEN content based on ZONE PARTICIPATING bit (Rob Elliott, HP)
06-168r1 SAS-2 OPEN address frame SOURCE ZONE GROUP field definition (Rob Elliott, HP)
06-166r4 SAS-2 Restrict access to SMP ZONED BROADCAST function (Rob Elliott, HP)

06-176r2 SAS-2 Add phy zone information to SMP DISCOVER (Tim Symons, PMC-Sierra and Rob
Elliott, HP)

06-169r1 SAS-2 Correct receiver device jitter table footnotes (Rob Elliott, HP)

added SAM-4 and SPC-4 to references list; changed SAM-3 reference to SAM-4 for the RETRY DELAY
TIMER field in the SSP RESPONSE frame (did not change any others yet)

added dword counts to each JTPAT table, and the INFORMATION UNIT field name to the left column of
the CJTPAT table

R.6 Revision sas2r04 (16 May 2006)
Incorporated these changes per the May 2006 SAS protocol WG (06-230r1) and T10 plenary (06-233r0):

x|

a)
b)
c)
d)

e)
f)

)
h)

06-161r0 SAS-2 Alternate icon (Rob Elliott, HP)

06-119r2 SAS-2 BREAK_REPLY (Tim Hoglund, LSI Logic)

06-164r2 SAS-2 Require expanders transmit three AlPs (Rob Elliott, HP)

06-199r1 SAS-2 No BROADCASTSs before link reset sequence completes (Luben Tuikov, Vitesse and
Rob Elliott, HP)

06-044r3 SAS-2 BROADCAST (ASYNCHONOUS EVENT) (Steve Fairchild, HP)

06-177r3 SAS-2 ZONED BROADCAST clarification (Ed D’Avignon, Vitesse and Rob Elliott, HP)
06-097r4 SAS-2 Discovery - Configuring bit (Tim Symons, PMC-Sierra)

06-212r1 SAS-2 Zone group of an expander’s SMP (Ed D’Avignon, Vitesse). Placed the rule in the
zone phy information section defining the zone group field rather than in the zone permission table
section.

Changed RX1/RX2/RX3/RX4 to Rx 0/Rx 1/Rx 2/Rx 3 in the table of Additional requirements for SAS
4x cable assemblies

Changed RXn to Rx n and TXn to Tx n in the table of Additional requirements for SAS 4i cable
assemblies

Normalized the table formatting for descriptor lists

Changed COMPONENT REVISION ID t0 COMPONENT REVISION LEVEL in the REPORT MANUFACTURER
INFORMATION response table to match the usage below the table

Changed “not enabled” to “disabled” globally (just two times, all related to first burst)

Changed “forwarded OPEN_REJECTs” to “OPEN_REJECTSs in response to forwarded OPEN
address frames” in the phy event information sources 22h and 24h

Added “An SSP initiator port does not reuse a tag until it receives indication from the SSP target port
that the tag is no longer in use (see 9.2.4, 9.2.5, and 10.2.2).” in 9.2.1 definition of the TAG field.
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R.7 Revision sas2r04a (25 June 2006)
Incorporated these changes per the 20 June 2006 SAS zoning WG (06-290r0) (subsequently approved by the
July T10 plenary (06-319r0)):

a)
b)
c)
d)

e)

9)

06-197r3 SAS-2 Add expander change count to most SMP functions (Rob Elliott, HP)

06-208r2 SAS-2 Restrict access to SMP write functions (Rob Elliott, HP)

06-213r2 SAS-2 REPORT GENERAL additions for zoning and self configuration (Steve Johnson, LSI
Logic)

06-037r7 SAS-2 DISCOVER LIST function (Steve Johnson, LSI Logic). Throughout the standard,
wherever DISCOVER was referenced, added mention of DISCOVER LIST if it is equally appropriate.
06-078r3 SAS-2 REPORT ROUTE TABLE function (Steve Johnson, LSI Logic). Updated the model to
support this function. Defined two types of expander route tables - phy-based (accessed with the old
functions, indexed by numbers dictated by the discover process) and expander-based (accessed with
this function, indexed by “routed SAS address”). The latter is called a zoning expander route table in a
zoning expander device. 06-078r4 was posted after approval, correcting byte numbers in the
REPORT EXPANDER ROUTE TABLE descriptor. The fields in the descriptor were substantially
rearranged during incorporation, rendering those changes moot.

Changed “zoning expander device” to mean zoning is supported, not necessarily enabled. Sprinkled
“if zoning is enabled” throughout.

In 4.8.1, tweaked introduction from “Every phy in a ZPSDS belongs to a zone group” to “Every phy in
the SAS domain may belong to a zone group.” Mentioned that phys within the ZPSDS are in zone
group 1, phys attached to the boundary pick up their zone groups from the zone phy information of the
expander device to which they are attached, and phys beyond the boundary are in zone groups if the
address resolved method is being used.

R.8 Revision sas2r05 (21 July 2006)
Incorporated these changes per the July 2006 SAS protocol WG (06-316r0), SAS physical WG (06-348r0),
and T10 plenary (06-319r0):

a)
b)
c)

d)
e)

f)

9)

h)
i)
)

K)
1)

05-322r4 SAS-2 Wide SSP target port simultaneous connection rules (Rob Elliott, HP)

06-187r2 SAS-2 Self-configuring expander status (Rob Elliott, HP)

06-273r1 SAS-2 Bus Inactivity Timer is Broken (Steve Finch, STMicroelectronics). Also changed all
the timer-related unordered lists into ordered lists.

06-302r1 SAS-2 Multiple broadcasts on reset (George Penokie, IBM)

06-189r3 SAS-2 Allow table-to-table expander attachment (Rob Elliott, HP)

06-304r2 SAS-2 SMP function result priority (Zenta Darnell, Vitesse). Deleted PHY VACANT from the
list of DISCOVER LIST responses; it can appear in the full DISCOVER responses but not in the outer
DISCOVER LIST repsonse itself. Added SMP ZONE VIOLATION to CONFIGURE GENERAL, PHY
CONTROL, PHY TEST FUNCTION, and CONFIGURE PHY EVENT INFORMATION, with a priority
just below PHY VACANT.

06-210r4 SAS-2 Reporting ZONE PARTICIPATING CAPABLE in the IDENTIFY address frame (Kevin
Marks, Dell). Renamed ZONE PARTICIPATING in bit names to INSIDE zPsDs to help the DISCOVER
response table fit on the page (still requires a drop in font size).

06-332r1 SAS-2 PL_PMa3 fixes (George Penokie, IBM)

06-259r1 SAM-4 et. al. making linked commands obsolete (Mark Evans, Maxtor)

06-323r1 SAM-4 et. al. Multiple service delivery subsystem editorial tweaks (Rob Elliott, HP). Updated
all references to SAM-3 to SAM-4, SPC-3 to SPC-4, SBC-2 to SBC-3, and ATA/ATAPI-7 V1 to
ATA8-AAM and ATA8-ACS. In the Protocol-Specific Port log parameter, merged the LBIN and LP bits
into a FORMAT AND LINKING field, added a Ds bit and an spF bit in byte 0, and marked the Ds bit in the
parameter control byte obsolete to agree with SPC-4.

corrected dword numbers in JTPAT tables

fixed ms to pus in the STP BUS INACTIVITY TIME LIMIT field and STP MAXIMUM CONNECT TIME LIMIT field
descriptions (Symbol font was not preserved when 05-306r2 was incorporated)

use “management device server” rather than “SMP target port” where appropriate in chapter 10
added OPEN_REJECT (ZONE VIOLATION) handling throughout the state machines, generally
wherever OPEN_REJECT (PROTOCOL NOT SUPPORTED) is handled. Add Arb Reject (Zone
Violation) as lower priority than Arb Reject (Bad Connection Rate).
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0)

p)

Q)

r

added OPEN_REJECT (RESERVED ...) handling throughout the state machines wherever their
“process as” peers are handled

05-251r0 requested deletion in SAS-1.1 of the last three words of “shall not complete the [START
STOP UNIT] command with GOOD status” in the Power Condition state machine transition state
descriptions, but that change was missed. 06-299r1 requests the same change again.

Added “The ADDITIONAL RESPONSE BYTES may be present but shall be ignored.” to SMP function
results of INVALID EXPANDER CHANGE COUNT, PHY EVENT INFORMATION SOURCE NOT
SUPPORTED, and SMP ZONE VIOLATION. Although the functions that return those don’t yet return
ADDITIONAL RESPONSE BYTES, functions could do so in the future and that general rule is intended to
apply.

Added a figure in front of the CJTPAT table showing how pre-scrambling the desired pattern results in
the desired pattern on the wire.

R.9 sas2r05a (21 July 2006)
Incorporated the following proposals per the July SAS zoning WG (06-349r0)(r3 of each was subsequently
approved by the September 2006 T10 plenary (06-417r0):

a)
b)

06-279r2 SAS-2 Allow more than one ZPSDS in a SAS domain (Rob Elliott, HP)
06-281r2 SAS-2 Enable and disable zoning (Rob Elliott, HP)

R.10 sas2r05b (1 September 2006)
Incorporated the following proposals per the August SAS zoning WG (06-376r1)(subsequently approved by
the September 2006 T10 plenary (06-417r0)):

a)
b)
c)
d)
e)
f)

9)
h)

i)
)
k)
)

m)

n)

0)

p)

06-201r6 SAS-2 SMP CONFIGURE ZONE PHY INFORMATION function (Tim Symons, PMC-Sierra)
06-203r6 SAS-2 SMP REPORT ZONE PERMISSION TABLE function (Tim Symons, PMC-Sierra)
06-279r3 SAS-2 Allow more than one ZPSDS in a SAS domain (Rob Elliott, HP)

06-281r3 SAS-2 Enable and disable zoning (Rob Elliott, HP)

06-286r5 SAS-2 SMP ZONE LOCK function (Tim Symons, PMC-Sierra)

06-288r6 SAS-2 SMP ZONE ACTIVATE function (Tim Symons, PMC-Sierra)

06-289r6 SAS-2 SMP ZONE UNLOCK function (Tim Symons, PMC-Sierra)

06-377r1 SAS-2 Broadcast (Zone Activate) (Tim Symons, PMC-Sierra)

Corrected “To” columns for BROADCAST primitives

Renamed Arb Reject (Bad Connection Rate) to Arb Reject ( Connection Rate Not Supported)
Added function response priorities for ENABLE DISABLE ZONING

In DISCOVER LIST SHORT FORMAT descriptor, defined the PHY IDENTIFIER field as always valid
(from Douglas Gilbert). In the SHORT FORMAT descriptor, defined what to do with the remaining
fields if the FUNCTION RESULT field is PHY VACANT or PHY DOES NOT EXIST.

Added definitions on UNKNOWN DESCRIPTOR TYPE (renamed from UNKNOWN DESCRIPTOR
LIST) and UNKNOWN PHY FILTER for the DISCOVER LIST function

Renamed PHY EVENT INFORMATION NOT SUPPORTED to UNKNOWN PHY EVENT
INFORMATION to match other “not supported” function result names

Changed IDENTIFY address frame FEATURES field from “shall be set to zero” to a table showing Oh as
the only defined value and all others as reserved. This should help people realize that non-zero
values must be checked and treated as an error.

Added footnotes to tables containing values that are a multiple of OOBI indiciting the nominal times
they represent.

R.11 Revision sas2r06 (22 September 2006)
Incorporated these changes per the September 2006 SAS protocol WG (06-414r0), SAS physical WG
(06-432r0), and T10 plenary (06-417r0):

a)
b)
c)

d)

e)

f)

xlii

06-202r9 SAS-2 SMP CONFIGURE ZONE PERMISSION function (Tim Symons, PMC-Sierra)
06-263r6 SAS-2 Spread spectrum clocking (Rob Elliott, HP)

06-299r1 SAS-2 Clarifications of the SCSI power conditions in SAS (Chris Owens and Kevin Marks,
Dell)

06-326r2 SAS-2 SMP zone lock timer (Tim Symons, PMC-Sierra)

06-358r5 SAS-2 Zone configuration model (Tim Symons, PMC-Sierra)

06-384r1 SAS-2 OPEN_REJECT RETRY during zoning changes (Rob Elliott, HP)

Working Draft Serial Attached SCSI - 2 (SAS-2)



This page contains no comments



28 January 2008 T10/1760-D Revision 14

9)
h)
i)
)
K)

06-402r0 SAS-2 Changes to ATTACHED SATA DEVICE bit (Brian Day, LSI Logic)

06-405r0 SAS-2 Transport layer retries fix (George Penokie, IBM)

06-408r1 SAS-2 Race condition for transition out of SP12:SAS_Fail state (Bill Martin, Sierra Logic)
06-409r1 SAS-2 IDENTIFY address frame REASON field (Rob Elliott, HP)

06-418r1 SAS-2 ENABLE DISABLE ZONING revision (Tim Symons, PMC-Sierra)

R.12 Revision sas2r07 (15 November 2006)
Incorporated these changes per the November 2006 SAS protocol WG (06-485r0), SAS physical WG
(06-501r0), and T10 plenary (06-488r0):

a)

b)
c)
d)
e)
f)
)

05-381r7 SAS-2 Multiplexing (Rob Elliott, HP). Moved the model section from chapter 7 (link layer) to
chapter 6, since it's negotiated in the phy layer now. Split the model section into 2 parts, the
multiplexing sequence described in the phy reset sequence section and multiplexing overall
described at the 6.xx level. Assign MUX (LOGICAL LINK 0) to a different primitive encoding than
proposed, since BREAK_REPLY has already been assigned that encoding. Made most of the states
in SP_DWS sensitive to Incorrect Mux.

06-473r0 SAS-2 REPORT EXPANDER ROUTE TABLE descriptor layout change (Rob Elliott, HP)
06-474r1 SAS-2 Broadcast (Zone Activate) only by ZONED BROADCAST (Rob Elliott, HP)
06-463r3 SAS-2 OOB transmission requirements (Alvin Cox, Seagate)

06-464r0 SAS-2 COMWAKE detection requirements (Alvin Cox, Seagate)

Fixed location of “within 1 ms” phrase in NOTIFY (POWER LOSS EXPECTED) section per 05-307r0.
Editorial changes from 06-489r0 SAS-2 Target transport layer read DATA flowchart (George Penokie,
IBM)

R.13 Revision sas2r08 (26 January 2007)
Incorporated these changes per the January 2007 SAS protocol WG (07-031r0), SAS physical WG
(07-043r0), and T10 plenary (07-034r0):

a)

b)
c)
d)
e)
f)
9)
h)
i)

06-515r0 SAS-2 Modifications to SAS Speed Negotiation (Steve Finch, ST Microelectronics and Amr
Wassal, PMC-Sierra) [which was a continuation of 06-324 and 06-295)

06-188r3 SAS-2 Support multiple STP affiliations (Rob Elliott, HP)

06-275r0 SAS-2 ALIGN insertion rate during STP connections (Rob Elliott, HP)

06-322r4 SAS-2 Response to abandon-class OPEN_REJECT (Rob Elliott, HP)

06-451r6 SAS-2 SAM-4 Miscellaneous state machine fixes (George Penokie, IBM)

06-466r1 SAS-2 OPEN_REJECT RETRY during self-configuration changes (Rob Elliott, HP)
06-470r4 SAS-2 Transport layer read data flowchart (George Penokie, IBM)

06-471r1 SAS-2 Change to phy reset sequence 10ms rule (Brian Day, LSI Logic)

Changed ISO/IEC number for ATA/ATAPI-7 from 14776 to 27439

R.14 Revision sas2r09 (22 March 2007)
Incorporated these changes per the March 2007 SAS protocol WG (07-114r0), CAP WG (07-116r0), SAS
physical WG (07-140r0), and T10 plenary (07-117r0):

a)
b)

c)

d)
e)
f)

9)
h)

06-467r3 SAS-2 Initiator handling of retransmit read DATA frames (Bob Sheffield, Intel)

06-478r2 SAS-2 Changes to NEGOTIATED PHYSICAL LINK RATE (Brian Day, LSI Logic). Assigned

NEGOTIATED PHYSICAL LINK RATE field value of 6h for UNSUPPORTED_PHY_ATTACHED.

07-008r8 SAS-2 Expander notification of temporary shutdown (George Penokie, IBM) with these

exceptions:

A) Changed “reduced function” to “reduced functionality”

B) Changed the “time to reduced function timer” to “reduced functionality delay” timer

C) Inthe OPEN_REJECT (RETRY) definition, added “c) an expander device in the pathway has
reduced functionality (see 4.6.8)”

D) Inthe ECM Arb Reject confirmation rules, added “Arb Reject (Retry) if the expander device is
unable to process the connection request because it has reduced functionality (see 4.6.8)”
07-027r2 SAS-2 Enabling and disabling Transport Layer Retries (Chris Martin and Rob Elliott, HP)

07-028r1 SAS-2 Remove address resolved zoning (Tim Symons, PMC-Sierra)
07-058r3 SAS-2 OOB and SSC (Steve Finch, STMicroelectronics)

07-059r1 SAS-2 Update SATA references to Serial ATA 2.6 (Rob Elliott, HP)

07-066r1 SAM-4 SAS-2 QUERY TASK SET task management function (Rob Elliott, HP)
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i)
)
K)

1)

n)
0)

p)
Q)
r

s)

07-076rl1 SAMASAS 2 SLERAENTATENT SN aclk manaagement function (Rob Elliott, HP)

07-082r1 SAS-2 Fix target device name PIV bit (Rob Elliott, HP)

07-083r0 SAS-2 Mini SAS 4i to SAS 4i cable assemblies with SGPIO (Barry Olawsky and Rob Elliott,

HP)

07-084r1 SAS-2 Add ATTACHED REASON field (Rob Elliott, HP)

07-085r0 SAS-2 Change mode page subpage names (Rob Elliott, HP)

07-087r1 SAS-2 SES-2 Enclosure Connector Information (Brad Besmer, LSI Logic)

07-108rl1 SAS-2 Transport level read fixes (George Penokie, IBM) with these exceptions:

A) In ST_TTSS, applied the “Read Data Frames Transmitted/ACKed to zero” to both the “with a
Retry argument” lists, not the “without a Retry argument” list.

B) In ST_TTS2, added “minus the Data-In Application Client Buffer Offset argument” in two more
places where the Read Data Offset variable was being compared to the Data-In Request Byte
Count argument.

C) In ST_TTS3, noted two places where “plus the Data-In Application Client Buffer Offset argument”
still needs to be added.

07-121r1 SAS-2 Add REASON field to DISCOVER and DISCOVER LIST (Steve Johnson, LSI Logic)

Eliminated use of the word “comprise”

Clarified in the SNW-3 REQUESTED LOGICAL LINK RATE field that bit 4 is the MSB; bit 7 is the LSB.

Corrected the parity bit value in the example with rate of 9h; added another example with rate of 8h

which highlights the endianness.

Corrected cross-references relating to RETRANSMIT bit set to one for XFER_RDY and RESPONSE

frames in ST_TTS and for TASK frames in ST_ITS

R.15 Revision sas2r09a (23 April 2007)
Incorporated these changes per the April 2007 SAS protocol WG (07-183r0). The SAS physical WG
(07-183r0) did not recommend anything. Proposals are not yet approved by a T10 plenary:

a)
b)
c)
d)
e)
)
)

07-124r0 SAS-2 Remove Messages Between State Machines annex (Rob Elliott, HP)
07-128r0 SAS-2 Target handling of retransmitted write DATA frames (Bob Sheffield, Intel)
07-167r0 SAS-2 Add SNTT timer to SP27:SAS_Settings (Bob Sheffield, Intel)

07-154r1 SAS-2 ATTACHED SAS ADDRESS for virtual phys (Bob Sheffield, Intel)
07-176r1 SAS-2 SMP function result for incomplete descriptor lists (Rob Elliott, HP)
07-178r0 SAS-2 Connection request livelock avoidance (Rob Elliott, HP)

07-155r0 SAS-2 Add expander reduced functionality to REASON field (Rob Elliott, HP)

R.16 Revision sas2r10 (15 May 2007)
Incorporated these changes per the May 2007 SAS protocol WG (07-210r0), SAS physical WG (07-243r0),
and T10 plenary (07-213r0):

a)

b)
c)
d)
e)
f)
)
h)
i)

xliv

06-373r3 SAS-2 Zone manager key (Rob Elliott, HP). Assigned CONFIGURE ZONE MANAGER
PASSWORD to function code 89h.

06-476r2 SAS-2 WWN-based Attached Device Name for SATA (Rob Elliott, HP)

07-017r2 SAS-2 SAS-2 More zone groups (Steve Johnson, LSI Logic)

07-094r2 SAS-2 UML changes for logical phys (George Penokie, IBM)

07-166r2 SAS-2 Clarify scope of retransmitted XFER_RDY (Bob Sheffield, Intel)

07-177r2 SAS-2 Port layer wide port ordering (Rob Elliott, HP)

07-209r0 SAS-2 Mini SAS 4x cable plug pull tab color (Rob Elliott, HP and Jay Neer, Molex)
07-228r0 SAS-2 ResetStatus port selector fixes (Brian Day, LSI)

07-233r0 SAS-2 Function result for 256 zone support (Tim Symons, PMC-Sierra). Renamed the value
ZONE GROUP OUT OF RANGE and let the result continue to be applied to the CONFIGURE ZONE
PHY INFORMATION function if the zONE GROUP field is too large.

Changed some uses of “detected” to “received”

Corrected DJ CR 3 Gbps footnote to point to the measurement bandwidth of 1 800 kHz to 1 500 MHz,
which was correct in sas-r05 but broken in SAS-1.1 when the table cells were rearranged.

In class and object diagrams, changed class and attribute names to mixed cases to parallel a change
planned for SAM-4 revision 11.

In class and object diagrams, shaded class name cells tan and object name cells blue; removed any
shading from attribute and operation cells.
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n)
0)

p)

Q)

Added some multiplexing examples to the “Multiple connections on wide ports” figure

Deleted “and in the SMP DISCOVER LIST response” from numerous places. It was not mentioned
everywhere that DISCOVER was mentioned, so rather than imply different behavior with
inconsistency, just removed the phrase.

Define that the link layer SSP transmitter and the SMP transmitter are responsibly for inserting the
CRC at the end of the frame (not the port layer or transport layer).

Added the SMP Port class to the “State machines and Expander Device classes” class diagram with
Port Layer and Transport Layer classes underneath it, paralleling the Port class diagram

R.17 Revision sas2r1l (23 July 2007)
Incorporated these changes per the July 2007 SAS protocol WG (07-313r0), SAS physical WG (07-338r0),
CAP WG (07-315r0), and T10 plenary (07-316r0):

a)
b)
c)

d)

X)

07-039r4 SAS-2 Self-Configuration Status Updates (Tyson Hartshorn and Stephen Johnson, LSI)
07-075r5 SAS-2 SMP REPORT BROADCAST function (George Penokie, IBM). Assigned function
number 06h, since 05h is already taken.

07-091r3 SAS-2 SMP DISCOVER support for SNW-3 phy capabilities (Rob Elliott, HP). Placed the
NEGOTIATED SscC bit in the DISCOVER response in byte 95, since byte 94 bit 4 is now taken by the
REASON field.

07-102r3 SAS-2 Changes to Report Phy Event logging and reporting (Tyson Hartshorn, LSI).
Assigned DISCOVER LIST to 20h, REPORT PHY EVENT INFORMATION LIST to 21h, and REPORT
SELF-CONFIGURATION STATUS LIST to 22h.

07-130r4 SAS-2 CRC fixes (Luben Tuikov, Vitesse). Addressed preliminary letter ballot comments.
07-153r1 SAS-2 SPC-4 Protocol-Specific VPD pages (Rob Elliott, HP)

07-214r1 SAS-2 Mode and log page support for SNW-3 phy capabilities (Rob Elliott, HP)

07-277r0 SAS-2 SMP PHY CONTROL and affiliations (Rob Elliott, HP). Assigned AFFILIATION
VIOLATION to 1Ah rather than 1Bh, since 07-287 deletes the assignment of 1Ah to LOGICAL LINK
RATE NOT SUPPORTED.

07-280r1 SAS-2 SMP DISCOVER virtual phy clarifications (Rob Elliott, HP)

07-284r0 SAS-2 OPEN_REJECT ZONE VIOLATION priority (Rob Elliott, HP)

07-285r0 SAS-2 STP bus inactivity time limit clarification (Rob Elliott, HP)

07-287r0 SAS-2 SMP function result tweaks (Rob Elliott, HP)

07-288r0 SAS-2 TARGET PORT TRANSFER TAG ST_T state machine fix (Brian Day, LSI)
07-293r0 SAS-2 Zoning interaction with enclosure services (Rob Elliott, HP)

07-297r1 SAS-2 CJTPAT usage (Rob Elliott, HP)

07-300r1 SAS-2 Configurable expander table-to-table error handling (Rob Elliott, HP)

07-306r1 SAS-2 Route table discovery process (Tim Symons, PMC-Sierra)

07-307r1 SAS-2 Zone group valid bit (Tim Symons, PMC-Sierra)

07-311r1 SAS-2 More Transport Layer Retries Fixes (George Penokie, IBM)

07-312r2 SAS-2 Zone route table entries for subtractive ports (Tim Symons, PMC-Sierra). Merged the
sentiments of the last proposed paragraph into item b).

Corrected maximum COMMAND frame size from 284 to 280 bytes (Brian Day, LSI)

Added NOTE in discover process section that old expander devices don’t implement DISCOVER
LIST.

In the SAS phy transmitter SSC modulation table footnote on “None or downspreading”, fixed “attach
to SAS” to “support being attached to SATA devices”, added the ppm range for SAS downspreading
as an i.e., changed the SATA ppm range to not include +/- 350 ppm, and made other changes to try to
address concerns from Doug Loree, Toshiba

Fixed “hexadecimal” column for OPEN_REJECT

R.18 Revision sas2r12 (28 September 2007)
Incorporated these changes per the September 2007 SAS protocol WG (07-394r0) and T10 plenary
(07-396r0):

a)
b)
c)
d)

07-317r2 SAS-2 Target transport layer write flowcharts (George Penokie, IBM)

07-334r2 SAS-2 Add minimum number of dwords after IDENTIFY frame (Gerry Houlder, Seagate)
07-388rl SAS-2 Only issue BROADCAST (Change) for initial spinup hold (Brian Day, LSI)
07-401r0 SAS-2 SMP DISCOVER LIST field alignment (Brad Besmer, LSI)
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e)

f)

9)
h)

)

K)

m)

n)

0)

07-305r3 SAS-2 Zone phy information clarifications (Rob Elliott, HP)

In REPORT ZONE PERMISSION TABLE, renamed SOURCE INDEX DOES NOT EXIST to
SOURCE ZONE GROUP DOES NOT EXIST and assigned it function result code 28h (missed while
incorporating 06-203r6 into sas2r05b)

Corrected last scrambler output in CIJTPAT table (the one XORed with the CRC).

Corrected header and CRC for CJTPAT with fixed content (the header with mostly zeros is not the
desired output on the physical link)

Redrew the CJTPAT scrambling figure to show the frame header and CRC not being pre-scrambled.
Changed the column order in the tables to have pre-scrambled values on the left and physical link
values on the right.

In REPORT GENERAL response, changed the minimum increment rule for the EXPANDER CHANGE
couNT field from REPORT GENERAL responses to any SMP response frame containing an
EXPANDER CHANGE COUNT field

In REPORT GENERAL response, changed the note about wrapping to discuss 65 535 rather than
65 536 increments, since the field now wraps to 0001h rather than 0000h.

In Arbitration status section, changed “transmitting” to “originating” in the rule about transmitting at
least one AIP every 128 dwords. This does not apply to dwords that are being forwarded (e.g. after
originating AIP (WAITING ON DEVICE)).

In the phy event information source description of 05h elasticity buffer overflows, added “outside of
phy reset sequences” (as is done in 01h and 02h). Elasticity buffer overflows might occur during
Train-SNW (since it doesn’t send ALIGNS) but are irrelevent.

In the list of reasons for a Service Response of SERVICE DELIVERY OR TARGET FAILURE for the
Command Complete Received transport protocol service arguments, added “ or the ST_IFR state
machine detects an error as described in 9.2.6.2.2.3 and 9.2.6.2.2.4” to cover additional cases where
the initiator port reports the error on its own.

Renamed “phy event information” to “phy event” throughout (inconsistent in sas2rll; the shorter
name seems adequate). This affects function names REPORT PHY EVENT INFORMATION,
REPORT PHY EVENT INFORMATION LIST, and CONFIGURE PHY EVENT INFORMATION and
one function result name.

R.19 Revision sas2r13 (16 November 2007)
Incorporated these changes per the November 2007 SAS protocol WG (07-473r0), SAS physical WG
(07-502r0), and T10 plenary (07-476r0):

a)

b)
c)
d)
e)
)
)
h)
i)
)]

a)
b)

Xlvi

07-304r3 SAS-2 Zero-length test load (Barry Olawsky, HP). Since this required drawing a new Spp»;
graph, also redrew the TCTF test load graphs based on Excel plots of the real equations. Separated
IT and CT graphs into separate figures since they have different curvatures.

07-090r3 SAS-2 Transmit IDENTIFY three times (Rob Elliott, HP)

07-392r2 SAS-2 Remove AWT reset on receipt of OPEN_REJECT (RETRY) (George Penokie, IBM)
07-482r1 SAS-2 PHY CHANGE COUNT increment due to zoning changes (Brad Besmer, LSI)
07-424r1 SAS-2 Initiator Side Transport layer write flowcharts (George Penokie, IBM)

07-103r3 SAS-2 Changes to Report Phy Broadcast Counts logging and retrieval method (Tyson
Hartshorn, LSI)

07-480r0 SAS-2 More phy test patterns - TRAIN, TRAIN_DONE, and idle dwords (Rob Elliott, HP)
Added more cross-references in the definitions section when using other defined terms

Added subsections to the expander route table section to isolate phy-based and expander-based
sentences

Moved the paragraphs in 7.9.2 SAS initiator device rules (for handling the identification sequence)
about Broadcast (Expander) handling into 4.6.8 Expander reduced functionality

R.20 Revision sas2r14 (28 January 2008)
Incorporated these changes per the January 2008 SAS protocol WG (08-059r0), SAS physical WG
(08-072r0), and T10 plenary (08-062r0):

07-339r9 SAS-2 6 Gbps PHY specification (Alvin Cox, Seagate)

07-391r3 SAS-2 Limiting SAS target response to OPEN_REJECT (RETRY) (George Penokie). Put
the REJECT TO OPEN LIMIT field in bytes 8-9 rather than 10-11. Put the STP REJECT TO OPEN LIMIT field in
bytes 18-19 rather than 17-18 (unaligned).
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c) 07-397r3 SAS-2 Indeterminate response length to an SMP REPORT GENERAL function (George
Penokie).

d) 07-403r2 SAS-2 Add SMP REPORT GENERAL open response while configuring (Brad Besmer, LSI).
Named the field OPEN REJECT RETRY SUPPORTED which fits better in the table.

e) 07-443rl1 SAS-2 Calibration of jitter measurement devices (Alvin Cox, Seagate and Chuck Hill, Alta
Engineering)

f) 07-471r3 SAS-2 Proposed cable tables (Greg McSorley, Amphenol)

g) 07-479r2 SAS-2 Phy test pattern transmitter controls (Rob Elliott, HP)

h) 07-484r2 SAS-2 Interconnect Signal-to-Noise Ratio study (Barry Olawsky, HP)

i) 07-486r3 SAS-2 Receiver Device physical testing (Kevin Witt and Mahbubul Bari, Maxim)

j) 08-005r0 SAS-2 Mode page tweaks (Rob Elliott, HP). Also added the “minimum” wording to the sTP
SMP |_T NEXUS LOSS TIME field in the REPORT GENERAL/CONFIGURE GENERAL functions.

k) 08-009r1 SAS-2 Elasticity buffer clarifications (Rob Elliott, HP)

) 08-010r1 SP State Machine - SL State Machine interaction issue (Bill Martin, Emulex)

m) 08-011r0 SAS-2 XL Forward Dword correction (Rob Elliott, HP)

n) 08-014r4 SAS-2 Remove restrictions for SSC (Gerry Houlder and Alvin Cox, Seagate)

0) 08-032r4 SAS-2 Proposed modifications to SSC profile definition (Guillaume Fortin, PMC-Sierra)

p) 08-040r0 SAS-2 SMP DISCOVER Self-Configuration Levels Completed (Brad Besmer, LSI)

g) 08-041rl1 Use period as decimal separator in T10 standards (Rob Elliott, HP)

r) Corrected Protocol-Specific Logical Unit VPD page section (07-153r1, incorporated into sas2rill,
mixed up the VPD page table with the logical unit information descriptor table).

s) Invarious UML figures, changed 127 to 128 since the number represents a count (O=not present,
1..256 mean that many objects) not an identifer (e.g. phy identifier O through 127) (Dennis Moore,
KnowledgeTek).

t) Changed -3.8 dB to -3.7 dB in the low-loss TCTF equation for > 3 GHz to match the value of the
equation for < 3 GHz with f=3 GHz.

u) In SP8, deleted the “upon entry” verbage about sending Set Rate message of 1.5 Gbps or a SAS
SNW Rate argument. This is handled by the next paragraphs dealing with the Current SNW state
machine variable.

This revision is undergoing T10 letter ballot.

R.21 Pending changes
These physical layer proposals/changes are pending acceptance by the appropriate WG(s) and the T10
plenary:

a) resolve letter ballot comments
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Foreword (This foreword is not part of this standard)

This standard defines the Serial Attached SCSI (SAS) interconnect and three transport protocols that use the
SAS interconnect:

a) Serial SCSI Protocol (SSP): a mapping of SCSI supporting multiple initiators and targets;

b) Serial ATA Tunneled Protocol (STP): a mapping of Serial ATA expanded to support multiple initiators
and targets; and

c) Serial Management Protocol (SMP): a management protocol.

Requests for interpretation, suggestions for improvement and addenda, or defect reports are welcome. They
should be sent to the INCITS Secretariat, International Committee for Information Technology Standards,
Information Technology Institute, 1250 Eye Street, NW, Suite 200, Washington, DC 20005-3922.

This standard was processed and approved for submittal to ANSI by the International Committee for
Information Technology Standards (INCITS). Committee approval of the standard does not necessarily imply
that all committee members voted for approval. At the time it approved this standard, INCITS had the following
members:

INCITS Technical Committee T10 on Lower Level Interfaces, which developed and reviewed this standard,
had the following members:

John B. Lohmeyer, Chair Mark S. Evans, Vice-Chair Ralph O. Weber, Secretary
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Introduction

This standard defines the Serial Attached SCSI (SAS) interconnect and three transport protocols that use the
SAS interconnect:

a) Serial SCSI Protocol (SSP): a mapping of SCSI supporting multiple initiators and targets;

b) Serial ATA Tunneled Protocol (STP): a mapping of Serial ATA expanded to support multiple initiators
and targets; and

c) Serial Management Protocol (SMP): a management protocol.

The standard is organized as follows:

Clause 1 (Scope) describes the relationship of this standard to the SCSI and ATA families-0f standards.
Clause 2 (Normative references) provides references to other standards and docume#ds.

conventions used throughout this standard.
Clause 4 (General) describes architecture, names and identifiers, state mz
loss, and provides an expander device model.
Clause 5 (Physical layer) describes the physical layer. It describes.:

characteristics.

Clause 6 (Phy layer) describes the phy layer. It describes 8510b encoding, bit order, out of band (OOB)
signals, phy reset sequences, phy layer state machines, and spin-up.

Clause 7 (Link layer) describes the link layer. It describes gintves, pitysical INK rate toierance
management, idle physical links, CRC, scrambling, address frames, the identification
sequence and its state machine, power management, SAS domain changes, connections,
rate matching, and SSP, STP, and SMP connection rules and link layer state machines.

Clause 8 (Port layer) describes the port layer, which sits between one or more link layers and one or
more transport layers. It includes ger-tayerstate machines

Clause 9 (Transport layer) describes the transport layer. It includes SSP, STP, and SMP frarne
definitions and transport layer state machines.

Clause 10 (Application layer) describes the application layer. It describes SCSI protocol services, mode

=,

parameters, log parameters, and power conditions, ATA specifics, and SHL_functions.

Normative Annex A (Jitter tolerance patterns) describes the jitter tolerance patterns.

Normative Annex B (Signal performance measurements) describes sighal measurement techniques.

Informative Annex C (SAS to SAS phy reset sequence examples) provides additional phy reset
sequence examples.

Informative Annex D (CRC) provides information and example implementations of the CRC algorithm.

Informative Annex E (SAS address hashing) provides information and example implementations of the
hashing algorithm.

Informative Annex F (Scrambling) provides information and example implementations of the scrambling
algorithm.

Informative Annex G (ATA architectural notes) describes ATA architectural differences from Serial ATA
and Serial ATAII.

Informative Annex H (Minimum deletable primitive insertion rate summary) describes the minimum
ALIGN and/or NOTIFY insertion rates for physical link rate tolerance management and rate
matching.

Informative Annex J (Expander device handling of connections) describes expander device behavior in
a variety of connection examples.

Informative Annex K (Primitive encoding) lists the primitive encodings available for future versions of this

standard.

Informative Annex L (Discover process example implementation) provides an example implementation

of the discover process.

Informative Annex M (SAS icons) defines the SAS icons.
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The following figure shows the organization of the layers of this standard.

L L Management
SCSI application layer ATA application layer application layer Clause 10
A y y
y A A
SSP transport layer STP transport layer SMP transport layer Clause 9
A y y
A A A
SAS port layer Clause 8
A y y
A A A
SSP link layer STP link layer SMP link layer
Clause 7
SAS link layer
y
A
SAS phy layer Clause 6
y
A
SAS physical layer Clause 5

Organization of this standard
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AMERICAN NATIONAL STANDARD BSR INCITS ***-200x

American National Standard
for Information Technology -

Serial Attached SCSI - 2 (SAS-2)

1 Scope

The SCSI family of standards provides for many different transport protocols that define the rules for
exchanging information between different SCSI devices. This standard defines the rules for exchanging
information between SCSI devices using a serial interconnect. Other SCSI transport protocol standards define
the rules for exchanging information between SCSI devices using other interconnects.

Figure 1 shows the relationship of this standard to the other standards and related projects in the SCSI family
of standards.

Device-type specific command
sets (e.g., Primary command set
SBC-3 (ISO/IEC 14776-323), (shared for all device types)
SSC-3 (ISO/IEC 14776-333), (SPC-4 (ISO/IEC 14776-454))
MMC-5 (ISO/IEC 14776-365))

SCSi transport protocols (e.g.,
SPI-5 (ISO/IEC 14776-115),
FCP-3 (ISO/IEC 14776-223),

SSP in this standard)

SCSI Architecture Model
(SAM-4 (ISO/IEC 14776-414))

Interconnects (e.g.,
SPI-5 (ISO/IEC 14776-115),
Fibre Channel (ISO/IEC 14165),
this standard)

Figure 1 — SCSI document relationships /
This standard also defines the rules for exchanging information between ATA hosts and ATA devices using the

same serial interconnect. Other ATA transport protocol standards define the rules for exchanging information
between ATA hosts and ATA devices using other interconnects.
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Figure 2 shows the relationship of this standard to other standards and related projects in the ATA family of
standards.

AT Attachment — 8 (Packet-delivered command sets)

ATAJATAPI |_—Device-type specific command Primary command set
Comme(l\nr(‘j‘ Set sets (e.g., (shared for all device types)
(ﬁlfj?;g( X;i)&i?’ MMC-5 (ISO/IEC 14776-365)) | | (SPC-4 (ISO/IEC 14776-454))
=\ = )

ATA transport protocols (e.g.,
ST0in this standard,
Serial ATA)

ATA physical interconnects (e.g., \

this standard,
Serial ATA)

\
\
\

!
|
|

(ATA8-AAM (ISO/IEC XXXXX-XXX))

ATA/ATAPI-8 Arclfitecture Model

Figure 2 — ATA document relationships
Figure 1 and figure 2 show the general relationship of the documents to one another, and do not imply a
relationship such as a hierarchy, protocol stack or system architecture.

These standards specify the interfaces, functions and operations necessary to ensure interoperability
between conforming implementations. This standard is a functional description. Conforming implementations
may employ any design technique that does not violate interoperability.
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2 Normative references

2.1 Normative references

Referenced standards and specifications contain provisions that, by reference in the text, constitute provisions
of this standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this standard are encouraged to investigate the possibilityat
applying the most recent editions of the standards listed below.

Copies of the following documents may be obtained from ANSI:

a) approved ANSI standards;
b) approved and draft international and regional standards (e.qg..
c) approved and draft foreign standards (e.g., JIS and DIN-

| =
o

O, IEC); and

For further information, contact ANSI Customer Service-gepartment at 212-642-4900 (phone), 212-302-1286

(fax) or via the World Wide Web at http://www.ans#0rg.
Additional availability contact informatiop+s"provided below as needed.

Table 1 shows standards bodies and their web sites.

Table 1 — Standards bodies

Abbreviation | Standards body Web site
ANSI American National Standards Institute http://www.ansi.org
DIN German Institute for Standardization http://www.din.de /
IEC International Engineering Consortium http://www.iec.ch /
IEEE Institute of Electrical and Electronics Engineers http://www.ieee. or"
INCITS International Committee for Information Technology hitp:/www.jzCits.org
Standards /
ISO International Standards Organization http.//NWW.ISO.Ch/
ITI Information Technology Industry Council bAtp:/Iwww.iticAOrg
JIS Japanese Industrial Standards Committee http://vv‘/vv.jisc.org
T10 INCITS T10 SCSI storage interfaces / higo:/lwww.110.0rg
T11 INCITS T11 Fibre Channel interfaces / /’ http://iwww.t11.0x9
T13 INCITS T13 ATA storage interface / / http://wwe#113.0rg

2.2 Approved references

At the time of publication, the following referenced/Stang4rds or technizal reports were =gproved:
ANSI INCITS TR-35-2004, Methodologies for dittes/dand Signal Zaality Specifization (MJISQ). When MJSQ is

referenced from this standard, the FC Port #rmjizfology useg-ithin MISZ-Should be substituted with SAS phy
terminology.

w
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IT‘ACCEPT - TODO (waiting on real number from T13)

| don't think putting an unknown standard here is a good idea. It looks like a TBD. Either delete it or get a real number. ISO/IEC
XXXXX-XXX,




T10/1760-D Revision 14 28 January 2008

ISO/IEC 14776-414, SCSI Architecture Model-4 (SAM-4) (T10/1683-D)
ISO/IEC 14776-454, SCSI Primary Commands-4 (SPC-4) (T10/1731-D)
ISO/IEC 14776-323, SCSI Block Commzs=85-57SBC-3) (T10/1799-D)

ISSHET 14776-372, SCSI Enclosure Services-2 (SES-2) (T10/1559-D)

NOTE 1 - For more information on the current status of these documents, contact the INCITS Secretariat at
202-737-8888 (phone), 202-638-4922 (fax) or via Email at incits@itic.org. To obtain copies of these
documents, contact Global Engineering at 15 Inverness Way, East Englewood, CO 80112-5704 at
303-792-2181 (phone), 800-854-7179 (phone), or 303-792-2192 (fax) or see http://www.incits.org.

2.4 Other references

For information on the current status of the listed documents. otz
organization.

Serial ATA 2.6 (SATA-2)—55T

garang availability, contact the indicated

NOTE 2 - For information on the current status of Serial ATA documents, see Tne-Seral ATA International
Organization at http://www.sata-io.org.

SFF-8086, Compact Multilane Series: Common Elements
SFF-8087, Compact Multilane Series: Unshielded

SFF-8088, Compact Multilane Series: Shielded

SFF-8223, 2.5" Drive Form Factor with Serial Connector
SFF-8323, 3.5" Drive Form Factor with Serial Connector
SFF-8523, 5.25" Drive Form Factor with Serial Connector
SFF-8410, HSS Copper Testing and Performance Requirements
SFF-8416, Measurement and Performance Requirements for HPEI Bulk Cable
SFF-8460, HSS Backplane Design Guidelines

SFF-8470, Shielded High Speed Multilane Copper Connector
SFF-8482, Unshielded Dual Port Serial Attachment Connector
SFF-8484, Multi-Lane Unshielded Serial Attachment Connectors
SFF-8485, Serial GPIO (SGPIO) Bus

NOTE 3 - For more information on the current status of SFF document, contact the SFF Committee at
408-867-6630 (phone), or 408-867-2115 (fax). To obtain copies of these documents, contact the SFF
Committee at 14426 Black Walnut Court, Saratoga, CA 95070 at 408-867-6630 (phone) or 408-741-1600
(fax) or see http://www.sffcommittee.org.

OMG Unified Modeling Language (UML) Specification. Version 1.5, March 2003.

NOTE 4 - For more information on the UML specification, contact the Object Modeling Group aj,
http://www.omg.org.

PANTONE® Color Formula Guide

NOTE 5 - Pantone® and PANTONE MATCHING SYSTEM® are registered trademarks of Pantone, Inc. For
more information on Pantone colors, contact Pantone, Inc. at http://www.pantone.com.
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——@ Author: Isi-bbesmer

\‘

y

Subject: Highlight

Date: 5/25/2008 4:40:18 PM
ACCEPT - DONE (only standards that are referenced go here; SAT is not currently referenced. Since almost all SAS initiators
include a SATL, though, it should be. Added "ISO/IEC 14776-922, SCSI/ATA Translation-2 (SAT-2) (T10/1826-D)" here, added
SAT-2 to figure 1 showing SCSI standards, and added "A SCSI to ATA translation layer (see SAT-2) may be implemented to
enable SCSI application clients to communicate with ATA devices." in 4.1.5.)

Add SAT-2 to this list?

Author: ktek-dmoore

Subject: Highlight

Date: 5/16/2008 1:00:20 PM

TACCEPT - DONE (This is leftover from when SATA was multiple specifications - SATA-1, SATA-2 extensions, SATA port selector,
etc. It also does help differentiate references to the SATA specification from SATA overall. However, that nuance seems

unnecessary. Replaced "SATA-2" with "SATA" everywhere. Changed "defined by SATA (see SATA-2)" to "defined by SATA".)

SATA-2 s/b SATArev 2.6 Global change. The SATA-IO organization says there is no such thing as SATA-2 and does not want
the term used. Maybe a definition of "SATA" equals "Serial ATA 2.6" in this standard and make a global change of SATA-2 to
SATA.

Author: Isi-bday

Subject: Highlight

Date: 5/6/2008 4:07:47 PM

I?I‘ACCEPT - DONE (keeping the parenthetical term, which is needed for references)

Serial ATA 2.6 (SATA-2).
s/b
Serial ATA Revision 2.6.

Author: mxim-mbari

Subject: Note

Date: 6/6/2008 1:27:08 PM

(= |REJECT (not appropriate for this section. We can refer to web sites in the main body.)
=

Should StatEye (www.stateye.org) need to be added to the list of other references?
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3 Definitions, symbols, abbreviations, keywords, and conventions

3.1 Definitions

3.1.1 8b10b coding: A coding scheme that represents an 8-bit byte (i.e., a control byte or data byte) as a
10-bit character (i.e., a control character or data character). See 6.2.

3.1.2 8b10b encoding: Encoding an 8-bit byte (i.e., a control byte or data byte) into a 10-bit character (i.e., a
control character or data character). See 6.2.

s
o U

3.1.3 10b8b decoding: Decoding a 10-bit character (i.e., a control char
byte (i.e., a control byte or data byte). See 6.2.

=1 or data character) into an 8-bit

3.1.4 actual lock time (ALT): <ite time during Train-SNW &t=wmcrra pity 10CKS ON Teceived ALTGIN (0)S
and/or ALIGN (1)s and changes from transmitting ALIGN (0) to ALIGN (1) (see 6.7.4.2.3.4).

3.1.5 actual training time (ATT): The time during Train-SNW at which training (see 3.1.278) is complete
(see 6.7.4.2.3.4).

=Q
[

3.1.6 active zone manager: The Zor
device (see 3.1.305). See 4.9.6.

manager (see 3.1.301) that successfully locked a goning expander

3.1.7 affiliation: The STP target port (see 3.1.267) state of limifing~=
those from one or more STP initiator ports (see 3.1.262). See 7.17.4.

cceptance of connection reyuests to

3.1.8 affiliation context: A set of ATA task file registers Qaintained by an STP target portiosan STP intiator

port holding an affiliation. See 7.17.4.

3.1.9 aggregation: When referring to classes (see 3.1.29), a form\Qf association (see 3.1.11) that defines a\
whole-part relationship between the whole (i.e., aggregate) class (se€\3.1.28) and its parts. See 3.5.

3.1.10 application client: An object that is the source of SCSI commands aQd task management function
requests (see SAM-4), ATA commands (see ATA8-AAM), or management functiwp requests. See 4.1.5.

@.1.11 association: When referring to classes (see 3.1.29), a relationship between tw or more classes (see
3.1.28) that specifies connections among their objects (see 3.1.151) (i.e., a relationship that specifies that
objects of one class are connected to objects of another class). See 3.5.
3.1.12 attached SAS address: The SAS address (see 3.1.196) of the attached phy (e.g., receivex
logical phy in the incoming IDENTIFY address frame during the initialization sequence (see 4.1.2)), oNthe
SAS address of the STP target port in an STP/SATA bridge (see 4.6.2).

3.1.13 attribute: When referring to classes (see 3.1.29) or objects (see 3.1.152), a named property of a class
(see 3.1.28) that describes the range of values that its objects (see 3.1.151) may hold. See 3.5.

3.1.14 AT Attachment (ATA): A standard for the internal attachment of storage devices to hosts. See
ATA8-AAM.

3.1.15 ATA device: A storage peripheral (analogous to a SCSI target device). See ATA8-AAM.

3.1.16 ATA domain: An I/O system consisting of an ATA host and one or more ATA devices that
communicate with one another by means of a service delivery subsystem (see 3.1.233). See ATA8-AAM.

3.1.17 ATA host: A host device that originates requests to be processed by an ATA device (analogous to a
SCSl initiator device). See ATA8-AAM.
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Page: 5

——@ Author: intc-mseidel
Subject: Highlight
Date: 6/6/2008 1:30:00 PM
IT‘ACCEPT - TODO (will be part of 08-202 table 65 pg 2)

"jitter, bounded uncorrellated (BUJ)" should appear in the list of definitions.

@ Author: intc-mseidel
Subject: Highlight
Date: 5/16/2008 1:02:03 PM
IT‘ACCEPT - DONE

The definition for ALT does not conform to that in Table 95. Table 95 is correct.

——@ Author: Isi-bday
Subject: Highlight
Date: 5/6/2008 4:07:47 PM
TACCEPT - DONE

Train-SNW
s/b
SNW-1, SNW-2, or Final-SNW

\' Author: Isi-bday

Subject: Highlight
Date: 5/6/2008 4:07:47 PM
IT‘ACCEPT - DONE (and moved earlier in the sentence)

(see 6.7.4.2.3.4).
s/b
6.7.4.2.3.2

\‘ Author: elx-bmartin

Subject: Highlight
Date: 5/6/2008 4:07:47 PM
IT‘ACCEPT - DONE (Moved this one earlier after "Train-SNW". The algorithm is: if the reference applies to the whole term, a new

See x.y sentence is added. If the reference is for some of the words in the sentence, it goes in the sentence after those words.)
(see 6.7.4.2.3.4).

Make see references at the end of definitions consistent either (see x.y) or See x.y.

Author: elx-bmartin

Subject: Highlight

Date: 5/26/2008 6:55:00 PM

T REJECT (there's no context here to define which zoning expander device is "the" one. "a" is better for this section.)

a
s.b.
the

a implies any zoning expander, while this refers to the zone manager that locked the zoning expander device that is being

\‘ referenced.
Author: wdc-mevans
Subject: Highlight
Date: 5/17/2008 1:44:43 PM
T REJECT (a field is not an object that can be "maintained"; literally changing "task file register" to "field" doesn't work in most cases.

SATA 2.6 uses the term "register" for many things, including the names of the Register - Host to Device and Register - Device to
Host FISes. So, changing most instances of "task file" to plain "register". Rewording some of them to "affiliation context".)

Comments from page 5 continued on next page
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3 Definitions, symbols, abbreviations, keywords, and conventions
3.1 Definitions

3.1.1 8b10b coding: A coding scheme that represents an 8-bit byte (i.e., a control byte or data byte) as a
10-bit character (i.e., a control character or data character). See 6.2.

3.1.2 8b10b encoding: Encoding an 8-bit byte (i.e., a control byte or data byte) into a 10-bit character (i.e., a
control character or data character). See 6.2.

3.1.3 10b8b decoding: Decoding a 10-bit character (i.e., a control character or data character) into an 8-bij
byte (i.e., a control byte or data byte). See 6.2.

port holding an affiliation. See 7.17.4.

3.1.9 aggregation: When referring to classes
whole-part relationship between the=#iole (i.e., aggregate) class (see 3.1.28) and its parts. See 3.5.

Ls
P
<1l

3.1.10 applicationzi€nt: An object that is #ie source of SCSI commands and task mz#
requests (se&SAM-4), ATA commands (see ATA8-AAM), or management fun

ragement function
240N requests. See 4.1.5.

.1.11 association: When referring to classes (see 3.1.29), aTelationship between two or more classes (see
3.1.28) that specifies connections among their objects (see 3.1.151) (i.e., a relationship that specifies that
objects of one class are connected to objects of another class). See 3.5.

3.1.12 attached SAS address: The SAS address (see 3.1.196) of the attached phy (e.g., received by a
logical phy in the incoming IDENTIFY address frame during the initialization sequence (see 4.1.2)), or the

SAS address of the STP target port in an STP/SATA bridge (see 4.6.2). /
3.1.13 attribute: When referring to classes (see 3.1.29) or objects (see 3.1.152), atrTamed property of a class
(see 3.1.28) that describes the range of values that its objects (see 3.1.151) may hold. See 3.5.

3.1.14 AT Attachment (ATA): A standard for the internal attachment of storage devices to hosts. See
ATA8-AAM.

3.1.15 ATA device: A storage peripheral (analogous to a SCSI target device). See-AFASALM,

3.1.16 ATA domain: An I/O system consisting of an ATA host and one or more ATA devices that
communicate with one another by means of a service delivery subsystem (see 3.1.233). See ATA8-AAM.

3.1.17 ATA host: A host device that originates requests to be processed by an ATA device (analogous to a
SCSl initiator device). See ATA8-AAM.

Working Draft Serial Attached SCSI - 2 (SAS-2) 5



task file registers
s/b
fields [this is how they are defined in ATA8-ACS]

Author: RElliott
Subject: Highlight
Date: 5/26/2008 7:20:02 PM

TACCEPT - DONE

classes (see 3.1.29)

s/b

classes (see 3.1.28)

and delete the 3.1.28 reference later

3.1.29 refers to "class diagrams"”, which this definition used to refer to, but no longer does.

Author: Isi-gpenokie

Subject: Highlight

Date: 5/25/2008 5:14:24 PM

T REJECT (only including a cross-reference by "object" when it closely tied to UML. This could be generic English)

If you insist on all things be cross referenced then there needs to be one here . << An object that is >>

Author: Isi-gpenokie

Subject: Sticky Note

Date: 5/25/2008 5:31:19 PM

(= |REJECT (some judgement was applied to whether they are useful or not. For example, when referring to UML terms (which sound

7 like standard English terms), the cross-references are often included.)

| have pointed out a few missing cross-references to other glossary entries. | question the benefits of adding in cross-references to
within section 3.1.xx as is see on way to get them all. | recommend removing them all.

Author: RElliott

Subject: Highlight

Date: 5/26/2008 7:20:36 PM
TACCEPT - DONE

classes (see 3.1.29)

s/b

classes (see 3.1.28)

and delete the 3.1.28 reference later

3.1.29 refers to "class diagrams", which this definition used to refer to, but no longer does.

———@ Author: RElliott
Subject: Highlight
Date: 5/26/2008 7:21:28 PM
IT‘ACCEPT - DONE

classes (see 3.1.29) or objects (see 3.1.152)
s/b
classes (see 3.1.28) or objects (see 3.1.151)

——@ Author: elx-bmartin
Subject: Highlight
Date: 5/25/2008 5:30:13 PM
IT‘ACCEPT - DONE (from ATA8-AAM's definition of "device", added "that processes ATA commands and device management

functions". ATA8-AAM defines "device", "ATA device", and "ATAPI" device; SAS is trying to use "ATA device" to mean ATAS-

Comments from page 5 continued on next page
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3 Definitions, symbols, abbreviations, keywords, and conventions
3.1 Definitions

3.1.1 8b10b coding: A coding scheme that represents an 8-bit byte (i.e., a control byte or data byte) as a
10-bit character (i.e., a control character or data character). See 6.2.

3.1.2 8b10b encoding: Encoding an 8-bit byte (i.e., a control byte or data byte) into a 10-bit character (i.e., a
control character or data character). See 6.2.

3.1.3 10b8b decoding: Decoding a 10-bit character (i.e., a control character or data character) into an 8-bit
byte (i.e., a control byte or data byte). See 6.2.

3.1.4 actual lock time (ALT): The time during Train-SNW at which a phy locks on received ALIGN (0)s
and/or ALIGN (1)s and changes from transmitting ALIGN (0) to ALIGN (1) (see 6.7.4.2.3.4).

3.1.5 actual training time (ATT): The time during Train-SNW at which training (see 3.1.278) is complete
(see 6.7.4.2.3.4).

3.1.6 active zone manager: The zone manager (see 3.1.301) that successfully locked a zoning expander
device (see 3.1.305). See 4.9.6.

3.1.7 affiliation: The STP target port (see 3.1.267) state of limiting acceptance of connection requests to
those from one or more STP initiator ports (see 3.1.262). See 7.17.4.

3.1.8 affiliation context: A set of ATA task file registers maintained by an STP target port for an STP initiator
port holding an affiliation. See 7.17.4.

3.1.9 aggregation: When referring to classes (see 3.1.29), a form of association (see 3.1.11) that defines a
whole-part relationship between the whole (i.e., aggregate) class (see 3.1.28) and its parts. See 3.5.

3.1.10 application client: An object that is the source of SCSI commands and task management function
requests (see SAM-4), ATA commands (see ATA8-AAM), or management function requests. See 4.1.5.

;;.1.11 association: When referring to classes (see 3.1.29), a relationship between two or more classes (see
3.1.28) that specifies connections among their objects (see 3.1.151) (i.e., a relationship that specifies that
objects of one class are connected to objects of another class). See 3.5.

3.1.12 attached SAS address: The SAS address (see 3.1.196) of the attached phy (e.g., received by a
logical phy in the incoming IDENTIFY address frame during the initialization sequence (see 4.1.2)), or the
SAS address of the STP target port in an STP/SATA bridge (see 4.6.2).

3.1.13 attribute: When referring to classes (see 3.1.29) or objects (see 3.1.152), a named property of a clag/s
(see 3.1.28) that describes the range of values that its objects (see 3.1.151) may hold. See 3.5.

3.1.14 AT Attachment (ATA): A standard for the internal attachment of storage devices to hosts. See
ATA8-AAM.

3.1.15 ATA device: A storage peripheral (analogous to a SCSI target device). See ATA8-AAM.

3.1.16 ATA domain: An I/O system consisting of an ATA host and one or more ATA devices that
communicate with one another by means of a service delivery subsystem (see 3.1.233). See ATA8-AAM.

3.1.17 ATA host: A host device that originates requests to be processed by an ATA device (analogous to a
SCSl initiator device). See ATA8-AAM.
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AAM's "device", since that definition conflicts with SCSI's definition of "device".)
A storage peripheral (analogous to a SCSI target device).

Clarify this as a storage device that processes requests originated by an ATA host.

Author: RElliott

Subject: Note

Date: 5/25/2008 5:19:04 PM
( AACCEPT - DONE

Add "Analogous to a SCSI domain."
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3.1.18 baud rate: The signaling speed, expressed as the maximum number of times per second that the
signal (see 3.1.234) may change the state of the physical link (see 3.1.164). Each state change produces a
transition (i.e., signal edge). The baud rate is the reciprocal of the Ul (i.e., fpa,q = 1/ Ul) (see 3.1.291).

3.1.19 big-endian: A format for storage or transmission of binary data in which the most significant byte

correct transmitted logical bits, divided 5y the number of transmitted logical bits—71€ BER is usually
expressed as a coefficient and a power of 10 (e.g., 2 erronegus-t#sout of 100 000 bits transmitted is
expressed as 2 out of 10° or 2 x 10°°). See MJSQ.

3.1.22 Broadcast: Information about an event in the SAS domain, communicated setwesipiys Wit te
BROADCAST primitive sequence (see 7.2.6.4) and/or the SMP ZONED BROADCAST function (see
10.4.3.20). See 4.1.13.

3.1.23 Broadcast propagation processor (BPP): An object within an
manages Broadcasts (see 3.1.22). See 4.6.5.

\V{aY-)

nder function (see 3.1.78) that

3.1.24 burst time: The part of an OOB signal (see 3.1.156) where the OOB burst (see 3.1.153) is
transmitted. See 6.6.

3.1.25 byte: A sequence of eight contiguous bits considered as a unit. A byte is encoded as a character (see
3.1.27) using 8b10b coding (see 6.2).

3.1.26 cable assembly: Bulk cable plus a separable connector at each end plus any retention, backshell, or
shielding features. See 5.2.4.

3.1.27 character: A sequence of ten contiguous bits considered as a unit. A byte (see 3.1.25) is encoded as
a character using 8b10b coding (see 6.2).

3.1.28 class: A description of a set of objects (see 3.1.151) that share the same attributes (see 3.1.13),
operations (see 3.1.157), relationships, and semantics. Classes may have attributes and may support
operations.

3.1.29 class diagram: A diagram that shows a collection of classes (see 3.1.28) and their contents and
relationships. See 3.5.

3.1.30 clock data recovery (CDR): The function provided by the receiver circuit responsible for producing a
regular clock signal (i.e., the recovered clock) from the received signal and for aligning the recovered clock to
the symbols (i.e., bits) being transmitted with the signal. The CDR uses the recovered clock to recover the
bits. See MJSQ.

3.1.31 command descriptor block (CDB): A structure used to communicate a command from a SCSI
application client to a SCSI device server. See SAM-4.

3.1.32 common SSC transmit clock: An implementation that employs a single transmit clock for multiple
transmitter devices and enables or disables SSC (see 5.3.8) on the transmit clock signal to all transmitter
devices in common rather than allowing each transmitter device to independently control SSC.

3.1.33 compliance point: An interoperability point where interoperability specifications are met. See 5.3.1.
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Author: wdc-mevans

Subject: Highlight

Date: 5/6/2008 4:07:47 PM

T REJECT (without the comma, could be interpreted as A that differ from (B divided by C). It needs to be interpreted as (A that differ
from B) divided by C.)

bits, divided
s/b
bits divided

_——@ Author: intc-mseidel
Subject: Highlight
Date: 5/25/2008 4:43:37 PM
T REJECT (that's how all such references are done; e.g. to SAM-4 or SPC-4 or SATA)

The directive "See MJSQ." is not well-defined in this context. It
should point to a section number ("See MJSQ in 2.2."). There are other occurrences of this phrase in the standard.

——@ Author: wdc-mevans
Subject: Highlight
Date: 5/17/2008 1:47:47 PM
T REJECT

domain, communicated
s/b
domain communicated

@ Author: Isi-gpenokie
Subject: Highlight
Date: 5/25/2008 5:14:31 PM
T REJECT (only including a cross-reference by "object" when it closely tied to UML. This could be generic English)

If you insist on all things be cross referenced then there needs to be one here . << An object within an >>
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3.1.34 compliant jitter tolerance pattern (CJTPAT): A test pattern for jitter testing. See 5.3.5.5 and A.2.

3.1.35 configuration subprocess: A subprocess invoked from the discover process (see 3.1.62) to

configure an externally configurable expander device (see 3.1.86). See 4.7.

3.1.36 confirmation: Information passed from a lower layer state machine to a higher layer state machine,

usually responding to a request (see 3.1.187) from that higher layer state machine, and sometimes relaying a

response (see 3.1.189) from a peer higher layer state machine. See 2 6.

3.1.37 connection: A temporary association between a SAS initiator port (see 3.1.201) and a SAS target
port (see 3.1.207) using a pathway (see 3.1.159). See 7.12.

3.1.38 connection rate: The effective rate of dwords through the pathway (see 3.1.159) between a SAS
initiator phy and a SAS target phy,<stablished through the connection request.

3.1.39 connection request: A request tosstablish a connection originated by a SAS initiator port (see
3.1.201) or a SAS target port using an OPEN avqress frame(see 7.8.3). See 7.12.2.1.

3.1.40 connector: Electro-mechanical components consisting of a receptacle and a plug that provide a
separable interface between two transmission segments. Ses

3.1.41 constraint: When referring to classes (see 3.1.29) and objecis (see 3.1.152), a mechanism for

specifying semantics or conditions that are maintained as true between extities (e.g., a required condition
between associations (see 3.1.11)). See 3.5.
3.1.42 control byte: A byte containing control information defined in table 84 (see 6.3

3.1.43 control character (Kxx.y): A character containing control information defined in tablex4 (see 6.2).

3.1.44 cumulative distribution function (CDF): The probability that jitter is less than a given value™NQee
MJSQ.

3.1.45 cyclic redundancy check (CRC): An error checking mechanism that checks data integrity by
computing a polynomial algorithm based checksum. See 7.5.

3.1.46 D.C. idle: A differential signal level that is nominally 0 V(P-P), used during the idle time (see 3.1.108)
and negation time (see 3.1.147) of an OOB signal (see 3.1.156). See 5.3.6.

3.1.47 data byte: A byte containing data information defined in table 83 (see 6.2).
3.1.48 data character (Dxx.y): A character containing data information defined in table 83 (see 6.2).
3.1.49 data dword: A dword containing four data bytes, or four data characters with correct disparity.

3.1.50 deadlock: A condition in which two or more processes (e.g., connection requests) are waiting on the
others to complete, resulting in none of the processes completing.

3.1.51 decibel (dB): One-tenth of the common logarithm (i.e., log,) of the ratio of relative powers.
NOTE 6 - The ratio of powers P; and P, in dB is 10 x logyq (P1 / Py). If Py = V42/ Ry, P, = V,2 I R,, and
R1=R,, then this ratio is equivalent to one-twentieth of the common logari f the relative voltage ratio (i.e.,
dB =20 x logyg (V1 /V5)) (e.9., 20 x logqq (1) = 0 dB, 20 x log4q (0.5) = -

3.1.52 dB millivolts (dBmV): The decibel ratio of an rms voltage value relative to 1 mV.

NOTE 7 - 20 mV(rms) is equal to 20 x log1¢(20 mV / 1 mV) = 26 dBmV. This does not depend on the
impedance level.
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Page: 7

Author: Isi-gpenokie

Subject: Highlight

Date: 5/26/2008 7:02:01 PM

T REJECT (this is describing how in an expander, a response from one phy gets converted into a confirmation by the outgoing phy -

part of the 4 step request -> indication -> response -> confirmation process. Added "(e.g., see figure 42 in 4.6.6.1)" which might
help)

| have no clue what this statement is trying to tell me << and sometimes relaying a response (see 3.1.189) from a peer higher layer
state machine. >> and there is nothing in section 3.6 that would help. | suggest it be deleted.

Author: wdc-mevans

Subject: Highlight

Date: 5/26/2008 7:02:24 PM

T REJECT (No other SCSI device is involved. This is describing how in an expander, a response from one phy gets converted into a

confirmation by the outgoing phy - part of the 4 step request -> indication -> response -> confirmation process. Added "(e.g., see
figure 42 in 4.6.6.1)" which might help)

from a peer higher layer state machine.
s/b
from a peer higher layer state machine in a different SCSI device.

Author: RElliott

Subject: Underline

Date: 5/26/2008 7:30:24 PM
TACCEPT - DONE

Remove cross-references from:
SAS initiator port (see 3.1.201) and a SAS target port (see 3.1.207)

Author: Isi-gpenokie

Subject: Highlight

Date: 6/3/2008 5:17:38 PM

T REJECT (there are about 250 cross references now. It's not a good idea to blindly delete them all, as some of them were added

upon request. It's not worth the effort to rejudge whether each one is individually better left in or out. References are usually
included when it's an unusual term, or being used as a building block for another definition. In this case, the terms "SAS initiator
phy" and "SAS target phy" are somewhat secondary in the definition, so I think it reads better without the references. The term
"pathway" is referenced since it is strange; "dword" and "connection request" are not.)

If you insist on all things be cross referenced then there needs to be one here . <<SAS initiator phys >>

Author: Isi-gpenokie

Subject: Highlight

Date: 6/3/2008 5:16:48 PM

T REJECT (see other comment on this sentence)

If you insist on all things be cross referenced then there needs to be one here . << SAS target phy >>

Author: RElliott

Subject: Underline

Date: 5/25/2008 5:36:58 PM
IT‘ACCEPT - DONE

SAS initiator port (see
3.1.201) or a SAS target port
s/b

SAS phy (see 3.1.200)

Initiator and target were mentioned separately to try to hint that expanders are different, but that's not really necessary. Phy should
be used rather than port here, too.

Comments from page 7 continued on next page
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3.1.34 compliant jitter tolerance pattern (CJTPAT): A test pattern for jitter testing. See 5.3.5.5 and A.2.

3.1.35 configuration subprocess: A subprocess invoked from the discover process (see 3.1.62) to
configure an externally configurable expander device (see 3.1.86). See 4.7.

3.1.36 confirmation: Information passed from a lower layer state machine to a higher layer state maz
usually responding to a request (see 3.1.187) from that higher layer state machine, and sometimegfelaying a
response (see 3.1.189) from a peer higher layer state machine. See 3.6.

3.1.37 connection: A temporary association between a SAS initiator port (see 3.1.20%
port (see 3.1.207) using a pathway (see 3.1.159). See 7.12.

3.1.201) or a SAS target port @Sing an OPEN address frame(dee 7.8.3). See 7.12.2.1.

3.1.40 connector: Electro-mechanical components consisting of a receptacle and a plug that proyde a
separable interface between two transmission segments. See 5.2.3.

3.1.41 constraint: When referring to classes (see 3.1.29) and objects (see 3.1.152), & mechanism for
specifying semantics or conditions that are maintained as true between entities (e.g., a required condition
between associations (see 3.1.11)). See 3.5.

3.1.42 control byte: A byte containing control information defined in table 84 (see 6.2).
3.1.43 control character (Kxx.y): A character containing control information defined in table 84 (see 6.2).

3.1.44 cumulative distribution function (CDF): The probability that jitter is less than a given value. Seg
MJSQ.

3.1.45 cyclic redundancy check (CRC): An error checking mechanism that checks data integriz
computing a polynomial algorithm based checksum. See 7.5.

3.1.46 D.C. idle: A differential signal level that is nominally 0 V(P-P), used during the id}#
and negation time (see 3.1.147) of an OOB signal (see 3.1.156). See 5.3.6.

N\

3.1.52 dB millivolts (dBm\3=The decibel ratio of an rms voltage value relative to 1 mV.

NOTE 7 =Z0 mV(rms) is equal to 20 x log1¢(20 mV / 1 mV) = 26 dBmV. This does not depend on the
impedance level.
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Author: RElliott

Subject: Highlight

Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

frame(
s/b
frame (

Author: Isi-gpenokie

Subject: Highlight

Date: 5/25/2008 5:35:31 PM

T REJECT (but changed definition instead)

If you insist on all things be cross referenced then there needs to be one here .<< SAS target port >>

Author: RElliott

Subject: Highlight

Date: 5/26/2008 7:22:02 PM
IT‘ACCEPT - DONE

classes (see 3.1.29) and objects (see 3.1.152)
s/b
classes (see 3.1.28) or objects (see 3.1.148)

Author: intc-mseidel

Subject: Highlight

Date: 5/6/2008 4:07:47 PM

IT‘ACCEPT - DONE (keeping note 6 as a note. If definitions get too long, people complain. | don't want to create a whole section
defining decibel, but do want to include the equations for power and voltage and some explanation of why 10 and 20 are used at
different times, so a long note seems like a good compromise)

A dB is ten times the common log of the power ratio, not one-tenth. It
also should incorporate Note 6.

Author: Isi-gpenokie

Subject: Highlight

Date: 5/6/2008 4:07:47 PM

T REJECT (This is mathematically wrong, and should be "Twenty times". Fixed it that way.)

This << one-twentieth >> should be expressed mathematically.

Author: relliott

Subject: Note

Date: 5/6/2008 4:07:47 PM
(— ACCEPT - DONE

=

List three example ratios: positive, negative, and 1.0.

Author: intc-mseidel

Subject: Highlight

Date: 5/6/2008 4:07:47 PM

T REJECT (see comment on dB)

Notes 7 and 8 should be incorporated into the definitions of dBmv and
dBm.
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3.1.53 dB milliWatts &Bw—hsegesisetratisstapaeweryaluo volative to 1 mW.

NOTE 8 - 20 mW is equal to 10 x l0og,(20 mW /1 mW) = 13 dBm. If power is measured with a 50 ohm
impedance level, 20 mW is equivalent to (0.02 W x 50 ohm)*/2) = 1 v or 60 dBmV. If power is measured with
a 25 ohm impedance level (i.e., the reference impedance for common mode measurements), 20 mW is
equivalent to (0.02 W x 25 ohm)/2 = 0.707 V or 57 dBmV.

3.1.54 decision feedback equalizer (DFE): A nonlinear equalizer that uses a feedback loop based on
previously decoded symbols.

3.1.55 deletable primitive: An ALIGN (see 7.2.5.1), NOTIFY (see 7.2.5.3), or MUX (see 7.2.5.2), which may

-

be deleted by a receiver instead of being placed into its eiastEiySaiie(see 1-0) ot 20

3.1.56 dependency: When referring to classes (see 3.1.29),a<telationship between two classes (see 3.1.28)

where a change to one class (i.e., the independent class) may cause atisaage in the other class (i.e., the

dependent class). See 3.5.
3.1.57 device name: A worldwide unique name for a device within a transport protocol. See 4.2.4.

3.1.58 device server: An object that processes SCSI tasks (see SAM-4), ATA commands (see ATA8-AAM),
or management functions. See 4.1.5.

3.1.59 direct current (D.C.): The non-A.C. component of a signal. In this standard, all frequency
components below 100 kHz.

3.1.60 direct routing attribute: The attribute of an expander phy that indicates it rrey~be 1ised by the ECM
(see 3.1.75) to route a connection request to an end device. See 4.6.7.1. \

3.1.61 direct routing method: The method the ECM (see 3.1.75) uses to route connection requests to an
attached end device or an attached expander device (see 3.1.77). See 4.6.7.1.

3.1.62 discover process: The process performed by a management application ciiestto discover all the
SAS devices (see 3.1.197) and expander devices (see 3.1.77) in the SAS domain (see 3.1.TS8\that invokes
the configuration subprocess (see 3.1.35) as needed. See 4.7.

3.1.63 disparity: The difference between the number of ones and zeros in a character (see 6.2).

3.1.64 dispersion: Signal pulse broadening and distortion from all causes.
3.1.65 domain: A SAS domain (see 3.1.198), a SCSI domain (see 3.1.219), or an ATA domain (see 3.1.16).

3.1.66 dword: A sequence of four contiguous bytes or four contiguous characters considered as a unit. The
meaning depends on the context (e.g., when discussing the bits being transmitted over a physical link, dword
represents four characters (i.e., 40 bits). When discussing the contents of a frame after 10b8b decoding (see
3.1.3), dword represents four bytes (i.e., 32 bits)).

3.1.67 dword synchronization: Detection of an incoming stream of dwords from a physical link by a phy.
See 6.9.

3.1.68 electromagnetic interference (EMI): Any electromagnetic disturbance that interrupts, obstructs, or
otherwise degrades or limits the effective performance of electronics/electrical equipment.

3.1.69 enclosure: The box, rack, or set of boxes providing the powering, cooling, mechanical protection, EMI
protection, and external electronic interfaces for one or more end device(s) (see 3.1.73) and/or expander
device(s) (see 3.1.77). The enclosure provides the outermost electromagnetic boundary and acts as an EMI
barrier. An enclosure is not a class (see 3.1.28) in this standard.
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Page: 8

——@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

milliWatts
s/b
milliwatts

per Sl brochure

—@ Author: elx-bmartin
Subject: Highlight
Date: 5/25/2008 4:45:33 PM
T REJECT (who else's could it be? There are no other nouns in the sentence that could be thought of as having a buffer.)

its
s.b.
the receiver's

@ Author. RElliott

Subject: Highlight
Date: 5/26/2008 7:22:29 PM
TACCEPT - DONE

classes (see 3.1.29)
s/b
classes (see 3.1.28)

@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

it
s/b
that the expander phy

to match wdc-mevans comments on subtractive and table routing attributes

e Author, RETiok

Subject: Underline
Date: 5/26/2008 7:32:56 PM
IT‘ACCEPT - DONE

Delete crossreference in:
expander device (see 3.1.77).

Author: elx-bmartin

Subject: Highlight

Date: 5/25/2008 5:37:52 PM

IT‘ACCEPT - DONE (moved the reference to the configuration subprocess into a new sentence instead)

The process performed by a management application client to discover all the SAS devices (see 3.1.197) and expander devices
(see 3.1.77) in the SAS domain (see 3.1.198) that invokes the configuration subprocess (see 3.1.35) as needed. See 4.7.

add comas as shown

The process performed by a management application client, to discover all the SAS devices (see 3.1.197) and expander devices
(see 3.1.77) in the SAS domain (see 3.1.198), that invokes the configuration subprocess (see 3.1.35) as needed. See 4.7.

Comments from page 8 continued on next page
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3.1.53 dB milliwatts (dBm): The decibel ratio of a power value relative to 1 mW.

NOTE 8 - 20 mW is equal to 10 x l0og,(20 mW /1 mW) = 13 dBm. If power is measured with a 50 ohm
impedance level, 20 mW is equivalent to (0.02 W x 50 ohm)*/2) = 1 v or 60 dBmV. If power is measured with
a 25 ohm impedance level (i.e., the reference impedance for common mode measurements), 20 mW is
equivalent to (0.02 W x 25 ohm)/2 = 0.707 V or 57 dBmV.

3.1.54 decision feedback equalizer (DFE): A nonlinear equalizer that uses a feedback loop b#Sed on
previously decoded symbols.

3.1.55 deletable primitive: An ALIGN (see 7.2.5.1), NOTIFY (see 7.2.5.3), or MUX (see 7.2.5.2), which may
be deleted by a receiver instead of being placed into its elasticity buffer (see 243). See 7.2.5.

3.1.56 dependency: When referring to classes (see 3.1.29), a relatic#Ship between two classes (see 3.1.28)
where a change to one class (i.e., the independent class) may ca«Se a change in the other class (i.e., the
dependent class). See 3.5.

3.1.57 device name: A worldwide unique name for zzdevice within a transport protocol. See 4.2.4.

3.1.58 device server: An object that process€s SCSI tasks (see SAM-4), ATA commands (see ATA8-AAM),

or management functions. See 4.1.5.

3.1.59 direct current (D.C.): The
components below 100 kHz.

7ion-A.C. component of a signal. In this standard, all frequency

3.1.60 direct routing 24{ribute: The attribute of an expander phy that indicates it may be used by the ECM
(see 3.1.75) to routz”a connection request to an end device. See 4.6.7.1.

3.1.61 direg¥routing method: The method the ECM (see 3.1.75) uses to route connection requests to an
attached2nd device or an attached expander device (see 3.1.77). See 4.6.7.1.

34.62 discover process: The process performed by a management application client to discover all the
SAS devices (see 3.1.197) and expander devices (see 3.1.77) in the SAS domain (see 3.1.198) that invok
the configuration subprocess (see 3.1.35) as needed. See 4.7.

3.1.63 disparity: The difference between the number of ones and zeros in a character (see 6.2).
3.1.64 dispersion: Signal pulse broadening and distortion from all causes.

3.1.65 domain: A SAS domain (see 3.1.198), a SCSI domain (see 3.1.219), or an ATA domain (se¢ 3.1.1)).
3.1.66 dword: A sequence of four contiguous bytes or four contiguous characters considered as # unit. The
meaning depends on the context (e.g., when discussing the bits being transmitted over a physical/link, dyord
represents four characters (i.e., 40 bits). When discussing the contents of a frame after 10b8b d¢/coding {see

3.1.3), dword represents four bytes (i.e., 32 bits)).

3.1.67 dword synchronization: Detection of an incoming stream of dwords from a physical ljnk by a phy.
See 6.9.

3.1.68 electromagnetic interference (EMI): Any electromagnetic disturbance that interrugts, obstructs, or
otherwise degrades or limits the effective performance of electronics/electrical equipment.

3.1.69 enclosure: The box, rack, or set of boxes providing the powering, cooling, mechanical protection, EMI
protection, and external electronic interfaces for one or more end device(s) (see 3.1.73) and/or expander
device(s) (see 3.1.77). The enclosure provides the outermost electromagnetic boundary and acts as an EMI
barrier. An enclosure is not a class (see 3.1.28) in this standard.
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Author: RElliott

Subject: Note

Date: 5/26/2008 7:34:22 PM
( AACCEPT - DONE

In the discover process definition, delete crossreferences for SAS device, expander device, and SA domain

Author: Isi-bbesmer

Subject: Highlight

Date: 5/17/2008 1:52:44 PM

IT‘ACCEPT - DONE ("before 8b10b encodirng or after 10b8b decoding")

This implies dword is only on the receive path. Also applies prior to 8b10b encoding (ie. when transmitting a dword).

Author: Isi-gpenokie

Subject: Highlight

Date: 5/17/2008 1:55:18 PM

T REJECT (this directly from the ANSI ATIS glossary. See http://www.atis.org/glossary/definition.aspx?id=7584)

This << electronics/electrical equipment. >> should be << electronics or electrical equipment. >>




28 January 2008 T10/1760-D Revision 14

3.1.70 enclosure in port: A set of expander phys with subtractive routing attributes using the same external
connector (see 5.2.3.3). See 4.6.2.

3.1.71 enclosure out port: A set of expander phys with table routing attributes in an expander device that
does not support table-to-table attachment using the same external connector (see 5.2.3.3). See 4.6.2.

3.1.72 enclosure universal port: A set of expander phys with table routing attributes in an expander device
that supports table-to-table attachment using the same external connector (see 5.2.3.3). See 4.6.2.

3.1.73 end device: A SAS device (see 3.1.197) or SATA device (see 3.1.210) that is not contained withiA an

expander device (see 3.1.77). /
3.1.74 event notification: Information passed from the transport layer i Lne—'.lotifying the

application feye~that a SCSI event has occurred. See SAM-4.

3.1.75 expander connection manager (ECM): An object within an expander Turcirer{see 3.1.78) that
manages routing. See 4.6.3.

3.1.76 expander connection router (ECR): The portion of an expander function (see 3.1.78) that routes
messages between expander phys. See 4.6.4.

3.1.77 expander device: A device that is part of a service delivery subsystem (see 3.1.233), facilitates
communication between SAS devices (see 3.1.197) and SATA devices (see 3.1.210), and is either an
externally configurable expander device (see 3.1.86) or a self-configuring expander device (see 3.1.227). See
4.1.7.

3.1.78 expander function: An object within an expander device (see 3.1.77) that containsM
connection manager (see 3.1.75), expander connection router (see 3.1.76), and_plupagation
processor (see 3.1.23). See 4.6.1.

3.1.79 expander logical phy: An expander phy (see 3.1.80) or a multiplexed portion of an expander phy.
See 4.1.2.

3.1.80 expander phy: A phy in an expander device (see 3.1.77) that interfaces to a service delivery
subsystem (see 3.1.233).

3.1.81 expander port: An expander device object that interfaces to a service delivery subsystem (see
3.1.233) and to SAS ports in other devices. See 4.6.2.

3.1.82 expander route entry: A SAS address and an enable/disable bit in an expander route table (see
3.1.84).

3.1.83 expander route index: A value used in combination with a phy identifier to select an expander route
entry in an expander route table (see 3.1.84) in an externally configurable expander device (see 3.1.86). See
4.6.7.3.

3.1.84 expander route table: A table of expander route entries (see 3.1.82) within an expander device (see
3.1.77). The table is used by the expander function (see 3.1.78) to resolve connection requests. See 4.6.7.3.

3.1.85 external connector: A bulkhead connector (see 3.1.40), whose purpose is to carry signals into and
out of an enclosure (see 3.1.69), that exits the enclosure with only minor compromise to the shield
effectiveness of the enclosure (e.g., a SAS 4x receptacle or Mini SAS 4x receptacle). See 5.2.3.3.

3.1.86 externally configurable expander device: A non-self-configuring expander device (see 3.1.77) that

contains an expander route table (see 3.1.84) that is configurable with the SMP CONFIGURE ROUTE
INFORMATION function (see 10.4.3.27). See 4.1.7.
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Author: stx-ghoulder
/ Subject: Highlight

Date: 5/6/2008 4:07:48 PM

3ACCEPT - DONE

application layer
should be "SCSI application layer".

_—@ Author: relliott

Subject: Highlight
Date: 5/25/2008 4:46:55 PM
IT‘ACCEPT - DONE

transport layer

s/b
SSP transport layer

————@ Author: relliott

Subject: Highlight
Date: 5/6/2008 4:07:48 PM
TACCEPT - DONE

application
s/b
SCSI application

——@ Author: stx-ghoulder

Subject: Highlight
Date: 5/6/2008 4:07:47 PM

’REJECT (Broadcast is capitalized everywhere, including when it is used as part of the name of an object.)

Broadcast -- why is this capitalized but none of the other objects within an expander are capitalized?
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3.1.87 eye contour: The locus of points in a signal level versus time eye diagram where the CDF of 1012 in
the actual signal population exists. Comparison of the measured eye contour to the jitter eye mask determines
whether a jitter eye mask violation has occurred. See 5.3.5 and MJSQ.

3.1.88 fall time: The time interval for the falling signal edge to transit between specified percentages of the
signal amplitude. In this standard, the measurement points are the 80 % and 20 % voltage levels. Alsg s&€
rise time (see 3.1.191).

3.1.89 fanout cable assembly: A cable assembly that attaches a wide connector gn one end to multiple
narrow connectors sithe-stherend-See 5241 2

3.1.90 far-end crosstalk: Crosstalk that is propagated in a disturbed channel in the same direction as the
propagation of a signal in the disturbing channel. The terminals of the disturbed channel, at which the far-end
crosstalk is present, and the energized terminals of the disturbing channel are usually remote from each other.

3.1.91 field: A group of one s=mare contiguous bits.

3.1.92 frame: A sequence of data dwords between a start of frame primitive T.eSQE,
and an end of frame primitive (i.e., EOF, EOAF, or SATA_EOF).

SOAF, or SATA_SOF)

3.1.93 frame information structure (FIS): The SATA frame format. See SATA-2.

3.1.94 generalization: When referring to classes (see 3.1.29), s relationship among classes
where one class (i.e., the superclass) shares the attributes (see 3.10
or more other classes (i.e., the subclasses). See 3.5.

(see 3.1.28)
43) and operations (see 3.1.3R7) of one

St
C

3.1.95 golden phase lock loop (golden PLL): A function that conforms to the Jier timing reference
frequency response requirements in MJSQ that extracts the jitter timing reference fronnthe data stream under
test to be used as the timing reference for the instrument used for measuring the jitter in thesignal under test.
See MJSQ.

3.1.96 hard reset: A SAS device or expander device action in response to a reset event in which theNdgvice
performs the operations described in 4.4.

3.1.97 hard reset sequence: A sequence that causes a hard reset (see 4.4).
3.1.98 hardware maximum physical link rate: The maximum physical link rate capability of a phy.
3.1.99 hardware minimum physical link rate: The minimum physical link rate capability of a phy.

3.1.100 hash function: A mathematical function that maps values from a larger set of values into a smaller
set of values, reducing a long value into a shorter hashed value.

3.1.101 |_T nexus: When referring to SAS ports (see 3.1.204), a nexus between a SAS initiatorgat and a
SAS target port. When referring to SCSI ports (see 3.1.222), a nexus between a SCSI initiator port and a
SCSI target port. See SAM-4.

3.1.102 |_T nexus loss: When referring to SAS ports (see 3.1.204), a condition where a SAS port
determines that another SAS port is no longer available. See 4.5. When referring to SCSI ports (see
3.1.222)(e.g., SSP ports), a condition resulting from the events defined by SAM-4 in which the SCSI device
performs the |_T nexus loss operations described in SAM-4, SPC-4, and the appropriate command standards.
See SAM-4.

3.1.103 |_T_L nexus: A nexus thatexists between a SCSI initiator port, a SCSI target port, and a logical unit.
This relationship extends the prier |_T nexus. See SAM-4.
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Author: elx-bmartin

Subject: Highlight

Date: 6/3/2008 5:24:29 PM

IT‘ACCEPT - DONE (changed to "with one connector on one end and multiple connectors on the other end", avoiding that term and

providing a more accurate definition. A fanout cable assembly in SAS-2.1 could easily be 8x on one side to two 4x on the other
side.)
wide connector

There is no definition of "wide connector" modify this reference to refer to multiple phys or something of that nature.

—@ Author: elx-bmartin
Subject: Highlight
Date: 6/3/2008 5:24:44 PM
IT‘ACCEPT - DONE (see previous response in this sentence)

narrow connectors

There is no definition of "narrow connector" modify this reference to refer to single phy or something of that nature.

———@ Author: elx-bmartin
Subject: Highlight
Date: 5/6/2008 4:07:48 PM
T REJECT (fields can be 1 bit, and in some standards there are tables with "Field" headers that list both 1-bit and multi-bit fields. Not

sure if SAS does that right now, but it should be able to.)
one
s.b.
two

We never refer to a one bit field, we always refer to that as a bit.

\' Author: intc-mseidel

Subject: Highlight
Date: 5/17/2008 1:56:10 PM
IT‘ACCEPT - DONE (changed to "See SATA" to agree with other comments on SATA-2 references)

"SATA-2" is not defined in this standard, but is in the list of
abbreviations. The pointer should be to a section number (2.4).
There may be other occurrences of this phrase in the standard.

\‘ Author: RElliott

Subject: Highlight
Date: 5/26/2008 7:22:56 PM
IT‘ACCEPT - DONE

classes (see 3.1.29)
s/b
classes (see 3.1.28)

@ Author: wdc-mevans
Subject: Highlight
Date: 5/17/2008 1:58:07 PM
T REJECT (this is a generic definition. 4.2.5 and Annex E are very specific implementations of hashing)

value.
s/b
value (see Annex E).

Comments from page 10 continued on next page
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3.1.87 eye contour: The locus of points in a signal level versus time eye diagram where the CDF of 1012 in
the actual signal population exists. Comparison of the measured eye contour to the jitter eye mask determines
whether a jitter eye mask violation has occurred. See 5.3.5 and MJSQ.

3.1.88 fall time: The time interval for the falling signal edge to transit between specified percentages of the
signal amplitude. In this standard, the measurement points are the 80 % and 20 % voltage levels. Also see
rise time (see 3.1.191).

3.1.89 fanout cable assembly: A cable assembly that attaches a wide connector on one end to multiple
narrow connectors on the other end. See 5.2.4.1.3.

3.1.90 far-end crosstalk: Crosstalk that is propagated in a disturbed channel in the same direction as the
propagation of a signal in the disturbing channel. The terminals of the disturbed channel, at which the far-eAd
crosstalk is present, and the energized terminals of the disturbing channel are usually remote from each ¢ther.

3.1.91 field: A group of one or more contiguous bits.

3.1.92 frame: A sequence of data dwords between a start of frame primitive (i.e., SOF, SOAF, or ATA_S
and an end of frame primitive (i.e., EOF, EOAF, or SATA_EOF).

3.1.93 frame information structure (FIS): The SATA frame format. See SATA-2.

3.1.94 generalization: When referring to classes (see 3.1.29), a relationship among clag5es (4ee 3.1.28)
where one class (i.e., the superclass) shares the attributes (see 3.1.13) and operations /see/8.1.157) of one
or more other classes (i.e., the subclasses). See 3.5.

3.1.95 golden phase lock loop (golden PLL): A function that conforms to the jitt#r tihing reference

frequency response requirements in MJSQ that extracts the jitter timing reference/fro/n the data stream under
test to be used as the timing reference for the instrument used for measuring th¢/jifzer in the signal under test.
See MJSQ.
3.1.96 hard reset: A SAS device or expander device action in response t¢/# reset event in which the device
performs the operations described in 4.4.

3.1.97 hard reset sequence: A sequence that causes a hard reset (sfe 4.4).

3.1.98 hardware maximum physical link rate: The maximum phy/sical link rate capability of a phy.

3.1.99 hardware minimum physical link rate: The minimum g)ysical link rate capability of a phy.
3.1.100 hash function: A mathematical function that maps/A/Alues from a larger set of values into a smaller
set of values, reducing a long value into a shorter hashed /#eiue.

3.1.101 |_T nexus: When referring to SAS ports (see/3.).204), a nexus between a SAS initiator port and a
SAS target port. When referring to SCSI ports (see 3/1.722), a nexus between a SCSI initiator port and a
SCSI target port. See SAM-4.

3.1.102 |_T nexus loss: When referring to SA% po/
determines that another SAS port is no longe/avéilable. See 4.5. When referring to SCSI ports (see
3.1.222)(e.g., SSP ports), a condition result/1g from the events defined by SAM-4 in which the SCSI device
performs the |_T nexus loss operations describgd in SAM-4, SPC-4, and the appropriate command standards.
See SAM-4.

1s (see 3.1.204), a condition where a SAS port

3.1.103 |_T_L nexus: A nexus that/Axists hetween a SCSI initiator port, a SCSI target port, and a logical unit.
This relationship extends the prier { T nexus. See SAM-4.
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Author: wdc-mevans
Subject: Cross-Out

Date: 5/25/2008 4:48:04 PM
%ACCEPT - DONE

that exists
[Delete these words here or add them in the other nexus definitions.]

Author: elx-bmartin
Subject: Cross-Out
Date: 5/17/2008 2:06:06 PM

%ACCEPT - DONE (deleted whole sentence, which is no longer included in the SAM-4 definition of this term)

prior

This term is unnecessary and is confusing as |_T nexus is 2 definitions above this one.
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3.1.104 1_T_L_Q nexus: A nexus between a SCSI initiator port, a SCSI target port, a logical unit, and a task.
This relationship extends the prier —Lnexus or |_T_L nexus. See SAM-4. \

3.1.105 IDENTIFY (PACKET) DEVICE data: IDENTIFY DEVICE Gata<$xam an ATA device, or DENTIFY
PACKET DEVICE data from an ATAPI device. See ATA8-ACS.

3.1.106 identification sequence: A sequence where phys exchange IDENTIFY address frames. See X

3.1.107 idle dword: A vendor-specific data dword that is scrambled and is transmitted outside a frame. See
7.4.

3.1.108 idle time: The part of an OOB signal (see 3.1.156) where D.C. idle (see 5.3.6) is bging transmitted
interleaved-with-O0OB burst (see-3.1.153). See 6.6.

3.1.109 indication: Information passed from a loweslayer state machine to a higher layer state mac
—_See 3.6.

3.1.110 information unit (IU): The portion of an SSP frame that C
function, data, response, or transfer ready information. See 9.2.2.

xine,
wies command \IR

sk management

3.1.111 insertion loss: The ratio, usually expressed in dB, of incident power to s
magnitude of S;, or S,4 is the negative of insertion loss in dB. See B.9.

livereN pywer. The dB

3.1.112 intersymbol interference (ISI): Reduction in the distinction of a pulse caused by oveNaQpN\g energy
from neighboring pulses. Neighboring pulses are pulses that are close enough to have significagt engy

overlapping and does not imply or exclude adjacent pulses (i.e., many bit times may separate the\pulsexy
especially in the case of reflections). ISI may result in DDJ and vertical eye closure. Several mechpisms
produce ISI (e.qg., dispersion, reflections, and circuits that lead to baseline wander). See MJSQ.

3.1.113 invalid character: A character that is not a control character (see 3.1.43) or a data character (
3.1.48).

3.1.114 invalid dword: A dword that is not a data dword (see 3.1.49) or a primitive (see 3.1.172) (i.e., in th§
character context, a dword that contains an invalid character, a control character in other than the first
character position, a control character other than K28.3 or K28.5 in the first character position, or one or more
characters with a running disparity error).

3.1.115 jitter: The collection of instantaneous deviations of signal edge times at a defined signal level of the
signal from the reference times (e.g., as defined by the jitter timing reference) for those events. See MJSQ.

3.1.116 jitter, data dependent (DDJ): Jitter that is added when the transmission pattern is changed from a
clock-like to a non-clock-like pattern. See MJSQ.

3.1.117 jitter, deterministic (DJ): Jitter with non-Gaussian distribution. See MJSQ.

3.1.118 jitter, random, (RJ): Jitter that is characterized by a Gaussian distribution and is unbounded. See
MJSQ.

3.1.119 jitter, sinusoidal (SJ): Single frequency jitter applied during signal tolerance testing. See MJSQ.
3.1.120 jitter, total (TJ): Jitter from all sources. See MJSQ.

3.1.121 jitter timing reference: The signal used as the basis for calculating the jitter in the signal under test.
See MJSQ.
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Page: 11

Author: Isi-gpenokie

Subject: Highlight

Date: 5/6/2008 4:07:48 PM
IT‘ACCEPT - DONE (global change)

The term << task >> in most cases should be changed to << command >>

Author: elx-bmartin

Subject: Cross-Out

Date: 5/17/2008 2:06:21 PM

,?ACCEPT - DONE (deleted whole sentence, which is no longer included in the SAM-4 definition of this term)

prior

This term is unnecessary and is confusing as to what is meant by prior. Prior in time or what?

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 4:48:30 PM

T REJECT (this is not two clauses logically ORed, this is joining two independent clauses)

device, or
s/b
device or

Author: relliott

Subject: Highlight

Date: 5/6/2008 4:07:48 PM
IT‘ACCEPT - DONE

(see 5.3.6) is
should refer to the D.C. idle definition in 3.1.xx

Author: wdc-mevans
Subject: Cross-Out

Date: 5/6/2008 4:07:48 PM
%ACCEPT - DONE

interleaved with OOB burst (see 3.1.153).
[Delete the unnecessary words.]

Author: wdc-mevans

Subject: Highlight

Date: 5/26/2008 7:02:35 PM

T REJECT (this is describing how in an expander, a response from one phy gets converted into a confirmation by the outgoing phy -
part of the 4 step request -> indication -> response -> confirmation process. Added "(e.g., see figure 42 in 4.6.6.1)" which might
help)

from a peer higher layer state machine.
s/b
from a peer higher layer state machine in a different SCSI device.

Author: stx-ghoulder
Subject: Highlight
Date: 5/6/2008 4:07:48 PM
REJECT (the peer relationship is between the higher layer state machine on the initiator and on the target. The initiator application

layer sends something using a request, the target application layer receives it in an indication.)

usually relaying a request (see 3.1.187) from a peer higher layer state machine.
-- the "peer higher layer" phrase totally loses me. If you are a lower level machine passing a message to a higher layer machine,

Comments from page 11 continued on next page
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3.1.104 1_T_L_Q nexus: A nexus between a SCSI initiator port, a SCSI target port, a logical unit, and a task.
This relationship extends the prier |_T nexus or |_T_L nexus. See SAM-4.

3.1.105 IDENTIFY (PACKET) DEVICE data: IDENTIFY DEVICE data from an ATA device, or IDENTIFY
PACKET DEVICE data from an ATAPI device. See ATA8-ACS.

3.1.106 identification sequence: A sequence where phys exchange IDENTIFY address frames. See 7.9.

“

3.1.107 idle dword: A vendor-specific data dword that is scrambled and is transmitted outside a frgxe. See

7.4.

3.1.108 idle time: The part of an OOB signal (see 3.1.156) where D.C. idle (see 5.3.6) is4eing transmitted
interleaved-with-O0OB burst (see- 31153} See 6.6.

3.1.109 indication: Information iassed from a lower Iaier state machine to a b

3.1.110 information unit (IU): The portion of an SSP frame that cargés command, task manageme:
function, data, response, or transfer ready information. See 9.2.2.

gher layer state machine,
See 3.6.

3.1.111 insertion loss: The ratio, usually expressed in dB, df incident power to delivered gower. The 48
magnitude of S;, or S,4 is the negative of insertion loss in dB. See B.9.

3.1.112 intersymbol interference (ISI): Reduction in the distinction of a pulse czised by g#erlapping energy
from neighboring pulses. Neighboring pulses are pulses that are close enougi’to havesignificant energy
overlapping and does not imply or exclude adjacent pulses (i.e., many bit $#hes mgy separate the pulses,
especially in the case of reflections). ISI may result in DDJ and vertical Zye clogdre. Several mechanisps
produce ISI (e.qg., dispersion, reflections, and circuits that lead to bagéline wdnder). See MJSQ.

3.1.113 invalid character: A character that is not a control charactex
3.1.48).

(see 3.1.43) or a dz1a character (see

3.1.114 invalid dword: A dword that is not a data dwgtrd LLee 3.1.49) or g4fimitive (see 3.1.1722AT.e., in the

character context, a dword that contains an invalid zhgzacter, a controglcharacter in other thzt the first

character position, a control character other thap/&K28.3 or K28.5 ipAhe first charactersgsition, or one or more
characters with a running disparity error).
fnis of signal edge times at a defined signalte
#g reference) for those—events. See MJSQ.

3.1.115 jitter: The collection of instantgzz0ous deviat]
signal from the reference times (e.g. ZS defined k4 the jitter timi

Z

ter that is ad&ed whepn ts
clock-like to a non-clock-like pattern,%ee MJSQ

3.1.116 jitter, data dependent {ODJ): J¥ < transmission pattern is changed from a

3.1.117 jitter, deterministic ZFaTnon-Gaussian distribution. See MJSQ.

<T,

3.1.118 it
MJISQ.

3.1.119 jitter, sinusoidal &3 —Single frequency jitter applied during signal tolerance testing. See MJSQ.

~

3.1.120 jitter, total E=+—=terfemansoaisssSee VeSS

random,<RJ): <itter that is characterized by a Gaussian distribution and is unbounded. See

3.1.121 jitter timing reference: The signal used as the basis for calculating the jitter in the signal under test.
See MJSQ.
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how can there be a peer higher layer machine to the lower layer machine? | think this entire phrase should be deleted.

Author: Isi-gpenokie

Subject: Highlight

Date: 5/6/2008 4:07:48 PM

T REJECT (the value defined by "insertion loss" is not required to be described in dB. The definition would be incorrect if it insisted

on that. S-parameter files used by physical layer designers can be in 3 different formats, only one of which uses dB)

Is there any case in this standard when it is expressed in something other than dB? | think not so the << usually >> term should be
deleted.

Author: Isi-gpenokie

Subject: Highlight

Date: 5/25/2008 4:49:44 PM
ACCEPT - DONE

This should be << data dependent jitter >>

Author: elx-bmartin

Subject: Highlight

Date: 5/25/2008 4:49:12 PM
IT‘ACCEPT - DONE

3.1.116 jitter, data dependent

Change 3.1.116 to 3.1.120 to be the proper name not "jitter, qualifier" (e.g., "data dependent jitter" not "jitter, data dependent").

Author: Isi-gpenokie
Subject: Highlight

Date: 5/6/2008 4:07:48 PM
TACCEPT - DONE

This should be << deterministic jitter >>

Author: wdc-mevans
Subject: Highlight

Date: 5/6/2008 4:07:48 PM
IT‘ACCEPT - DONE

random, (RJ):
s/b
random (RJ):

Author: Isi-gpenokie
Subject: Highlight

Date: 5/6/2008 4:07:48 PM
IT‘ACCEPT - DONE

This should be << random jitter >> and the second , should be deleted.

Author: Isi-gpenokie
Subject: Sticky Note

Date: 5/6/2008 4:07:48 PM
(— ACCEPT - DONE

5~

If I'm going to the glossary to look for any of these types of jitter | would not look in the j's | would look in d, r, or s and not find it.

Author: Isi-gpenokie
Subject: Highlight

Date: 5/6/2008 4:07:48 PM
IT‘ACCEPT - DONE

This should be << sinusoidal jitter >>

Author: Isi-gpenokie
Subject: Highlight
Date: 5/6/2008 4:07:48 PM

Comments from page 11 continued on next page
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3.1.104 1_T_L_Q nexus: A nexus between a SCSI initiator port, a SCSI target port, a logical unit, and a task.
This relationship extends the prier |_T nexus or |_T_L nexus. See SAM-4.

3.1.105 IDENTIFY (PACKET) DEVICE data: IDENTIFY DEVICE data from an ATA device, or IDENTIFY
PACKET DEVICE data from an ATAPI device. See ATA8-ACS.

3.1.106 identification sequence: A sequence where phys exchange IDENTIFY address frames. See 7.9.

3.1.107 idle dword: A vendor-specific data dword that is scrambled and is transmitted outside a frame. See
7.4.

3.1.108 idle time: The part of an OOB signal (see 3.1.156) where D.C. idle (see 5.3.6) is being transmitted
interleaved-with-O0OB burst (see- 31153} See 6.6.

3.1.109 indication: Information passed from a lower layer state machine to a higher layer state machine,
*See 3.6.

3.1.110 information unit (IU): The portion of an SSP frame that carries command, task management
function, data, response, or transfer ready information. See 9.2.2.

3.1.111 insertion loss: The ratio, usually expressed in dB, of incident power to delivered power. The dB
magnitude of S;, or S,4 is the negative of insertion loss in dB. See B.9.

3.1.112 intersymbol interference (ISI): Reduction in the distinction of a pulse caused by overlapping energy
from neighboring pulses. Neighboring pulses are pulses that are close enough to have significant energy
overlapping and does not imply or exclude adjacent pulses (i.e., many bit times may separate the pulses,
especially in the case of reflections). ISI may result in DDJ and vertical eye closure. Several mechanisms
produce ISI (e.qg., dispersion, reflections, and circuits that lead to baseline wander). See MJSQ.

3.1.113 invalid character: A character that is not a control character (see 3.1.43) or a data character (see
3.1.48).

3.1.114 invalid dword: A dword that is not a data dword (see 3.1.49) or a primitive (see 3.1.172) (i.e., in the
character context, a dword that contains an invalid character, a control character in other than the first
character position, a control character other than K28.3 or K28.5 in the first character position, or one or more
characters with a running disparity error).

3.1.115 jitter: The collection of instantaneous deviations of signal edge times at a defined signal level of the
signal from the reference times (e.g., as defined by the jitter timing reference) for those events. See MJSQ.

3.1.116 jitter, data dependent (DDJ): Jitter that is added when the transmission pattern is changed from a
clock-like to a non-clock-like pattern. See MJSQ.

3.1.117 jitter, deterministic (DJ): Jitter with non-Gaussian distribution. See MJSQ.

3.1.118 jitter, random, (RJ): Jitter that is characterized by a Gaussian distribution and is unbounded. See
MJSQ.

3.1.119 jitter, sinusoidal (SJ): Single frequency jitter applied during signal tolerance testing. See MJSQ.
3.1.120 jitter, total (TJ): Jitter from all sources. See MJSQ.

3.1.121 jitter timing reference: The signal used as the basis for calculating the jitter in the signal under test.
See MJSQ.
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This should be << total jitter >>
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3.1.122 jitter tolerance: The ability of the receiver device to recover transmitted bits in an incoming data
stream in the presence of specified jitter in the signal applied to the receiver device compliance point. See
MJSQ.

3.1.123 jitter tolerance pattern (JTPAT): A test pattern for jitter testing. See 5.3.5.5 and A.1.

3.1.124 least mean square (LMS): An algorithm for adaptively adjusting the tap coefficients of a DFE (see
3.1.54) based on the difference between the desired and actual signal.

3.1.125 least significant bit (LSB): In a binary code, the bit or bit position with the smallest numerical
weighting in a group of bits that, when taken as a whole, represent a numerical value (e.g., in the number
0001b, the bit that is set to one).

3.1.126 link reset: Performing the link reset sequence (see 3.1.127).

3.1.127 link reset sequence: For SATA, a phy reset sequence (see 3.1.163). For SAS, a phy reset
sequence followed by an identification sequence (see 3.1.106), or a phy reset sequence followed by # hard
reset sequence (see 3.1.97), another phy reset sequence, and an identification sequence. See 4.4

3.1.128 little-endian: A format for storage or transmission of binary data in which the least sigyiificant byte

appears first. In a multi-byte value, the byte containing the least significant bit is stored in the fowest memory
address and transmitted first, and the byte containing the most significant bit is stored in theZhighest memory
address and transmitted last (e.qg., for the value 0080h, the byte containing 80h is stored ir/the lowest memory
address, and the byte containing 00h is stored in the highest memory address).

3.1.129 livelock: A condition where two or more processes (e.g., connection reque/its) continually change
their state in response to changes in other processes, resulting in none of the proZesses completing.

3.1.130 locked zoning expander device: A zoning expander device (see 3.).305) that has been locked by
a zone manager (see 3.1.301). See 4.9.6.2.

3.1.131 logical link: A physical link (see 3.1.164) or a multiplexed portiZn of a physical link. See 4.1.3.

3.1.132 logical link rate: A link rate between two logical phys estab)ished as a result of speed negotiation
and multiplexing negotiation between the physical phys containing yhose logical phys.
3.1.133 logical phy: A phy (see 3.1.161) or a multiplexed portisn of a phy. See 4.1.2.

3.1.134 logical unit: An externally addressable entity withiy
device model and contains a device server. See SAM-4.

a SCSI target device that implements a SCSI

3.1.135 logical unit number (LUN): An identifier for &/logical unit (see 3.1.134). See SAM-4.

3.1.136 maximum training time (MTT): The maxjnhum time during Train-SNW for a phy receiver to
complete training (see 3.1.278) (see 6.7.4.2.3.4).

3.1.137 maximum Train-SNW window time (MTWT): The maximum duration of Train-SNW (see
6.7.4.2.3.4).

3.1.138 media: Plural of medium (see 3.1.139).
3.1.139 medium: The material on which data is stored (e.g., a magnetic disk).

3.1.140 message: Information sent between state machines. See 3.6.

12 Working Draft Serial Attached SCSI - 2 (SAS-2)
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IT‘ACCEPT - DONE (moved latter after "Train-SNW")

(see 3.1.278) (see 6.7.4.2.3.4).

do not put two parenthetical references next to each other.
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3.1.141 most significant bit (MSB): In a binary code, the bit or bit position with the largest numerical
weighting in a group of bits that, when taken as a whole, represent a numerical value (e.g., in the number
1000b, the bit that is set to one).

3.1.142 multiplexing: Dividing a physical link into two logical links, and dividing a phy into t
by interleaving dwords. See 6.10.

3.1.143 multiplicity: When referring to classes (see 3.1.29), arindication of the range of allowable instances
of an object (see 3.1.151) or an attribute (see 3.1.13). See 3.5.

3.1.144 narrow link: A physical link that attaches a narrow port to another narrow port. See 4.1.4.

3.1.145 narrow port: A port that contains exactly one phy. See 4.1.4.

3.1.146 near-end crosstalk (NEXT): Crosstalk that is propagated in a disturbed channel in the opposite
direction as the propagation of a signal in the disturbing channel. The terminals of the disturbed channel, at
which the near-end crosstalk is present, and the energized terminals of the disturbing channel are usually

near each other.

3.1.147 negation time: The part of an OOB signal (see 3.1.156) during which D.C. idle (see 3.1.46) is
transmitted after the last OOB burst (see 3.1.153). See 6.6.

3.1.148 negotiated logical link rate: The current operational logical link rate (see 3.1.132).
3.1.149 negotiated physical link rate: The current operational physical link rate (se
3.1.150 nexus: When referring to SAS ports (see 3.1.204), a relationship-g€tween a SAS initiator port and a
SAS target port. When referring to SCSI ports (see 3.1.222), a relatizriship between a SCSI initiator port and a

SCSI target port that may extend to a logical unit and a task.-See SAM-4.

3.1.151 object: An entity with a well-defined boundary and identity that encapsulates state and behavior. All
objects are instances of classes (see 3.1.28)(i.e., a concrete manifestation of a class is an object).

3.1.152 object diagram: A diagram that encompasses objects and their relationships at a point in time. See
3.5.

3.1.153 OOB burst: The transmission of signal transitions for a burst time (see 3.1.24). See 6.6.1.

3.1.154 OOB interval: The time basis for burst times (see 3.1.24), idle times (see 3.1.108) +fegation times
(see 3.1.147), and signal times (see 3.1.237) used to create OOB signals (see 3.1.156), %ee 6.6.1.

3.1.155 OOB sequence: A sequence where two phys exchange OOB signals (sg€ 3.1.156). See 6.7.2.1 and
6.7.4.1.

3.1.156 OOB signal: A pattern of idle time (see 3.1.108), burst time (s€e 3.1.24), and negation time (see
3.1.147) used during the link reset sequence. See 6.6.

3.1.157 operation: When referring to classes (see 3.1.29), 4 service that may be requested from any object
(see 3.1.151) of the class (see 3.1.28) in order to effect behavior. Operations describe what a class is allowed
to do and may be a request or a query. A request may change the state of the object but a query should not.
See 3.5.

3.1.158 partial pathway: The set of logical links participating in a connection request that have not yet
conveyed a connection response. See 4.1.11.

3.1.159 pathway: A set of logical links between a SAS initiator phy and a SAS target phy being used by a
connection (see 3.1.37). See 4.1.11.
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@ Author: RElliott
Subject: Highlight
Date: 5/26/2008 7:23:42 PM
IT‘ACCEPT - DONE

classes (see 3.1.29)
s/b
classes (see 3.1.28)

Author: Isi-gpenokie

Subject: Highlight

Date: 5/17/2008 2:10:07 PM

IT‘ACCEPT - DONE (rewritten based on sam4r14 definition: "When referring to SAS devices (see 3.1.195), a relationship between
two SAS devices, and the SAS initiator port and the SAS target port objects within those SAS devices. When referring to SCSI
devices (see 3.1.214), a relationship between two SCSI devices, and the SCSI initiator port and the SCSI target port objects within
those SCSI devices. See SAM-4.")

This is not a good definition for nexus. How about << When referring to SAS devices, a relationship between SAS ports. When
referring to SCSI devices, a relationship between a SCSI ports that may extend to a logical unit and a command.

/0 Author: wdc-mevans
Subject: Highlight
Date: 5/6/2008 4:07:48 PM
TACCEPT - DONE

Global

task

s/b

command

[as based on the most recent changes in SAM-4]

Author: RElliott

/' Subject: Highlight
Date: 5/26/2008 7:24:31 PM
IT‘ACCEPT - DONE

classes (see 3.1.29)
s/b
classes (see 3.1.28)
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3.1.160 pathway blocked count: The number of times the port has retried this connection request due to
receiving OPEN_REJECT (PATHWAY BLOCKED), OPEN_REJECT (RESERVED STOP 0), or
OPEN_REJECT (RESERVED STOP 1).

3.1.161 phy: A object in a device that is used to interface to other devices (e.g., an expander phy (see
3.1.80) or a SAS phy (see 3.1.202)). See 4.1.2.

3.1.162 phy identifier: The value by which a phy is identified within a device. See 4.2.8.

3.1.163 phy reset sequence: An OOB sequence (see 3.1.155) followed by a speed negotiation segénce
(see 3.1.248). See 4.4.

3.1.164 physical link: Two differential signal pairs, one pair in each direction, that conng<t two physical phys
(see 3.1.166). See 4.1.2.

3.1.165 physical link rate: A link rate between two physical phys establishz
negotiation between those phys.

d as a result of speed

3.1.166 physical phy: A phy (see 3.1.161) that contains a trang
interfaces to a physical link to communicate with another phy

Ceiver (see 3.1.281) and electrically
slcal phy. See 4.1.2.

3.1.167 port: A SAS port (see 3.1.204) or an expangér port (see 3.1.81). Each port contains one or more
phys (see 3.1.161). See 4.1.4.

3.1.168 port identifier: The value by whizf a port is identified within a domain. See 4.2.7.
3.1.169 port name: A worldwide pfique name for a port within a transport protocol. See 4.2.6.

3.1.170 potential pathway A set of logical links between a SAS initiator phy and a SAS target phy. See
4.1.11.
3.1.171 power o< Power being applied.

3.1.172 ppiitive: A dword containing a 7Ch or BCh control byte followed by three data bytes, or a K28.3 or
K28.5 zontrol character with correct disparity followed by three data characters with correct disparity. See 7.2.

.1.173 primitive sequence: A set of primitives treated as a single entity. See 7.2.4.

3.1.174 probe point: Physical position in a test load where signal characteristics for compliance points are
measured See 5.3.2.

3.1.175 programmed maximum physical link rate: The maximum operational physical link rate of a phy
(e.g., as programmed via the SMP PHY CONTROL function (see 10.4.3.28) or the Phy Control and Discover
mode page (see 10.2.7.5)).

3.1.176 programmed minimum physical link rate: The minimum operational physical link rate of a phy
(e.g., as programmed via the SMP PHY CONTROL function (see 10.4.3.28) or the Phy Control and Discover
mode page (see 10.2.7.5)).

3.1.177 protocol: Either SSP (see 3.1.232), SMP (see 3.1.231), or STP (see 3.1.229).

3.1.178 rate: Data transfer rate of a physical or logical link (e.g., 1.5 Gbps, 3 Gbps, or 6 Gbps).

3.1.179 rate change delay time (RCDT): The time between rates during the speed negotiation sequence
(see 6.7.4.2).
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Page: 14

Author: hpg-relliott
/ Subject: Note
Date: 5/17/2008 2:12:16 PM
( JACCEPT - DONE (5/5 WG: Mark Evans does want this changed. The "may" level is appropriate.

A

Worded as: "For a phy that supports being attached to SATA phy, a dword containing a 7Ch or BCh control byte followed by three
data bytes, or a K28.3 or K28.5 control character with correct disparity followed by three data characters with correct disparity. For
a phy that does not support being attached to SATA phy, a dword containing a BCh control byte followed by three data bytes, or a
K28.5 control character with correct disparity followed by three data characters with correct disparity.")

An end device that does not support being attached to SATA (e.g., a SAS disk drive) should be allowed to consider K28.3 based
dwords as not being primitives, and thus treat them as illegal dwords.

Add this somewhere:

An end device that does not support STP or SATA may consider a dword containing 7Ch control byte or K28.3 control character as
an invalid dword.
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3.1.180 read data: Data transferred to the SCSI application client’s data-in buffer from the SCSI device
Server, as Egassieu oy tie oend pata-in transport protocol service (see 10.Z.L.0J.

3.1.181 receiver circuit: An electronic circuit that converts an analog serial input signal to a logic signal.

3.1.182 receiver device (Rx): The device downstream from an IR or CR compliance point &
portion of the physical link and a receiver circuit (see 3.1.181).

antaining a

3.1.183 reference receiver device: A set of parameters defining electrical performance characteristics that
provide a set of minimum electrical performance requirements for a receiver device and that are also used in
mathematical modeling to determine compliance of a TXRx connection or transmitter device. See 5.3.7.4.3.

3.1.184 reference transmitter device: A set of parameters defining electrical performance characteristics of
a transmitter device that are used in mathematical modeling to determine compliance of a TxRx connection.
See 5.3.6.5.4.

3.1.185 reference transmitter test load: A set of S-parameters defining the electrical characteristics of a
TxRx connection used as the basis for transmitter device and receiver device performance evaluation through
mathematical modeling. See 5.3.2.5.

3.1.186 reflection coefficient (p): The ratio of reflected voltage to incident voltage.

3.1.187 request: Information passed from a higher layer state machine to a lower layer state machiz<;
usually to initiate some action. See 3.6.

usually in response to an indication (see 3.1.109). See 3.6.

3.1.190 return loss: The ratio, usually expressed in dB,-0f incident power to reflected power. The dB
magnitude of S;; or Sy, is the negative of return loss in dB. See B.9.

3.1.191 rise time: The time interval for the rising signal edge to transit between specified percgntages of the
signal amplitude. In this standard, the measurement points are the 20 % and 80 % voltage |zVels. Also see fall
time (see 3.1.88).

3.1.192 role: When referring to classes (see 3.1.29) and objects (see 3.1.152), 4 label at the end of an
association (see 3.1.11) or aggregation (see 3.1.9) that defines a relationship to the class on the othe#Side of
the association or aggregation. See 3.5.

3.1.193 route table optimization: A configuration subprocess (see 3.1.35) algorithm t#at reduces the
number of entries required in an expander route table (see 3.1.84) in an externallyzonfigurable expander
device (see 3.1.86). See 4.8.3.

3.1.194 run length: Number of consecutive identical bits in the trans#itted signal (e.g., the pattern
0011111010 includes the following run lengths: five 1s, one 0, ongA, and indeterminate run lengths of Os g%
the start and end).

3.1.195 running disparity (RD): A binary parameterith a negative (-) or positive (+) value ing:
cumulative encoded signal imbalance between thzone and zero signal state of all characterg’Since dword
synchronization has been achieved. See 6.2.

3.1.196 SAS address: A worldwide unigue NAA IEEE Registered foreracidentifier oésigned to a SAS port
(see 3.1.204) or expander device (see 3.1.77). See 4.2.2.

3.1.197 SAS device: A SAS initiator device, SAS target device, or SAS target/initiator device.
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Page: 15

——@ Author: wdc-mevans
Subject: Highlight
Date: 5/17/2008 2:14:39 PM
T REJECT

server, as
s/b
server as

\‘ Author: elx-bmartin

Subject: Highlight
Date: 6/3/2008 6:37:40 PM

IT‘ACCEPT - DONE (see reply to comment on transmitter device (Tx) definition)

IR or CR compliance point

There is no definition of these points. They are mentioned in the text but only as points with no textual description that | can find.

Author: Isi-gpenokie
Subject: Highlight
Date: 5/6/2008 4:07:48 PM

T REJECT (See response to "insertion loss" comment)

Is there any case in this standard when it is expressed in something other than dB? | think not so the << usually >> term should be
deleted.

Author: RElliott
Subject: Highlight
Date: 5/26/2008 7:25:24 PM

IT‘ACCEPT - DONE

classes (see 3.1.29) and objects (see 3.1.152)
s/b

classes (see 3.1.28) or objects (see 3.1.152)

Author: RElliott

Subject: Underline

Date: 6/5/2008 5:56:16 PM
IT‘ACCEPT - DONE

See 6.2.
point to new RD section
Author: RElliott
Subject: Highlight

Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

A worldwide unique NAA IEEE Registered format identifier
s/b

An identifier

to allow for NAA Locally Administered (see comment in 4.2.2)

_—@ Author: RElliott
Subject: Highlight
Date: 5/5/2008 12:19:27 AM
IT‘ACCEPT - DONE

Comments from page 15 continued on next page
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3.1.180 read data: Data transferred to the SCSI application client’s data-in buffer from the SCSI device
server, as requested by the Send Data-In transport protocol service (see 10.2.1.6).

3.1.181 receiver circuit: An electronic circuit that converts an analog serial input signal to a logic signal.

3.1.182 receiver device (Rx): The device downstream from an IR or CR compliance point containing a
portion of the physical link and a receiver circuit (see 3.1.181).

3.1.183 reference receiver device: A set of parameters defining electrical performance characteristics that
provide a set of minimum electrical performance requirements for a receiver device and that are also used in
mathematical modeling to determine compliance of a TXRx connection or transmitter device. See 5.3.7.4.3.

3.1.184 reference transmitter device: A set of parameters defining electrical performance characteristics of
a transmitter device that are used in mathematical modeling to determine compliance of a TxRx connection.
See 5.3.6.5.4.

3.1.185 reference transmitter test load: A set of S-parameters defining the electrical characteristics of a
TxRx connection used as the basis for transmitter device and receiver device performance evaluation through
mathematical modeling. See 5.3.2.5.

3.1.186 reflection coefficient (p): The ratio of reflected voltage to incident voltage.

3.1.187 request: Information passed from a higher layer state machine to a lower layer state machine,
usually to initiate some action. See 3.6.

3.1.188 reset event: An event that triggers a hard reset (see 4.4.2) in a SAS device.

3.1.189 response: Information passed from a higher layer state machine to a lower layer state machine,
usually in response to an indication (see 3.1.109). See 3.6.

3.1.190 return loss: The ratio, usually expressed in dB, of incident power to reflected power. The dB
magnitude of S;; or Sy, is the negative of return loss in dB. See B.9.

3.1.191 rise time: The time interval for the rising signal edge to transit between specified percentages of the
signal amplitude. In this standard, the measurement points are the 20 % and 80 % voltage levels. Also see fall
time (see 3.1.88).

3.1.192 role: When referring to classes (see 3.1.29) and objects (see 3.1.152), a label at the end of an
association (see 3.1.11) or aggregation (see 3.1.9) that defines a relationship to the class on the other sifle of
the association or aggregation. See 3.5.

3.1.193 route table optimization: A configuration subprocess (see 3.1.35) algorithm that reduces the
number of entries required in an expander route table (see 3.1.84) in an externally configurable expan/ier
device (see 3.1.86). See 4.8.3.

3.1.194 run length: Number of consecutive identical bits in the transmitted signal (e.g., the pattern
0011111010 includes the following run lengths: five 1s, one 0, one 1, and indeterminate run lengths {f Os at
the start and end).
3.1.195 running disparity (RD): A binary parameter with a negative (-) or positive (+) value indiciiting the
cumulative encoded signal imbalance between the one and zero signal state of all characters singe dword
synchronization has been achieved. See 6.2.

3.1.196 SAS address: A worldwide uniqgue NAA IEEE Registered format identifier assigned to i SAS port
(see 3.1.204) or expander device (see 3.1.77). See 4.2.2.

3.1.197 SAS device: A SAS initiator device, SAS target device, or SAS target/initiator device.
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See 4.2.2.

needs to allow for NAA Locally Assigned (see comment in 4.2.2)

Author: Isi-gpenokie

Subject: Highlight
Date: 5/25/2008 4:51:26 PM

TACCEPT - DONE (changed to "A SAS initiator device and/or a SAS target device.")

There should be no such thing as a << SAS target/initiator device >> delete it here and everywhere else where it appears.
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3.1.198 SAS domain: The I/O system defined by this standard that may serve as a SCSI domain. See 4.1.9.

3.1.199 SAS initiator device: A device containing SSP, STP, and/or SMP initiator ports in a SAS domain.
See 4.1.6.

3.1.200 SAS initiator phy: A logical phy (see 3.1.133) in a SAS initiator device.

3.1.201 SAS initiator port: An SSP initiator port (see 3.1.254), STP initiator port (see 3.1.262), and/gt-3MP
initiator port (see 3.1.240) in a SAS domain.

3.1.202 SAS phy: A phy in a SAS device that interfaces to a service delivery subsystepr{see 3.1.233).
3.1.203 SAS logical phy: A SAS phy (see 3.1.202) or a multiplexed portion gid SAS phy. See 4.1.2.

3.1.204 SAS port: A SAS initiator port (see 3.1.201), SAS target port
port (see 3.1.209).

See 3.1.207), or SAS target/initiator

3.1.205 SAS target device: A device containing SSP, STP, and/or SMP target ports in a SAS domain. See
4.1.6.

3.1.206 SAS target phy: A logical phy (see 3.1.133) in a SAS target device.

3.1.207 SAS target port: An SSP target port (see 3.1.258), STP target port (see 3.1.267), and/or SMP target
port (see 3.1.244) in a SAS domain.

3.1.210 SATA device: An AT2=<evice that contains a SATA device port in an ATA domain (analogous to a
SCSI target device):

3.1.211 SATA device port: An ATA device object that interfaces to-=—=ervice delivery subsystem (see
3.1.233) with SATA. Analogous to a SCSI target port.

3.1.212 SATA host: An ATA host that contains a SATA host port in an ATA domain (analogous to a SCSI
initiator device).

3.1.213 SATA host port: An ATA host object that interfaces to a service delivery subsystem (see 3.1.233)
with SATA. Analogous to a SCSI initiator port. ——==1

3.1.214 SATA phy: A phy in a SATA device or SATA port selector
subsystem (see 3.1.233). Analogous to a SAS phy.

tRat interfaces to a service tens

3.1.215 SATA port selector: A device that attaches to two SATA host ports (i.e., two ATASamains) and one
SATA device port, and provides the means for one SATA host to access the device at any given Thive
SATA-2).

3.1.216 saturating counter: A counter that remains at its maximum value after reaching its maximum value.

3.1.217 scrambling: Modifying data by XORing each bit with a pattern generated by a linear feedback shift
register to minimize repetitive character patterns. See 7.6.

3.1.218 SCSI device: A device that contains one or more SCSI ports that are connected to a service delivery
subsystem (see 3.1.233) and supports a SCSI application protocol. See SAM-4.
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Author: Isi-gpenokie

Subject: Highlight

Date: 5/25/2008 4:52:07 PM
IT‘ACCEPT - DONE (using "and/or")

This << port (see 3.1.201), SAS target port >> should be << port (see 3.1.201) or SAS target port >>

Author: Isi-gpenokie

/ Subject: Highlight
Date: 5/25/2008 4:51:53 PM
IT‘ACCEPT - DONE (using "and/or")

There should be no such thing as a << SAS target/initiator port >> delete it here and everywhere else where it appears.

Author: Isi-gpenokie
Subject: Cross-Out
Date: 5/25/2008 4:52:20 PM

ACCEPT - DONE
There should be no such thing

Author: Isi-gpenokie
Subject: Cross-Out
Date: 5/25/2008 4:52:26 PM

ACCEPT - DONE
There should be no such thing

@ Author: RElliott
Subject: Highlight
Date: 5/25/2008 5:22:07 PM
ACCEPT - DONE
SCSI target device
s/b
SAS target device

——@ Author: RElliott
Subject: Highlight
Date: 5/25/2008 5:21:21 PM
ACCEPT - DONE
SCSI target port
s/b

SAS target port

@ Author: RElliott
Subject: Highlight
Date: 5/25/2008 5:20:48 PM
ACCEPT - DONE

SCSl initiator device
s/b
SAS initiator device

@ Author: Isi-gpenokie
Subject: Highlight
Date: 5/25/2008 5:18:13 PM
[ ACCEPT - DONE (globally)

You have to ways of stating this, one in ()s and the other in a sentence. Change all ()s to sentences so there read << SATA.
Analogous to a SCSI thing. >>.

e Author RENoR

Subject: Note
Date: 5/25/2008 5:21:05 PM

Comments from page 16 continued on next page
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3.1.198 SAS domain: The I/O system defined by this standard that may serve as a SCSI domain. See 4.1.9.

3.1.199 SAS initiator device: A device containing SSP, STP, and/or SMP initiator ports in a SAS domain.
See 4.1.6.

3.1.200 SAS initiator phy: A logical phy (see 3.1.133) in a SAS initiator device.

3.1.201 SAS initiator port: An SSP initiator port (see 3.1.254), STP initiator port (see 3.1.262), and/or SMP
initiator port (see 3.1.240) in a SAS domain.

3.1.202 SAS phy: A phy in a SAS device that interfaces to a service delivery subsystem (see 3.1.233).
3.1.203 SAS logical phy: A SAS phy (see 3.1.202) or a multiplexed portion of a SAS phy. See 4.1.2.

3.1.204 SAS port: A SAS initiator port (see 3.1.201), SAS target port (see 3.1.207), or SAS target/initiator
port (see 3.1.209).

3.1.205 SAS target device: A device containing SSP, STP, and/or SMP target ports in a SAS domain. See
4.1.6.

3.1.206 SAS target phy: A logical phy (see 3.1.133) in a SAS target device.

3.1.207 SAS target port: An SSP target port (see 3.1.258), STP target port (see 3.1.267), and/or SMP target
port (see 3.1.244) in a SAS domain.

3.1.210 SATA device: An ATA device that contains a SATA device port in an ATA domain (analogous to a
SCSI target device).

3.1.211 SATA device port: An ATA device object that interfaces to a service delivery subsystem (see
3.1.233) with SATA. Analogous to a SCSI target port.

3.1.212 SATA host: An ATA host that contains a SATA host port in an ATA domain (analogous to a SCSI
initiator device).

3.1.213 SATA host port: An ATA host object that interfaces to a service delivery subsystem (see 3.1.233)
with SATA. Analogous to a SCSI initiator port. @

3.1.214 SATA phy: A phy in a SATA device or SATA port selector that interfaces to a service delivery
subsystem (see 3.1.233). Analogous to a SAS phy.

3.1.215 SATA port selector: A device that attaches to two SATA host ports (i.e., two ATA domains) and one
SATA device port, and provides the means for one SATA host to access the device at any given time (see
SATA-2).

3.1.216 saturating counter: A counter that remains at its maximum value after reaching its maximum value.

3.1.217 scrambling: Modifying data by XORing each bit with a pattern generated by a linear feedback shift
register to minimize repetitive character patterns. See 7.6.

3.1.218 SCSI device: A device that contains one or more SCSI ports that are connected to a service delivery
subsystem (see 3.1.233) and supports a SCSI application protocol. See SAM-4.
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7~ SCSl initiator port
s/b
SAS initiator port
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3.1.219 SCSI domain: An I/O system consisting of a set of SCSI devices that communicate with one another
by means of a service delivery subsystem (see 3.1.233). See SAM-4.

3.1.220 SCSil initiator device: A SCSI device containing SCSI application clients and SCSI initiator ports
that originates device service and task management requests to be processed by a SCSI target device and
receives device service and task management responses from SCSI target devices. See SAM-4.

3.1.221 SCSil initiator port: A SCSI initiator device object that acts as the connection between SCSI
application clients and a service delivery subsystem (see 3.1.233) through which indications and responses
are routed. See SAM-4.

3.1.222 SCSI port: A SCSI initiator port, SCSI target port, or SCSI target/initiator port. SecSAV—=

3.1.223 SCSil target device: A SCSI device containing logical units and SCSI target ports that receives
device service and task management requests for processing and sends device service and task
management responses to SCSI initiator devices. See SAM-4.

3.1.224 SCSl target port: A SCSI target device object that contains a task router and acts as the connection
between SCSI device servers and task managers and a service delivery subsystem (see 3.1.233) through
which requests and confirmations are routed. See SAM-4,

3.1.227 self-configuring expander device: An expander device (see 3.1.77) containing an SMP initiator
port and a management application client to perform the discover process (see 3.1.62) to configure its own

expander route table (see 3.1.84). See 4.7.2.

3.1.228 Serial ATA (SATA): The protocol defined by SATA-2 (see 2.3).

3.1.229 Serial ATA Tunneled Protocol (STP): The protocol defined in this stangdard usea s« STP initiator
ports (see 3.1.262) to communicate with STP target ports (see 3.1.267) in a SAS ddwain. See 7.17

o

3.1.230 Serial Attached SCSI (SAS): The set of protocols and the interconnect defined bythis standard.

3.1.231 Serial Management Protocol (SMP): The protocol defined in this standard used by SMR\itiator
ports (see 3.1.240) to communicate with SMP target ports (see 3.1.244) in a SAS domain. See 7.18 ax

3.1.232 Serial SCSI Protocol (SSP): The protocol defined in this standard used by SSP initiator ports (see
3.1.254) to communicate with SSP target ports (see 3.1.258) in a SAS domain. See 7.16 and 9.2.

3.1.233 service delivery subsystem: The part of a SCSI I/O system that transmits information between a
SCSil initiator port and a SCSI target port, or the part of an ATA 1/O system that transmits information between
an ATA host and an ATA device, or the part of a SAS I/O system that transmits information between a SAS
initiator port and a SAS target port.

3.1.235 signal amplitude: A property of the overall signal (see 3.1.234) that describes the peak or
peak-to-peak values of the signal level (see 3.1.236).

3.1.236 signal level: The instantaneous intensity of a signal (see 3.1.234) measured in volts.
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Page: 17

Author: RElliott
/ Subject: Highlight
Date: 5/25/2008 5:26:20 PM
ACCEPT - DONE
indications and responses
s/b

requests and confirmations

since right now, SAM-4 does not define indications and responses on the initiator side (it does so only on the target side). This
matches the SAM-4 post-letter ballot definition.

—@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

A SCSil initiator port, SCSI target port, or SCSI target/initiator port.
s/b
A SCSil initiator port and/or a SCSI target port.

since SAM-4 got rid of "SCSI target/initiator port"

Author: Isi-gpenokie

Subject: Highlight

Date: 5/25/2008 5:24:42 PM
ACCEPT - DONE

Author: Isi-gpenokie

Subject: Cross-Out

Date: 5/25/2008 4:53:10 PM
ACCEPT - DONE

There is no such thing.

\ This should be << through which requests, indications, responses, and confirmations are routed. >>

Author: Isi-gpenokie
Subject: Cross-Out

Date: 5/25/2008 4:53:16 PM
%ACCEPT - DONE

There is not such thing.

\‘ Author: elx-bmartin

Subject: Highlight
Date: 5/6/2008 4:07:48 PM
IT‘ACCEPT - DONE (changed 2.3 to 2.4, but kept in parenthesis)

(see 2.3).

s.b.

See 24
\ Author: intc-mseidel

Subject: Highlight
Date: 5/6/2008 4:07:48 PM
IT‘ACCEPT - DONE

The listing of "SATA-2" is in 2.4, not 2.3.

@ Author: elx-bmartin

Comments from page 17 continued on next page
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3.1.219 SCSI domain: An I/O system consisting of a set of SCSI devices that communicate with one another
by means of a service delivery subsystem (see 3.1.233). See SAM-4.

3.1.220 SCSil initiator device: A SCSI device containing SCSI application clients and SCSI initiator ports
that originates device service and task management requests to be processed by a SCSI target device and
receives device service and task management responses from SCSI target devices. See SAM-4.

3.1.221 SCSil initiator port: A SCSI initiator device object that acts as the connection between SCSI
application clients and a service delivery subsystem (see 3.1.233) through which indications and responses
are routed. See SAM-4.

3.1.222 SCSI port: A SCSI initiator port, SCSI target port, or SCSI target/initiator port. See SAM-4.

3.1.223 SCSil target device: A SCSI device containing logical units and SCSI target ports that receives
device service and task management requests for processing and sends device service and task
management responses to SCSI initiator devices. See SAM-4.

3.1.224 SCSl target port: A SCSI target device object that contains a task router and acts as the connection
between SCSI device servers and task managers and a service delivery subsystem (see 3.1.233) through
which requests and confirmations are routed. See SAM-4,

expander route table (see 3.1.84). See 4.7.2.

3.1.228 Serial ATA (SATA): The protocol defined by SATA-2 (see 2.3).

3.1.231 Serial Management Protocol (SMP): The protocol defined in this standa/d used by AMP initiator
ports (see 3.1.240) to communicate with SMP target ports (see 3.1.244) in a SA¥ domain. $ee 7.18 and 9.4.

3.1.232 Serial SCSI Protocol (SSP): The protocol defined in this standard ysed by SS2 initiator ports (see
3.1.254) to communicate with SSP target ports (see 3.1.258) in a SAS domAin. See 7/16 and 9.2.

3.1.233 service delivery subsystem: The part of a SCSI I/O system tf/at transn/ts information between a
SCSil initiator port and a SCSI target port, or the part of an ATA 1/O sys/em that y7ansmits information between
an ATA host and an ATA device, or the part of a SAS I/O system tha/transmii4 information between a SAS
initiator port and a SAS target port.

3.1.235 signal amplitude: A property of the overall signal {see 3.1/234) that describes the peak or
peak-to-peak values of the signal level (see 3.1.236).

3.1.236 signal level: The instantaneous intensity of a signal (see 3.1.234) measured in volts.
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Subject: Cross-Out
Date: 6/9/2008 2:34:14 PM
,?ACCEPT - DONE (This definition came from FC-PI. Preface with "When referring to the physical layer, ..." to avoid confusion with

other meanings.

Use the first of these from http://www.atis.org/glossary/, the ANSI T1 glossary (changing "can be" to "is"):

signal: 1. Detectable transmitted energy that can be used to carry information. 2. A time-dependent variation of a characteristic of a
physical phenomenon, used to convey information. 3. As applied to electronics, any transmitted electrical impulse. [JP1] 4.
Operationally, a type of message, the text of which consists of one or more letters, words, characters, signal flags, visual displays,
or special sounds, with prearranged meaning and which is conveyed or transmitted by visual, acoustical, or electrical means. [JP1]

)

3.1.234 signal: The entire voltage waveform during transmission.

The term signal is used in its normal dictionary definition as well as this narrow definition. | would suggest deleting this definition as
the meaning of signal is well understood in context where it is used or possibly replace it with transmission signal.

Author: elx-bmartin

Subject: Highlight

Date: 6/9/2008 2:52:34 PM

T REJECT (see "signal" response)

signal

see comment on 3.1.234

Author: elx-bmartin

Subject: Highlight

Date: 6/9/2008 2:52:40 PM

T REJECT (see "signal" response)

signal

see comment on 3.1.234
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3.1.237 signal time: The time of an OOB signal (see 3.1.156), consisting of six burst times (see 3.1.24), six
idle times (see 3.1.108), and one negation time (see 3.1.147). See 6.6.

3.1.238 signal tolerance: The ability of the receiver device to recover transmitted bits in an incoming data
stream with maximum jitter and minimum amplitude. See MJSQ.

3.1.239 SMP initiator phy: A SAS initiator phy (see 3.1.200) in an SMP initiator port (see 3.1.240).

3.1.240 SMP initiator port: A SAS initiator device object in a SAS domain that interfaces to a service
delivery subsystem with SMP.

3.1.241 SMP phy: A SAS logical phy (see 3.1.203) in an SMP port.

3.1.242 SMP port: An SMP initiator port (see 3.1.240), SMP target port (see 3.1.244), er-SMP-targetfinitiator

3.1.243 SMP target phy: A SAS target phy (see 3.1.206) in an SMP target port (see 3.1.244).

3.1.244 SMP target port: A SAS target device object in a SAS domain that interfaces to a service delivery
subsystem (see 3.1.233) with SMP.

3.1.246 SMP zone configuration function: An SMP function that configures zoning #xpander shadow
values (see 3.1.307) and is only accepted by a locked zoning expander device (se£ 3.1.130). See 4.9.6.3.

3.1.247 speed negotiation lock time (SNLT): The maximum time duringdn SNW (see 3.1.250) for a
transmitter to reply with ALIGN (1) (see 6.7.4.2).

3.1.248 speed negotiation sequence: A sequence in which
rate. See 6.7.2.2 and 6.7.4.2.

%0 phys negotiate the operational physical link
3.1.249 speed negotiation transmit time (SNTT): “The time during which ALIGN (0) or ALIGN (1) is
transmitted during the speed negotiation sequence (see 6.7.4.2).

3.1.250 speed negotiation window (SNW): A portion of the SAS speed negotiation sequence (see
3.1.248). See 6.7.4.2.3.

3.1.251 speed negotiation window time (SNWT): The duration of an SNW (see 3.1.251). See 6.7.4.2.3.
3.1.252 spread spectrum clocking (SSC): The technique of modulating the operating frequency of a
transmitted signal (i.e., the physical link rate) to reduce the measured peak amplitude of radiated emissions.
See 5.3.8.

3.1.253 SSP initiator phy: A SAS initiator phy (see 3.1.200) in an SSP initiator port (see 3.1.254).

3.1.254 SSP initiator port: A SCSI initiator port in a SAS domain that implements SSP.

3.1.255 SSP phy: A SAS logical phy (see 3.1.203) in an SSP port.

3.1.256 SSP port: An SSP initiator port (see 3.1.254), SSP target port (see 3.1.258), erSSP-targetfinitiator

3.1.257 SSP target phy: A SAS target phy (see 3.1.206) in an SSP target port (see 3.1.258).

3.1.258 SSP target port: A SCSI target port in a SAS domain that implements SSP.
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Author: Isi-gpenokie

Subject: Cross-Out

Date: 5/25/2008 4:53:58 PM

?ACCEPT - DONE (you mean "should be no such thing." Used "and/or" instead)

There is no such thing as a << SMP target/initiator port >>

Author: Isi-gpenokie

Subject: Cross-Out

Date: 5/25/2008 4:54:09 PM

,?ACCEPT - DONE (you mean "should be no such thing.")

The is no such thing.

Author: intc-mseidel
Subject: Highlight

Date: 5/25/2008 4:56:32 PM
TACCEPT - DONE

The definition for SNTT does not conform to that in Table 95. Table 95 is correct.

Author: Isi-gpenokie

Subject: Cross-Out

Date: 5/25/2008 4:56:47 PM

%ACCEPT - DONE (you mean "should be no such thing." Use "and/or" instead)

This should be deleted as there is not such thing.
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3.1.260 state machine variable: A variable that exists within the context of a state machine that may log
status determined in one state that is used in another state of the same state machine affecting subsequent
state transitions or state machine outputs.

3.1.261 STP initiator phy: A SAS initiator phy (see 3.1.200) in an STP initiator port (see 3.1.262).

3.1.262 STP initiator port: A SAS initiator device object in a SAS domain that interfaces to a service delivery
subsystem (see 3.1.233) with STP.

3.1.263 STP phy: A SAS logical phy (see 3.1.203) in an STP port.

3.1.264 STP port: An STP initiator port (see 3.1.262), STP target port (see 3.1.267),-er-STPtargethnitiator __——

3.1.265 STP primitive: A primitive used only inside STP connections and on SATA physical links. See 7.2.2.

3.1.266 STP target phy: A SAS target phy (see 3.1.206) in an STP target port (see 3.1.267).

3.1.267 STP target port: A SAS target device object in a SAS domain that interfaces to a service delivery
subsystem (see 3.1.233) with STP.

3.1.269 STP/SATA bridge: An expander device object containing an STP target port, a SATA host port, and
the functions required to forward information between the STP target port and SATA host port to enable STP
initiator ports in a SAS domain to communicate with SATA devices in an ATA domain.

3.1.270 subtractive routing attribute: The attribute of an expander phy that indicates it #fiay be used by the
ECM (see 3.1.75) to route connection requests to an attached expander device that were not resolved using
the direct routing method or table routing method. See 4.6.7.1.

3.1.271 subtractive routing method: The method the ECM (see 3.1.75) uses to route connection requests
not resolved using the direct routing method or table routing method to an attached expander device (see
3.1.77). See 4.6.7.1.

3.1.272 symbol: The smallest unit of data transmission on a physical link (i.e., a bit). A symbol rzpresents a
single transition if the maximum transition rate (i.e., a 0101b pattern) is occurring.

3.1.273 table routing attribute: The attribute of an expander phy that indicates it ray be used by the ECM
(see 3.1.75) to route connection requests using an expander route table (see 3.1.84). See 4.6.7.1.

3.1.274 table routing method: The method the ECM (see 3.1.75) uses to route connection requests to an
attached expander device (see 3.1.77) using an expander route table (see 3.1.84). See 4.6.7.1.

3.1.276 task management function: A task manager service capable of being requested by a SCSI
application client to affect the processing of one or more tasks. See SAM-4.

3.1.277 task manager: An object within a SCSI target device that controls the sequencing of SCSI
commands and processes SCSI task management functions. See SAM-4.

3.1.278 training: The process of adapting equalization circuitry in a receiver device to an incoming pattern.
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\‘ Author: Isi-gpenokie

Subject: Cross-Out
Date: 5/25/2008 4:56:59 PM
?ACCEPT - DONE (you mean "should be no such thing.")

This should be deleted as there is no such thing.

\‘ Author: Isi-gpenokie

Subject: Highlight
Date: 5/25/2008 4:58:22 PM
ACCEPT - DONE

This should be << state machine that may contain
status from one state that is used in another state

—@ Author: Isi-gpenokie
Subject: Cross-Out
Date: 5/25/2008 4:58:34 PM
$ACCEPT - DONE (you mean "should be no such thing." Use "and/or" instead)

No such thing exists.

/. Author: Isi-gpenokie
Subject: Cross-Out
Date: 5/25/2008 4:58:47 PM
%ACCEPT - DONE

There should be no such thing.

/. Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 4:58:59 PM
IT‘ACCEPT - DONE (that the expander phy)

it
s/b
that the phy

/. Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 4:59:12 PM
IT‘ACCEPT - DONE (that the expander phy)

it
s/b
that the phy

Author: relliott
Subject: Cross-Out
Date: 5/6/2008 4:07:48 PM

?ACCEPT - DONE (and changed "task" to "command" throughout, where appropriate)

3.1.275 task: An object within the logical unit representing the work associated with a command. See SAM-4.
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3.1.279 training lock time (TLT): The maximum time during Train-SNW for a receiver to complete training
(see 3.1.278) and transmit TRAIN_DONE patterns instead of TRAIN patterns (see 6.7.4.2.3.4). \

3.1.280 Train-SNW window time (TWT): The actual duration of Train-SNW (see 6.7.4.2.3.4).

3.1.281 transceiver: A physical entity that contains both a transmitter device (see 3.1.284) and a receiver
device (see 3.1.182).

3.1.282 transmitter circuit: An electronic circuit that converts a logic signal to an analog serial output signal.
3.1.283 transmitter compliance transfer function (TCTF): The mathematical statement of the transfer

function through which the transmitter shall be capable of producing acceptable signals as defined by a
receive mask. See 5.3.6.1.

3.1.284 transmitter device (Tx): The device upstream from an IT or CT compliance point €dntaining a
portion of the physical link and a transmitter circuit (see 3.1.282).

3.1.285 transport protocol service confirmation: Information passed from the transport fyer to the
applicatiorayer (i.e., from the SSP initiator port to the SCSI application client) that notifies the asglication
layer that a SCSKransport protocol service has completed.

3.1.286 transport protocorservice indication: Information passed from the transport \ayer to the
dnotifying the appisation layer (i.e., from the SSP target port to the SCSI dgvice server) to \

begin a SCSI transport protocol service.

3.1.287 transport protocol service request: Information passed from the SCSI application layer to the SSP
transport layer (i.e., from the SCSI application client to the SCSI initiator port) to begin a SCSI tragsport

protocol service.

3.1.288 transport protocol service response: Information passed from thsqpplication layer to the
transport layer (i.e., from the SCSI device server to the SSP target port) that compiates the SCSI transp®
protocol service.

3.1.289 TxRx connection: The complete simplex signal path between the transmitter circuit (s€&3.1.282)
and receiver circuit (see 3.1.181). See 5.3.3.

3.1.290 TxRx connection segment: That portion of a TXRx connection (see 3.1.289) delimited by separable
connectors or changes in the conductive material. See 5.3.3.

3.1.291 unit interval (Ul): The normalized, dimensionless, nominal duration of a symbol (see 3.1.272) (e.g.,
666.6 ps at 1.5 Gbps, 333.3 ps at 3 Gbps, and 166.6 ps at 6 Gbps). The Ul is the reciprocal of the baud rate
(i.e., Ul =1/ fy,,q)(see 3.1.18).

3.1.292 valid character: A character that is a control character (see 3.1.43) or a data character (see 3.1.48).

3.1.293 valid dword: A dword that is a data dword (see 3.1.49) or a primitive (see 3.1.172).

3.1.294 virtual phy: A phy (see 3.1.161) that interfaces with a vendor-specific interface to another virtual phy
inside the same device. See 4.1.2.

3.1.295 voltage modulation amplitude (VMA): The difference in electrical voltage of a signal (see 3.1.234)
between the stable one level and the stable zero level.

3.1.296 wide link: A group of physical links that attaches a wide port to another wide port. See 4.1.4.

3.1.297 wide port: A port that contains more than one phy. See 4.1.4.
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————@ Author: relliott
Subject: Highlight
Date: 5/6/2008 4:07:48 PM
TACCEPT - DONE

(see 6.7.4.2.3.4).
move earlier in the sentence

/0 Author: elx-bmartin
Subject: Highlight
Date: 6/3/2008 6:37:04 PM
IT‘ACCEPT - DONE (added four entries to the acronym list:

IR intra-enclosure (i.e., internal) receiver device compliance point (see 5.3.1)

IT intra-enclosure (i.e., internal) transmitter device compliance point (see 5.3.1)
CR inter-enclosure (i.e., cabinet) receiver device compliance point (see 5.3.1)
CT inter-enclosure (i.e., cabinet) transmitter device compliance point (see 5.3.1)

and changed this to "a transmitter device compliance point (see 3.1.xx)" since there's no need to use the acronyms here.

"compliance point" is already a defined term, pointing to 5.3.1.

)

IT or CT compliance point

These are not defined.

Author: elx-bmartin
Subject: Highlight

Date: 5/6/2008 4:07:48 PM
TACCEPT - DONE

transport

s.b.

SSP transport
Author: relliott

Subject: Highlight
Date: 5/6/2008 4:07:48 PM
ACCEPT - DONE

application
s/b
SCSI application

/

Author: relliott

Subject: Highlight

Date: 5/6/2008 4:07:48 PM
ACCEPT - DONE
application
s/b
SCSI application

Author: elx-bmartin
Subject: Comment on Text
Date: 5/6/2008 4:07:48 PM
IT‘ACCEPT - DONE

transport

s.b.
SSP transport

Comments from page 20 continued on next page



T10/1760-D Revision 14 28 January 2008

3.1.279 training lock time (TLT): The maximum time during Train-SNW for a receiver to complete training
(see 3.1.278) and transmit TRAIN_DONE patterns instead of TRAIN patterns (see 6.7.4.2.3.4).

3.1.280 Train-SNW window time (TWT): The actual duration of Train-SNW (see 6.7.4.2.3.4).

3.1.281 transceiver: A physical entity that contains both a transmitter device (see 3.1.284) and a recejy&
device (see 3.1.182).

begin a SCSI transport protocol service.

3.1.287 transport protocol service request: Informatigneassed from the SCSI application layer 20 the SSP
transport layer (i.e., from the SCSI application cli

#1110 the SCSI initiator port) to begin a SCSI tp4nsport
protocol service.

3.1.288 transportsioiocol service response: Information passed from the application fayer to the
transport tayer (i.e., from the SCSI device server to the SSP target port) that completes the SCSI transport
protocol service.

3.1.289 TxRx connection: The complete simplex signal path between the transmitter circuit (see 3.1.282)
and receiver circuit (see 3.1.181). See 5.3.3.

3.1.290 TxRx connection segment: That portion of a TXRx connection (see 3.1.289) delimited by separable
connectors or changes in the conductive material. See 5.3.3.

3.1.291 unit interval (Ul): The normalized, dimensionless, nominal duration of a symbol (see 3.1.272) (e.g.,
666.6 ps at 1.5 Gbps, 333.3 ps at 3 Gbps, and 166.6 ps at 6 Gbps). The Ul is the reciprocal of the baud rate
(i.e., Ul =1/ fy,,q)(see 3.1.18).

3.1.292 valid character: A character that is a control character (see 3.1.43) or a data character (see 3.1.48).

3.1.293 valid dword: A dword that is a data dword (see 3.1.49) or a primitive (see 3.1.172).

3.1.294 virtual phy: A phy (see 3.1.161) that interfaces with a vendor-specific interface to another virtual phy
inside the same device. See 4.1.2.

3.1.295 voltage modulation amplitude (VMA): The difference in electrical voltage of a signal (see 3.1.234)
between the stable one level and the stable zero level.

3.1.296 wide link: A group of physical links that attaches a wide port to another wide port. See 4.1.4.

3.1.297 wide port: A port that contains more than one phy. See 4.1.4.
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Author: relliott
Subject: Highlight
Date: 5/6/2008 4:07:48 PM

ACCEPT - DONE
application

s/b

SCSI application

/. Author: stx-ghoulder
Subject: Highlight
Date: 5/6/2008 4:07:48 PM
iACCEPT - DONE (also in 3.1.285, 3.1.287, and 3.1.288)

application layer
should this be "SCSI application layer"?

Author: relliott
Subject: Highlight
Date: 5/6/2008 4:07:48 PM

ACCEPT - DONE
application

s/b

SCSI application

Author: elx-bmartin
Subject: Comment on Text
Date: 5/6/2008 4:07:48 PM
IT‘ACCEPT - DONE

transport
s.b.
SSP transport
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3.1.298 wrapping counter: A counter that wraps back to zero after reaching its maximum value.

3.1.299 write data: Data transferred from the SESiammicaton ciient's data-out buffer 10 Ihe SCST uevice
server, as sequested by the Request Data-Out transport protocol service (see 10.2.1.8).

3.1.300 zone group: A set of physin a ZPSDS (see 3.1.303) that all have the same access permission. See
4.9.

3.1.301 zone manager: The entity responsible for configuring a ZPSDS (see 3.1.303). See 4.9.1.

3.1.302 zone permission table: The table that defines access permission between the zone group of a
source phy and the zone group of the destination phy. See 4.9.3.3.

70

==

3.1.303 zoned portion of a service delivery subsystem (ZPSDS): A group of ze#g expander devices
(see 3.1.305) that cooperate to control access between phys. The ZPSE5ay include all or part of a service
delivery subsystem (see 3.1.233). See 4.9.

3.1.304 zoning expander active values:—The active zsre-nermission table (see 3.1.302) and zone phy
information in a zoning expander device (see 3.1.305). See 4.9.6.

3.1.305 zoning expander device: An expander device (see 3.1.77) that supports zoning. See 4.9.
3.1.306 zoning expander phy: An expander phy in a zoning expander device (see 3.1.305).
3.1.307 zoning expander shadow values: The shadow zone permission table (see 3.1.302) and zone phy
information in a zoning expander device, which are changed by SMP zone configuration functions (see

3.1.246) but do not become active until the activate step (see 4.9.6.4) is performed. See 4.9.6.

3.2 Symbols and abbreviations

See 2.1 for abbreviations of standards bodies (e.g., ISO). Units and abbreviations used in this standard:

Abbreviation  Meaning
ATA ssmiication layer (see 10.3)
alternating current

ACK acknowledge primitive (see 7.2.7.1)

AIP arbitration in progress primitive (see 7.2.6.1)

ALT actual lock time (see 3.1.4)

ATA AT attachment (see 3.1.14)

ATAPI AT attachment packet interface

ATA8-AAM AT Attachment - 8 ATA/ATAPI Architecture Model standard (see 2.3)
ATA8-ACS AT Attachment - 8 ATA/ATAPI Command Set standard (see 2.3)
ATT actual training time (see 3.1.5)

AWG American wire gauge

AWT arbitration wait time

BCH Bose, Chaudhuri and Hocquenghem code (see 4.2.3)

BCT bit cell time (see 3.1.20)

BER bit error ratio (see 3.1.21)

BIST built in self test

BPP (BroaacaSHpIOPAGANIONIBIOCESSON (See 3.1.23)

CcDB command descriptor block (see 3.1.31)
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——@ Author: wdc-mevans
Subject: Highlight
Date: 5/17/2008 2:14:52 PM
T REJECT

server, as
s/b
server as

___—@ Author: RElliott
Subject: Highlight
Date: 5/16/2008 11:02:18 AM
IT‘ACCEPT - DONE (global)

zoning expander active values

s/b

zoning expander current values

(global)

to match Isi-bbesmer comment on page i

———@ Author: Isi-bbesmer
Subject: Highlight
Date: 5/16/2008 10:57:33 AM
TACCEPT - DONE

active
s/b
current

(unless global comment to change current to active is accepted)

——@ Author: RElliott
Subject: Note
Date: 5/17/2008 2:16:14 PM
(— ACCEPT - DONE
=
Add:
ACA auto contingent allegiance (see SAM-4)

Author: stx-ghoulder
/' Subject: Highlight
Date: 5/6/2008 4:07:48 PM
ACCEPT - DONE ("Broadcast" is always supposed to be capitalized with mixed case, since it specifically represents both
BROADCAST primitives and ZONED BROADCAST address frames. "broadcast" could be used as a verb. Corrected all instances,
including "broadcast count", "broadcast source zone group", and "broadcast descriptor".)

broadcast propagation processor -- why is the word Broadcast capitalized in all other occurrances of this phrase but not here? |
actually think none should be capitalized unless it is the first word of a sentence.
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Abbreviation
CDF
CDR
CJITPAT

dBm
dBmvVv
D.C.
Dxx.y
DDJ
DFE
DJ

e

ECM
ECR
EMI
EOAF
EOF
ESD
Final-SNW
FIS
Gl

G2

G3

G4
Gbps
Genli
Genlx
Gen2i
Gen2x
GHz
Hz

ISI

JMD
JTF
JTPAT
kHz
KXxx.y
LED
LMS

22

Meaning
cumulative distribution function (see 3.1.44)

N\

clock data recovery (see 3.1 2
corsiant Jitter tolerance pattern (see 3.1.34)
cyclic redundancy check (see 3.1.45)
decibel (see 3.1.51)

decibel milliVolts {see 3.1.52)

direct current (see 3.1.59)

data character (see 3.1.48)

data dependent jitter (see 3.1.116)
decision feedback equalizer (see 3.1.54)
deterministic jitter (see 3.1.117)

2.718 28..., the base of the natural (i.e., hyperbolic) system of logarithms
expander connection manager (see 3.1.75)

expander connection router (see 3.1.76)

electromagnetic interference (see 3.1.68)

end of address frame primitive (see 7.2.6.6)

end of frame primitive (see 7.2.7.4)

electrostatic discharge

final speed negotiation window for 1.5 or 3 Gbps without training (see 6.7.4.2.3.2)
frame information structure (see 3.1.93)

generation 1 physical link rate (1.5 &5&53

generation 2 physical link rate (3 Shns)

generation 4 physical link rate (defined Ims
gigabits per second (109 bits per second)
SATA generation 1 physical link rate (1.5

SATA generation 2 physical link rate (3 Gbps), extended lensth (see SATA-2)
gigahertz (10° cycles per second)
hertz (cycles per second)

intersymbol interference (see 3.1.112)
information unit (see 3.1.110)

jitter measurement device

jitter transfer function (see 5.3.5.2)
jitter tolerance pattern (see 3.1.123)
kilohertz (103 cycles per second)
control character (see 3.1.43)
light-emitting diode

least mean square (see 3.1.124)
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——@ Author: RElliott
Subject: Note
Date: 5/28/2008 12:58:40 PM
( /JACCEPT - DONE

Add:
CRN command reference number (see SAM-4)

since sam4r14 uses that acronym for its protocol services argument

———@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

milliWatts
s/b
milliwatts

per Sl brochure

e Author: REIlott

Subject: Highlight
Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

milliVolts
s/b
millivolts

per Sl brochure

———@ Author: wdc-mevans
Subject: Highlight
Date: 5/17/2008 2:17:52 PM
ACCEPT - DONE

(1.5
s/b
(i.e.,1.5

\. Author: wdc-mevans
Subject: Highlight
Date: 5/17/2008 2:17:56 PM
ACCEPT - DONE

(3
s/b
(i.e., 3

\' Author: wdc-mevans

Subject: Highlight
Date: 5/17/2008 2:18:00 PM
ACCEPT - DONE

(6
s/b
(i.e., 6

\‘ Author: wdc-mevans

Subject: Highlight
Date: 5/17/2008 2:18:37 PM

Comments from page 22 continued on next page
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Abbreviation
CDF
CDR
CJITPAT
CRC

dB

dBm
dBmvVv
D.C.
Dxx.y
DDJ
DFE

DJ

e

ECM
ECR
EMI
EOAF
EOF
ESD
Final-SNW
FIS

Gl

G2

Meaning

cumulative distribution function (see 3.1.44)
clock data recovery (see 3.1.30)

compliant jitter tolerance pattern (see 3.1.34)
cyclic redundancy check (see 3.1.45)
decibel (see 3.1.51)

decibel milliwatts (see 3.1.53)

decibel milliVolts (see 3.1.52)

direct current (see 3.1.59)

data character (see 3.1.48)

data dependent jitter (see 3.1.116)
decision feedback equalizer (see 3.1.54)
deterministic jitter (see 3.1.117)

2.718 28..., the base of the natural (i.e., hyperbolic) system of logarithms
expander connection manager (see 3.1.75)
expander connection router (see 3.1.76)
electromagnetic interference (see 3.1.68)
end of address frame primitive (see 7.2.6.6)
end of frame primitive (see 7.2.7.4)
electrostatic discharge

frame information structure (see 3.1.93)
generation 1 physical link rate (1.5 Gbps)
generation 2 physical link rate (3 Gbps)

SATA generation 2 physicaHimiK rate (3 Gbps), extended length (see SATA-2)
9

gigahertz (10><ycles per second)
hertz (cycles M

intersymbol interference (see 3.1.112)

information unit (see 3.1.110)
jitter measurement device
jitter transfer function (see 5.3.5.2)

jitter tolerance pattern (see 3.1.123)
kilohertz (10°—cycles per second)
control character (see 3.1.43)
light-emitting diode

least mean square (see 3.1.124)
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ACCEPT - DONE
(1.5

s/b

(ie., 1.5

Author: wdc-mevans

Subject: Highlight

Date: 5/17/2008 2:18:41 PM
ACCEPT - DONE

(1.5
s/b
(ie., 1.5

Date: 5/17/2008 2:18:45 PM
ACCEPT - DONE

(3
s/b
(i.e., 3

Author: wdc-mevans

Subject: Highlight

Date: 5/17/2008 2:18:51 PM
ACCEPT - DONE

3
s/b
(i.e., 3

Author: wdc-mevans
Subject: Highlight

/. Author: RElliott
Subject: Note
Date: 5/1/2008 8:07:46 PM
y\ijACCEPT - DONE
v
Add another i.e. on these lines:
Hz (i.e., s"-1)
kHz (i.e., s*-3)
MHz (i.e., s"-6)
GHz (i.e., s"-9)

to match the primary Sl definition. ("unit cycles per second" is also used in the Sl brochure.)

___—@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:00:58 PM
ACCEPT - DONE
(10
s/b
(i.e., 10

——@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:01:07 PM
ACCEPT - DONE
(cycles
s/b
(i.e., cycles

——@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:01:16 PM
ACCEPT - DONE

(10
s/b
(i.e., 10

Comments from page 22 continued on next page
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Abbreviation
CDF
CDR
CJITPAT
CRC
dB

| dBm

| dBmV
D.C.
Dxx.y
DDJ

| DFE
DJ

| e
ECM
ECR
EMI
EOAF
EOF
ESD

| Final-SNW
FIS

| Gl
G2
G3
G4
Gbps

| Genli

| Genlx
Gen2i
Gen2x

@ GHz

Hz

ISI

| JMD

| JTF
JTPAT
kHz
KXxx.y
LED

| LMS

22

Meaning

cumulative distribution function (see 3.1.44)
clock data recovery (see 3.1.30)

compliant jitter tolerance pattern (see 3.1.34)
cyclic redundancy check (see 3.1.45)
decibel (see 3.1.51)

decibel milliwatts (see 3.1.53)

decibel milliVolts (see 3.1.52)

direct current (see 3.1.59)

data character (see 3.1.48)

data dependent jitter (see 3.1.116)

decision feedback equalizer (see 3.1.54)
deterministic jitter (see 3.1.117)

28 January 2008

2.718 28..., the base of the natural (i.e., hyperbolic) system of logarithms

expander connection manager (see 3.1.75)
expander connection router (see 3.1.76)
electromagnetic interference (see 3.1.68)
end of address frame primitive (see 7.2.6.6)
end of frame primitive (see 7.2.7.4)
electrostatic discharge

final speed negotiation window for 1.5 or 3 Gbps without training (see 6.7.4.2.3.2)

frame information structure (see 3.1.93)
generation 1 physical link rate (1.5 Gbps)
generation 2 physical link rate (3 Gbps)
generation 3 physical link rate (6 Gbps)

generation 4 physical link rate (defined in a future version of this standard)

gigabits per second (109 bits per second)

SATA generation 1 physical link rate (1.5 Gbps)(see SATA-2)

SATA generation 1 physical link rate (1.5 Gbps), extended length (see SATA-2)

SATA generation 2 physical link rate (3 Gbps)(see SATA-2)

SATA generation 2 physical link rate (3 Gbps), extended length (see SATA-2)

gigahertz (10° cycles per second)
hertz (cycles per second)
intersymbol interference (see 3.1.112)
information unit (see 3.1.110)

jitter measurement device

jitter transfer function (see 5.3.5.2)
jitter tolerance pattern (see 3.1.123)
kilohertz (103 cycles per second)
control character (see 3.1.43)
light-emitting diode

least mean square (see 3.1.124)

Working Draft Serial Attached SCSI - 2 (SAS-2)
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Abbreviation
LSB
LUN
HA

US

MA
MBps
MHz
MSB
ms

MT
MTT
MTWT
mV
N/A
NAA
NAK
NEXT
nF

ns
NVRAM
0oo0B
OOBI
oul
PCB
PL
PLL
P-P
ppm
ps
RCDT
RD

RJ
rms
RRDY
Rx
RTTL
SA
SAM-4
SAS
SATA
SATA-2

T10/1760-D Revision 14

Meaning
least significant bit (see 3.1.125)

logical unit number (see 3.1.135)

microampere (10™*amperes)
S PR

ST LTSSy

microsecond (10

management application layer (see 10.4)

XV,
92

megabytes per second (10%sytes per second)

megahertz (10°~s\cles per second)

P

most significant bit (see 3T:141)
q

millisecond (10"<sgeconds)

SMP transport layer statamachines (see 9.4)
maximum training time (see 3.I%
maximum Train-SNW window time (se€
millivolt (102

not applicable

1.137)

yolts)

name address authority (s€¢.2)
negative acknowledge primitive (ses
near-end crosstalk (see 3.1.146)
nanofarad (10" {&arads)
nanosecond (10‘9 secsads)
non-volatile random-access ms
out-of-band

out-of-band interval (see 3.1.154)
organizationally unique identifier (i.e., companyy
printed circuit board

port layer state machines (see 8.2)

phase lock loop

peak-to-peak

parts per million (10°)

picosecond (10712

seconds)

rate change delay time (see 3.1.179)
running disparity (see 3.1.195)

random jitter (see 3.1.118)

root mean square (i.e., quadratic mean)
receiver ready primitive (see 7.2.7.6)
receiver device (see 3.1.182)

reference transmitter test load (see 3.1.185)
SCSI application layer (see 10.2)

SCSI Architecture Model - 4 standard (see 2.3)
Serial Attached SCSI (see 3.1.230)

Serial ATA (see 3.1.228)

Serial ATA 2.6 specification (see 2.4)
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Page: 23

———@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:01:39 PM
ACCEPT - DONE
(10
s/b
(i.e., 10

——@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:01:43 PM
ACCEPT - DONE

(10
s/b
(ie., 10

@ Author. wdc-mevans

Subject: Highlight
Date: 5/25/2008 5:01:47 PM
ACCEPT - DONE

(10
s/b
(ie., 10

\O Author: wdc-mevans

Subject: Highlight
Date: 5/25/2008 5:01:50 PM
ACCEPT - DONE

(10
s/b
(i.e., 10

\' Author: wdc-mevans

Subject: Highlight
Date: 5/25/2008 5:01:53 PM
ACCEPT - DONE

(10
s/b
(i.e., 10

\' Author: wdc-mevans

Subject: Highlight
Date: 5/25/2008 5:01:56 PM
ACCEPT - DONE

(10
s/b
(i.e., 10

\‘ Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:02:08 PM
ACCEPT - DONE
(10
s/b

(i.e., 10
\ Author: RElliott

Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

Comments from page 23 continued on next page



28 January 2008

Abbreviation
LSB
LUN
HA

US

MA
MBps
MHz
MSB
ms

MT
MTT
MTWT
mV
N/A
NAA
NAK
NEXT
nF

ns
NVRAM
0oo0B
OOBI
oul
PCB
PL
PLL
P-P
ppm
ps
RCDT
RD

RJ
rms
RRDY
Rx
RTTL
SA
SAM-4
SAS
SATA
SATA-2

Meaning

least significant bit (see 3.1.125)

logical unit number (see 3.1.135)
microampere (10°® amperes)
microsecond (10'6 seconds)
management application layer (see 10.4)
megabytes per second (10° bytes per second)
megahertz (106 cycles per second)

most significant bit (see 3.1.141)

millisecond (1073 seconds)

SMP transport layer state machines (see 9.4)
maximum training time (see 3.1.136)

maximum Train-SNW window time (see 3.1.137)
millivolt (1073 volts)

not applicable

name address authority (see 4.2)
negative acknowledge primitive see 7.2.7.5)
near-end crosstalk (see 3.1<146)

nanofarad (10 Farags)
nanosecond (10‘° seconds)
non-volatile random-access memory
out-of-band

out-of-band interval (see 3.1.154)

organizationally unique identifier (i.e., coxpany igéntifier)

printed circuit board

port layer state machines (see 8/7)
phase lock loop
peak-to-peak

parts per million (1027
seconds)

picosecond (10
rate change delay time (see 3.1.179)

running disparity (see 3.1.195)

random jitter (see 3.1.118)

root mean square (i.e., quadratic mean)
receiver ready primitive (see 7.2.7.6)

receiver device (see 3.1.182)

reference transmitter test load (see 3.1.185)
SCSI application layer (see 10.2)

SCSI Architecture Model - 4 standard (see 2.3)
Serial Attached SCSI (see 3.1.230)

Serial ATA (see 3.1.228)

Serial ATA 2.6 specification (see 2.4)

Working Draft Serial Attached SCSI - 2 (SAS-2)
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Farads
s/b
farads

per Sl brochure

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:02:11 PM
ACCEPT - DONE

(10
s/b
(i.e., 10

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:02:13 PM
ACCEPT - DONE

(10
s/b
(i.e., 10

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:02:16 PM
ACCEPT - DONE

(10
s/b
(i.e., 10
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Abbreviation  Meaning

SBC-3 SCSI Block Commands - 3 standard (see 2.3)

SCSI Small Computer System Interface family of standards

Sjj S-parameter for port j to port i (see B.9)

Scaij S-parameter for common-mode to common-mode port j to port i (see B.9)
Scoij S-parameter for differential to common-mode port j to port i (see B.9)
Spbcij S-parameter for common-mode to differential port j to port i (see B.9)
Soij S-parameter for differential to differential port j to porti (see B.9)

SJ sinusoidal jitter (see 3.1.119)

SL link layer for SAS phys state machines (see 7.14)

SL_IR link layer identification and hard reset state machines (see 7.9.4)
SMP Serial Management Protocol (see 3.1.231), or

link layer for SMP phys state machines (see 7.18.5)

SNLT speed negotiation lock time (see 3.1.247)
SNTT speed negotiation transmit time (see 3.1.249)
SNW speed negotiation window (see 3.1.250)
| SNW-1 speed negotiation window for 1.5 Gbps without training (see #.7.4.2.3.2)
SNW-2 speed negotiation window for 3 Gbps without training (see/6.7.4.2.3.2)
SNW-3 speed negotiation window negotiating physical link rate4 with training (see 6.7.4.2.3.3)
SNWT speed negotiation window time (see 3.1.251)
SOAF start of address frame primitive (see 7.2.6.11)
SOF start of frame primitive (see 7.2.7.7)

SP phy layer state machine (see 6.8)
SP_DWS phy layer dword synchronization state machine (see 6.9)
SPC-4 SCSI Primary Commands - 4 standayd (see 2.3)
ssp Serial SCSI Protocol (see 3.1.232,., or
link layer for SSP phys state mg/hines (see 7.16.8)
ST SSP transport layer state mazhines (see 9.2)
STP Serial ATA Tunneled ProtgZol (see_3.1.229), or
link layer for STP phys gAate machines (see 7.17.8)
S second (unit of time)
TCTF transmitter compliance transfer function (see 3.1.283)
TDNA time domain network analyzer (i.e., TDR/TDT plus analysis software that performs a
VNA-style output)
TDR time domain reflectometer
TDT time domain transmission
TJ total jitter (see 3.1.120)
TLT training lock time (see 3.1.279)
Train-SNW speed negotiation window with training (see 6.7.4.2.3.4)
TT STP transport layer state machines (see 9.3)
TWT Train-SNW window time (see 3.1.280)
TX transmitter device (see 3.1.284)
Ul unit interval (see 3.1.291)
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Page: 24

Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:02:37 PM

REJECT (we use N ms, N us, N ns, and N ps a lot, which are derived from s. You are not supposed to mix Sl symbols and names
in one document; I'd rather use the symbols than spell all those out. The cases where s is used that are not preceded by a number
clearly dp not mean "seconds". Nobody has ever complained about a byte number "m" in a table being interpreted as "meter")

s second (unit of time)

s/b

[This is a problematic abbreviation because "s" is used in so many places in the draft as something like "source zone group". |
could find only two places where "s" is used in the draft to mean "second". Search for "gigasymbols/s" and look in the table defining
LED behavior. Because of this problematic nature, | recommend deleting this definition and replacing the occurrences of where "s"
is used to mean "second" by using the words "second" or "seconds" as appropriate.]
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Abbreviation  Meaning

\% volt

VMA voltage modulation amplitude (see 3.1.295)
VNA vector network analyzer

VPD vital product data (see 10.2.11)

XL link layer for expander phys state machine (se
XOR exclusive logical OR

Zone permission bit for =

ZP[s, d] d) in the zone eermission table (see 4.9.3.3)

ZPSDS Zosed portion of a service detivery subsystem (see 3.1.303)

A (Delta) difference—gperator

¢ (phi) phase

7 (pi) 3.141 59... , the ratio of any circle’s circumference to its diameter
p (rho) reflection coefficient (see 3.1.186)

n exclusive logical OR

X multiplication

/ division

3.3 Keywords

3.3.1invalid: A keyword used to describe an illegal or unsuiiorted bit, byte, word, field or code value.

Receipt of an invalid bit, byte, word, field or code value regerted as an error.
3.3.2 mandatory: A keyword indicating an item that is required to be implemented as defined in this
standard.

3.3.3 may: A keyword that indicates flexibility of choice with no implied preference (equivalent to “may or may
not”).

3.3.4 may not: Keywords that indicate flexibility of choice with no implied preference (equivalent to “may or
may not”).

3.3.5 obsolete: A keyword indicating that an item was defined in prior standards but has been removed from
this standard.

3.3.6 optional: A keyword that describes features that are not required to be implemented by this standard.
However, if any optional feature defined in this standard is implemented, then it shall be implemented as
defined in this standard.

3.3.7 reserved: A keyword referring to bits, bytes, words, fields and code values that are set aside for future
standardization. A reserved bit, byte, word or field shall be set to zero, or in accordance with a future
extension to this standard. Recipients are not required to check reserved bits, bytes, words or fields for zero
values. Receipt of reserved code values in defined fields shall be reported as an error.

3.3.8 restricted: A keyword referring to bits, bytes, words, and fields that are set aside for use in other
standards or for other data structures in this standard. A restricted bit, byte, word, or field shall be treated as a
reserved bit, byte, word or field for the purposes of the requirements defined in this standard.

3.3.9 shall: A keyword indicating a mandatory requirement. Designers are required to implement all such
mandatory requirements to ensure interoperability with other products that conform to this standard.
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Page: 25

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:02:55 PM

T REJECT (acronyms/symbols don't use i.e.)
(Delta)
s/b
(i.e., Delta)

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:03:02 PM

T REJECT (acronyms/symbols don't use i.e.)
(phi)
s/b

(i.e., phi)

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:03:12 PM

T REJECT (acronyms/symbols don't use i.e.)
(pi)

s/b
(i.e., pi)

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:03:06 PM

T REJECT (acronyms/symbols don't use i.e.)

(rho)
s/b
(i.e., rho)

Author: stx-ghoulder
Subject: Highlight
Date: 5/25/2008 5:03:34 PM
REFER PROTOCOL WG (5/5 | agree - there should be no "shalls" in the keywords. SNWs are the main violator of this, and can be

changed to "successful" and "unsuccessful")

shall be

s/b is usually ... there are cases where invalid dwords or frames are just counted or ignored rather than "reported as an error". Also
SNW-final makes assumption of "non-support" rather than error for invalid SNW windows.

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:03:52 PM

T REJECT (see no reason to follow SAM-4 down that path)

preference (equivalent to “may or may not”).
s/b
preference. "May" is synonymous with the phrase “may or may not”. [see SAM-4]

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:03:58 PM

T REJECT (see no reason to follow SAM-4 down that path)

preference (equivalent to “may or may not”).

s/b
preference. "May not" is synonymous with the phrase “may or may not”. [see SAM-4]

Comments from page 25 continued on next page
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3.3.10 should: A keyword indicating flexibility of choice with a strongly preferred alternative (equivalent to “is

strongly recommended”). \

3.3. 11_ Samething (e.g., a bit, field, or code value) that is not defined by this standard and

3.4 Editorial conventions

Certain words and terms used in this standard have a specific meaning beyond the normal English meaxd
These words and terms are defined either in clause 3 or in the text where they first appear.

Names of signals, address frames, primitives and primitive sequences, SMP functions, state machines, SCSI
and ATA commands, SCSI statuses, SCSI sense keys, and SCSI additional sense codes are in all uppercase
(e.g., REQUEST SENSE command).

Names of messages, requests, confirmations, indications, responses, event notifications, timers, SCSI
diagnostic pages, SCSI mode pages, and SCSI log pages are in mixed case (e.g., Disconnect-Reconnect
mode page).

Names of fields are in small uppercase (e.g., DESTINATION SAS ADDRESS). Normal case is used when the

contents of a field are being discussed. Fields-eentaining-only-ene-bit-are-usually-referred-to-as-the NAME bit
—’—\
instead-of-the naME field-

Normal case is used for words having the normal English meaning.

A binary number is represented in this standard by any sequence of digits consisting of only the
Western-Arabic nhumerals 0 and 1 immediately followed by a lower-case b (e.g., 0101b). Underscores or
spaces may be included between characters in binary number representations to increase readability or
delineate field boundaries (e.g., 0 0101 1010b or 0_0101_1010b).

A hexadecimal number is represented in this standard by any sequence of digits consisting of only the
Western-Arabic numerals 0 through 9 and/or the upper-case English letters A through F immediately followed
by a lower-case h (e.g., FA23h). Underscores or spaces may be included between characters in hexadecimal
number representations to increase readability or delineate field boundaries (e.g., B FD8C FA23h or
B_FD8C_FA23h).

A decimal number is represented in this standard by any sequence of digits consisting of only the Arabic
numerals 0 through 9 not immediately followed by a lower-case b or lower-case h (e.g., 25).

This standard uses the following conventions for representing decimal numbers:

a) the decimal separator (i.e., separating the integer and fractional portions of the number) is a period,;

b) the thousands separator (i.e., separating groups of three digits in a portion of the number) is a space;
and

¢) the thousands separator is used in both the integer portion and the fraction portion of a number.

Table 2 shows some examples of decimal numbers using various numbering conventions.

Table 2 — Numbering conventions

French English This standard
0,6 0.6 0.6
3,141 592 65 3.14159265 3.141 592 65
1 000 1,000 1 000
1323 462,95 1,323,462.95 1323 462.95

A decimal number represented in this standard with an overline over one or more digits following the decimal
point is a number where the overlined digits are infinitely repeating (e.g., 666.6 means 666.666 666... or
666 2/3, and 12.142 857 means 12.142 857 142 857... or 12 1/7).
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Page: 26
\‘ Author: wdc-mevans

Subject: Highlight
Date: 5/25/2008 5:04:18 PM

T REJECT (that diverges from the wording in other standards)

alternative (equivalent to “is strongly recommended”).
s/b

alternative. "Should" is used in cases where the defined instance is strongly recommended.

@ Author: stx-ghoulder
Subject: Highlight
Date: 5/6/2008 4:07:48 PM

REJECT (per a SAS-1.0 letter ballot comment from the T10 chair, vendor-specific is used as an adjective modifying some other
obvious noun, and vendor specific is used as a noun).

vendor specific:

Most references to "vendor specific" in this document use a hyphen (i.e. vendor-specific) but this instance and a handful of others
don't. We should be consistent -- always use the hyphen or always use space.

@ Author: elx-bmartin
Subject: Cross-Out
Date: 5/6/2008 4:07:48 PM

$REJECT (see response on "field" definition)

Fields containing only one bit are usually referred to as the NAME bit instead of the NAME field.

Unless there is a place where we refer to a one bit value as a field remove this sentence.
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AAAAAAAA P PO DT R Sy P, NP [ P N P P, WP W ST

Lists segoerceasyeieis & goca oy oioe, o greciSsaewra ardering relationship between the listed
items. Lists sequenced by numbers (e.g., 1) red, 2) blue, 3) green) show an ordering relalionsimp-sstueen the
listed items.

In the event of conflicting information the precedence for requirements defined in this standard is:

1) text;
2) tables; then
3) figures.

Notes do not constitute any requirements for implementers.

3.5 Class diagram and object diagram conventions

The notation used in class diagrams and object diagrams is based on the Unified Modeling Language (UML)
specification.

Figure 3 shows the notation used for classes in class diagrams.

Notation for a class with no attributes or operations:

Class Name |

Notation for a class with attributes and no operations:
Class Name

Attribute 1
Attribute 2

Notation for a class with operations and no attributes:
Class Name

Operation 1()
Operation 2()

Notation for a class with attributes and operations:

Class Name
Attribute 1
Attribute 2
Operation 1()
Operation 2()

Notation for a class with attributes showing multiplicity and operations:

Class Name
Attribute 1[1..%]
Attribute 2[1]

Operation 1()
Operation 2()

Figure 3 — Classes in class diagrams
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Page: 27

—@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:04:45 PM
T REJECT (I do not endorse the SCSI style guide. This wording matches the wording used by SAM-4 and SPC-4. The wording
currently in SBC-3 seems to be mistakenly incorporating editor instructions like "list shall have a semicolon here, etc.", not reader
guidelines. There should be no "shall"s in this section.)

Lists
s/b
[Expand this paragraph to something more like the example shown in the SCSI style guide.]

————@ Author: RElliott
Subject: Highlight
Date: 5/30/2008 6:13:35 PM
TACCEPT - DONE

then
s/b
and

to match several Isi-gpenokie comments on other ordered lists throughout the document.
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Table 3 defines the notation used for multiplicity in class diagrams.

Table 3 — Multiplicity notation in class diagrams

Notation Description
<none> The number of instances of the object or attribute is not specified.
1 One instance of the object or attribute exists.
0.* Zero or more instances of the object or attribute exist.
1.* One or more instances of the object or attribute exist.
0..1 Zero or one instances of the object or attribute exist.
n..m n to m instances of the object or attribute exist (e.g., 2..8).
X, h..m Multiple disjoint instances of the object or attribute exist (e.g., 2, 8..15).

Figure 4 defines the notation used for association relationships between classes.

Association (“knows about” relationship)

Association Name Class A knows about Class B (i.e., is read
Class A Class B as “Class A association name Class B”) and
1 % 0.1 Class B knows about Class A (i.e., is read
v v as “Class B association name Class A”)
Class B knows about Class A (i.e., is read
Class A Class B as “Class B knows about Class A”) but
1 0.1 Class A does not know about Class B
Role Name Class A knows about Class B (i.e., is read
Class A Class B as “Class A uses the role name attribute
o 0.1 of Class B”) but Class B does not know

about Class A
Note: The role name and association hame are optional

Examples of class diagrams using associations:

Class A Class B
- Class A :
Attribute 1 Attribute @ Attribute 1
Attribute 2 1 0.1 Attribute 2
Operation 1() h
1 % Association Name 1 0..*
0.1 0.1 0.1 Role Name
|
Class B CEEE S Class D
Attribute b Attribute d

Figure 4 — Association relationships in class diagrams
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Figure 5 defines the notation used for aggregation relationships between classes.

Aggregation (“is a part of” or “contains” relationship)
The part is part of the whole and may continue to

Whole < Part exist even if the whole is removed.
1.* 0.*
The part is part of the whole and shall not continue to
Whole @ Part exist if the whole is removed.
1 1.
Examples of class diagrams using aggregation:
Att '\é\mtmi PartA | 0.7 01 ibute 1 _—
ribute - ttribute
. @ .
Attribute 2 Attribute A ’ Attribute 2
Operation 1() ///
; Y
1.r {Constraint between —_ _ _ _ _ 1 1
0.1 associations} 1% 1.*
Part
Attribute 3 Eart E Eart €
Attribute B Attribute C

Figure 5 — Aggregation relationships in class diagrams

Figure 6 defines the notation used for generalization relationships between classes.
Generalization (“is a kind of” relationship)

Subclass is a kind of superclass. A subclass shares all
the attributes and operations of the superclass (i.e., the

subclass
subclass inherits from the superclass).

superclass <]

Examples of class diagrams using generalization:

Multiple superclass/single subclass

Single superclass/single subclass:
(i.e., muliple inheritance):

Superclass Superclass A
Attribute 1 Attribute 1A
Attribute 2A

ya

Superclass B

Attribute 1B
Attribute 2B

N

Attribute 2

Use multiple inheritance
only when needed and

Subclass B

Subclass A

always with caution.

Attribute 4

Attribute 3

Single superclass/multiple subclass:

Superclass There is no significance to
. i ignifi
ﬁgr!gu:e ; generalizations that are
ribute combined or not combined.
A
Subclass A Subclass B Subclass C
Attribute A Attribute B Attribute C

Figure 6 — Generalization relationships in class diagrams
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Figure 7 defines the notation used for dependency relationships between classes.
Dependency (“depends on” relationship)

Class A depends on class B. A change in

Class A —--—=--———-—oomov > ClassB class B may cause a change in class A.

Example of class diagram using dependency:
—————————————————— Independent
Figure 7 — Dependency relationships in class diagrams

Figure 8 defines the notation used for objects in object diagrams.

Notation for a named object with no attributes:

| label : Class Name |

Notation for a named object with attributes:

label : Class Name

Attribute 1 = x
Attribute 2 =y

Notation for an anonymous object with no attributes:

: Class Name

Notation for an anonymous object with attributes:
: Class Name

Attribute 1 = x
Attribute 2 =y

Figure 8 — Objects in object diagrams

A constraint is specified in a class diagram or an object diagram as text encapsulated with a { } notation within
a box. See figure 5 for an example of a constraint.

A note is specified in a class diagram or an object diagram as text within a box. See figure 6 for an example of
a note.
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3.6 State machine conventions

3.6.1 State machine conventions overview

Figure 9 shows how state machines are described. See 4.3 for a summary of the state machize
standard.

/State machine name
State designator:State Name State designator:State Name

/e State
&rom upper layer) ;
Transition condition—] machine
\ Request name or name
' response name =~ P --Message named or state
designator
State —Transition conditionm Transition(condition —Transition condition»
designator \ State
State designator
machine Message name Request name or
name ---Message name-p» " response name
or state
designator

(to lower layer)

(different) State machine name (to all states, causing
transition to State

designator:State_Name) ~#-Message narie---

State designator:State Name State designator:State Name

Confirmation name, X (to uppe/ layer)
indication name, or =% =T Tssssss=s >
event notification name I i iti . -/
\ Transition condition———p»| Confirmatior/name,
[ L -~ indication filame, oy
(from lower layer) event notifi£ation ndme
----Message name = {3 - = =-Messagk nam¢/-[>
(from transmitter or o o (to trZnsmitter or
. ——Transition condition .
receiver) feceiver)

Figure 9 — State machine conventions /

When multiple state machines are present in a figure, they are enclosed in boyes with rounded corners.

Each state machine is identified by a state machine name. In state machines/with one state, the state machine
is identified by a state designator. In state machines with multiple states, eAch state is identified by a state
designator and a state name. The state designator (e.g., SL1) is unique Among all state machines in this
standard. The state name (e.g., Idle) is a brief description of the primary action taken during the state, and the
same state name may be used by other state machines. Actions takey/ while in each state are described in the
state description text.

3.6.2 Transitions

Transitions between states are shown with solid lines, with ar/arrow pointing to the destination state. A
transition may be labeled with a transition condition label, a brief description of the event or condition that
causes the transition to occur.
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___—@ Author: RElliott
Subject: Note
Date: 6/9/2008 5:20:53 PM
( /JACCEPT - TODO (last revision; unknown how to fix)

Fix wavy lines

Author: wdc-mevans

Subject: Highlight

Date: 6/9/2008 2:34:38 PM

IT‘ACCEPT - TODO (check in last revision; unknown what causes this or what can be done to fix it)

Figure 9 — State machine conventions
s/b
[Fix the squiggly lines on the right hand side of both inner boxes in the figure.]

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:05:29 PM
REJECT (That would change the meaning, since the latter phrase is just a definition of "transition label". Changed to an i.e.
instead)

label, a
s/b
label, and may include a
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If the state transition leaves the page, the transition label goes to or from a state designator label with double
underlines rather than to or from a state.

The conditions and actions are described fully isthe transition description text. In case of a conflict between a
figure and the text, the text shall take precedence.

Upon entry into a state, all actions to be processed in that state areystacessed. If a state is re-entered from
itself, all actions to be processed in the state are processed again. A state mayebe entered and exited in zero
time if the conditions for exiting the state are valid upon entry into the state. Transitions.between states are
instantaneous.

3.6.3 Messages, requests, indications, confirmations, responses, and event notifications

Messages passed between state machines are shown with dashed lines labeled with a message hame. When
messages are passed between state machines within the same layer of the protocol, they are identified by
either:

a) adashed line to or from a state machine name label with double underlines and/or state name label
with double underlines, if the destination is in a different figure from the source;

b) a dashed line to or from a state in another state machine in the same figure; or

c) adashed line from a state machine name label with double underlines to a “(to all states)” label, if the
destination is every state in the state machine.

The meaning of each message is described in the state description text.

Requests, indications, confirmations, responses, and event notifications are shown with curved dashed lines
originating from or going toward the top or bottom of the figure. Each request, indication, confirmation,

response, and event notification is labeled. The meaning of each request, indication, confirmation, ress
and event notification is described in the state description text.

onse,

Messages with unfilled arrowheads are passed to or from the state machine’s tra#smitter or receiver, not
shown in the state machine figures, and are directly related to data being4dansmitted on or received from the

physical link.
The state machine description text for each state whelly é€fines the messages sent while the state machirM

in that state. If a state machine in one state repeatedly sending a message transitions to another state, it stops

repeatedly sending that message unless stated otherwise in the new st

QAT

3.6.4 State machine counters, timers, and variables

State machines may contain counters, timers, and variables that affect the operation of the state machine. The
following properties apply to counters, timers, and variables:

a) Their scope is the state machine itself;

b) They are created and deleted with the state machines with which they are associated;

c) Their initialization and modification is specified in the state descriptions and the transition
descriptions; and

d) Their current values may be used to determine the behavior of a state and select the transition out of
a state.

State machine timers may continue to run while a state machine is in a given state, and a timer may cause a
state transition upon reaching a defined threshold value (e.g., zero for a timer that counts down).
3.6.5 State machine arguments

State machines may contain an argument sessied in a massage or confirmation-as-a-state-machine
The following properties apply to state machine arguments:

a) the state machine that sends the argument owns that argument’s value;

b) the state machine that receives the argument shall not modi argument’s

c) the state machine that sends the argument may resend with

d) the scope of a state machine argument is the state machine itself; and

e) state machine argument usage is described in the state descriptions and the transition descriptions.
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Page: 32
\‘ Author: wdc-mevans

Subject: Highlight
Date: 5/17/2008 2:22:14 PM
IT‘ACCEPT - DONE (as "If the state transition in one figure goes to or comes from a state machine or state in a different figure, then

the transition is shown going to or coming from a state machine name or a state designator label with double underlines.")

If the state transition leaves the page, the transition label goes to or from a state designator label with double underlines rather than
to or from a state.

s/b

If a state transition shown in one figure goes to or comes from a state machine or state in a different figure, then the state machine
name or state designator label is shown in the first figure including the state machine name or state designator label with double
underlines.

\‘ Author: wdc-mevans

Subject: Cross-Out
Date: 5/25/2008 5:05:43 PM

?REJECT

fully
s/b
[Delete the unnecessary word.]

/0 Author: wdc-mevans
Subject: Cross-Out
Date: 5/25/2008 5:06:34 PM
$REJECT (this is a necessary word)

wholly
s/b
[Delete the unnecessary word.]

@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:06:16 PM
T REJECT (first noun/subject convention, but added "then")

it
s/b
then the state machine

@ Author: RElliott
Subject: Highlight
Date: 5/17/2008 2:22:52 PM
[ ACCEPT - DONE

state repeatedly
s/b
state that is repeatedly

/. Author: wdc-mevans
Subject: Cross-Out
Date: 5/25/2008 5:07:05 PM
%REJECT (this defines the awkward term "state machine argument")

as a state machine arguments
s/b
[Delete the unnecessary words.]

——@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:06:45 PM

Comments from page 32 continued on next page
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If the state transition leaves the page, the transition label goes to or from a state designator label with double
underlines rather than to or from a state.

The conditions and actions are described fulfy in the transition description text. In case of a conflict between a
figure and the text, the text shall take precedence.

Upon entry into a state, all actions to be processed in that state are processed. If a state is re-entered from
itself, all actions to be processed in the state are processed again. A state may be entered and exited in zero
time if the conditions for exiting the state are valid upon entry into the state. Transitions between states are
instantaneous.

3.6.3 Messages, requests, indications, confirmations, responses, and event notifications

Messages passed between state machines are shown with dashed lines labeled with a message hame. Whep
messages are passed between state machines within the same layer of the protocol, they are identified by
either:

a) adashed line to or from a state machine name label with double underlines and/or state ngzne label
with double underlines, if the destination is in a different figure from the source;

b) a dashed line to or from a state in another state machine in the same figure; or

c) adashed line from a state machine name label with double underlines to a “(to all szates)” label, if the
destination is every state in the state machine.

The meaning of each message is described in the state description text.

Requests, indications, confirmations, responses, and event notifications are shg#n with curved dashed lixes
originating from or going toward the top or bottom of the figure. Each request/indication, confirmation,
response, and event notification is labeled. The meaning of each request, jAdication, confirmation, rg5ponse,
and event notification is described in the state description text.

Messages with unfilled arrowheads are passed to or from the state pachine’s transmitter or reZeiver, not
shown in the state machine figures, and are directly related to daj4 being transmitted on or Zceived from the
physical link.

The state machine description text for each state whelly defies the messages sent whjfe the state machine is
in that state. If a state machine in one state repeatedly se#ding a message transitiong’to another state, it stops
repeatedly sending that message unless stated othery/se in the new state.

3.6.4 State machine counters, timers, and vari4bles

State machines may contain counters, timers, 4nd variables that affect the ¢
following properties apply to counters, timeys, and variables:

peration of the state machine. Th¢

a) Their scope is the state machin# itself;

b) They are created and deletegZwith the state machines withAvhich they are associated;

c) Their initialization and modg/ication is specified in the stay2 descriptions and the transitic#
descriptions; and

d) Their current values nyay be used to determine the bZ
a state.

havior of a state and sele«t the trefisition oyt of

State machine timers mzy continue to run while a state fachine is in a giver-State, and a ti/ner may cause a
state transition upon Zaching a defined threshold valye (e.g., zero for g4mer that counts/down).

3.6.5 State macline arguments

a) the state machine that sends the argup< /

b) the state machine that receives the drgument shall not modi drguments4&@

c) the state machine that sends the argument may resend

d) the scope of a state machine argument is the state machine itself; and
e) state machine argument usage is described in the state descriptions and the transition descriptions.
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IT‘ACCEPT - DONE

an argument
s/b
one or more state machine arguments

Author: stx-ghoulder
Subject: Highlight

Date: 5/6/2008 4:07:48 PM
‘ACCEPT - DONE

arguments

s/b "argument" (not plural).

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:07:26 PM
ACCEPT - DONE

the
s/b
an

Author: stx-ghoulder

Subject: Highlight

Date: 5/25/2008 5:07:59 PM
ACCEPT - DONE

values

s/b "value" (not plural)

Author: stx-ghoulder
Subject: Highlight

Date: 5/25/2008 5:08:10 PM
iACCEPT - DONE ("that")

those

s/b 'the".

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:07:37 PM
ACCEPT - DONE

the
s/b
an

Author: stx-ghoulder

Subject: Highlight

Date: 5/25/2008 5:07:50 PM
ACCEPT - DONE

different values

s/b "a different value" (not plural)

Author: stx-ghoulder

Subject: Highlight

Date: 5/17/2008 2:23:28 PM

‘ACCEPT - DONE (as "that argument" per wdc-mevans comment)

those arguments

s/b "the argument”

Comments from page 32 continued on next page
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If the state transition leaves the page, the transition label goes to or from a state designator label with double
underlines rather than to or from a state.

The conditions and actions are described fulfy in the transition description text. In case of a conflict between a
figure and the text, the text shall take precedence.

Upon entry into a state, all actions to be processed in that state are processed. If a state is re-entered from
itself, all actions to be processed in the state are processed again. A state may be entered and exited in zero
time if the conditions for exiting the state are valid upon entry into the state. Transitions between states are
instantaneous.

3.6.3 Messages, requests, indications, confirmations, responses, and event notifications

Messages passed between state machines are shown with dashed lines labeled with a message hame. When
messages are passed between state machines within the same layer of the protocol, they are identified by
either:

a) adashed line to or from a state machine name label with double underlines and/or state name label
with double underlines, if the destination is in a different figure from the source;

b) a dashed line to or from a state in another state machine in the same figure; or

c) adashed line from a state machine name label with double underlines to a “(to all states)” label, if 1/
destination is every state in the state machine.

The meaning of each message is described in the state description text.

Requests, indications, confirmations, responses, and event notifications are shown with curved dazhed lines
originating from or going toward the top or bottom of the figure. Each request, indication, confirmAtion,
response, and event notification is labeled. The meaning of each request, indication, confirmaj/On, resporyse,

and event notification is described in the state description text.

Messages with unfilled arrowheads are passed to or from the state machine’s transmitter 4r receiver, n¢jt
shown in the state machine figures, and are directly related to data being transmitted or/or received frjhm the
physical link.

The state machine description text for each state whelly defines the messages sent/vhile the state mjachine is
in that state. If a state machine in one state repeatedly sending a message transitjgns to another stafe, it stops
repeatedly sending that message unless stated otherwise in the new state.

3.6.4 State machine counters, timers, and variables

State machines may contain counters, timers, and variables that affect th¢operation of the state ynachine. The
following properties apply to counters, timers, and variables:

a) Their scope is the state machine itself;
b) They are created and deleted with the state machines with/which they are associated,;
c) Their initialization and modification is specified in the staye descriptions and the trangition
descriptions; and
d) Their current values may be used to determine the bghavior of a state and select t}ie transition out of
a state.

State machine timers may continue to run while a state m/achine is in a given state, and ¢ timer may cause a
state transition upon reaching a defined threshold valu¢/(e.g., zero for a timer that counfs down).
3.6.5 State machine arguments

State machines may contain an argument received in a message or confirmation-as-¢-state-machine
The following properties apply to stzte machine arguments:

a) the state machine that sends the argZiment owns that argument’s value;
b) the state machine that receives the/argument shall not modi argunjent’s

c) the state machine that sends the argument may resend With

d) the scope of a state machine argument is the state machine itself; and

e) state machine argument usage is described in the state descriptions and the transition descriptions.
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Author: wdc-mevans
Subject: Highlight

Date: 5/17/2008 2:23:17 PM
TACCEPT - DONE

those arguments
s/b
that argument

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:07:31 PM
ACCEPT - DONE

the
s/b
an
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3.7 Bit and byte ordering

In a field in a table eensisting-ef-mere-thanr-ene-bit tikat-comiains a singie value (e.g., a number), INE least
significant bit (LSB) is shown on the right and the most significant bit (MSB) is shown on the left (e.g., in a

byte, bit 7 is the MSB and is shown on the left; bit O is the LSB and is shown on the right). The MSB and LSB
are not labeled if the field consists of 8 or fewer bits.

In a field in a table consisting of more than one byte that contains a single value (e.g., a number), the byte
containing the MSB is stored at the lowest address and the byte containing the LSB is stored at the highest
address (i.e., big-endian byte ordering). The MSB and LSB are labeled.

NOTE 9 - SATA numbers bits within fields the same as this standard, but uses little-endian byte ordering.

In a field in a table consisting of more than one byte that contains multiple fields each with their own values
(e.g., a descriptor), there is no MSB and LSB of the field itself and thus there are no MSB and LSB-&Gels.
Each individual field has an MSB and LSB, but they are not labeled.

In a field containing a text string (e.g., ASCIl or UTF-8), the MSB label is the MS
LSB label is the LSB of the last character.

Multiple byte fields are represented with Mquentiaﬂy increasing byte number

indicating the presence of additional bytes.

57of the first character and the

A data dword consists of 32 bits. Table 4 shows a data dword containing a single value, where the MSB is on
the left in bit 31 and tha LSB is on the right in bit 0.

Tabre~4 — Data dword containing a value

313029282726252423222120191817%&&131211109 8|7/6(5(4|3|2|1]|0

MSB Value LSB

Table 5 shows a data dword containing four one-byte fields, where byte 0 (the first byte)yis<an the left and Qyte
3 (the fourth byte) is on the right. Each byte has an MSB on the left and an LSB on the right.

Table 5 — Data dword containing four one-byte fields

31(30(29(28|27|26|25(24|23|22|21 (20|19|18 |17|16(15|14|13|12|11|10| 9|8 |7|6 |5 |4 |3 |2

ByteO  1sg|mse . BY€l 1 sg|mse _BY€2 g |vspg  BYe3

MSB " First byte) (Second byte) (Third byte) (Fourth byte)

3.8 Notation for procedures and functions

In this standard, the model for functional interfaces between objects is the callable procedure. Such interfaces
are specified using the following notation:

[Result =] Procedure Name (IN ([input-1] [,input-2] ...), OUT ([output-1] [,output-2] ...))

where:
A single value representing the outcome of the procedure or
Result ;
function.
Procedure Name: A descriptive name for the function to be performed.

A comma-separated list of names identifying caller-supplied input

IN (Input-1, Input-2, ...) data objects.

A comma-separated list of names identifying output data objects to

OUT (Output-1, Output-2, ) 0 etumed by the procedure.

[...] Brackets enclose optional or conditional parameters and arguments.

This notation allows data objects to be specified as inputs and outputs.
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——@ Author: elx-bmartin
Subject: Cross-Out
Date: 5/6/2008 4:07:48 PM
?REJECT (see response to "field" definition)

consisting of more than one bit

see other comments on one bit fields

/0 Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:08:34 PM
REJECT
rows, with
s/b
rows with

——@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

with
s/b

by
\ Author: RElliott

Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

non-sequentially increasing byte number

indicating

s/b

where a non-sequentially increasing byte number indicates

Since a 2-byte field will still have sequential increasing byte numbers, this needs to be worded to still cover that case.

\‘ Author: wdc-mevans

Subject: Highlight
Date: 5/25/2008 5:08:46 PM
ACCEPT - DONE

bit 31 and
s/b
bit 31, and

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:08:59 PM
ACCEPT - DONE

left and
s/b
left, and
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4 General
4.1 Architecture

4.1.1 Architecture overview

A SAS domain (see 4.1.9) contains one or more SAS devices and a service delivery subsystem. A SAS
domain may be a SCSI domain (see SAM-4).

A SAS device (see 4.1.6) contains one or more SAS ports (see 4.1.4). A SAS device may be a SCSI device
(see SAM-4).

A SAS port (see 4.1.4) contains one or more phys (see 4.1.2). A SAS port may be a SCSI port (see SAM-4).
The service delivery subsystem (see 4.1.8) in a SAS domain may contain expander devices (see 4.1.7).
Expander devices contain expander ports (see 4.1.4) and one SMP port.

An expander port contains one or more phys (see 4.1.2).

An expander device shares its phys with the SAS device(s) contained within the expander device.
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Figure 10 shows the class diagram for a SAS domain, showing the relationships between SAS Domain, SCSI
Domain, Service Delivery Subsystem, Expander Device, Expander Port, SAS Device, SCSI Device, SAS Port,
SCSI Port, and Phy classes. Not all attributes are shown.

SCSI Domain
1 Zﬁ SAS Domain
1 1
1
Service Delivery
Subsystem
1
0..*
Expander Device
1.* 1
; SAS Address [1] |
SCSI Device 1 1 SAS Address
SCSI Device Name —| 4 0. SAS Address 1
1 % SAS Devits SMP Port
[7/_—): Target [1]
1 2 198 Initiator [0..1]
- ~ o1
1..65 535 Expaxder Port
SCSI Port Attached SAS Address 1]

Relative Port Identifier < 1

SAS Port

SAS Address [1]
Attached SAS Address |1} Manages

1
Note: See SAM-4
for more details on 1.128 1.128 2128
SCSI domain, Phy
SCSI device, and
SCSI port. Phy Identifier (device scope) [1]

Figure 10 — SAS Domain class diagram

4.1.2 Physical links and phys

A physical link is a set of four wires used as two differential signal pairs. One differential signal transmits in
one direction while the other differential signal transmits in the opposite direction. Data may be transmitted in
both directions simultaneously.

A physical phy contains a transceiver which electrically interfaces to a physical link, which attaches to another
physical phy. A virtual phy contains a vendor-specific interface to another virtual phy.
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Author: Isi-bbesmer

Subject: Note

Date: 5/25/2008 5:39:55 PM

(— JACCEPT - DONE (This means phy identifiers are 0 through 254 with identifier 255 reserved, representing 1 through 255 possible

7 phys.

figure 10: changed 1..128 to 1..255
figure 10: changed 2.. to 2..255

figure 16: changed [0..128] to [0..255] (zero to 255 possible phys)
figure 16: changed 2..128 to 2..255

also figure 38: 0..128 to 0..255
also figure 38: 1..128 to 1..255
also figure 39: 1..128 to 1..255
also figure 39: 0..128 to 0..255

in figure 50, not table 50: 128 to 255, deleted two unnecessary sentences

)

| suggest we increase the number of allowed expander phys to 255.
Note: We need to reserve Phyldentifier OXFF (255) for SMP REPORT BROADCASTS special usage.

Changes needed:

Figure 10

Figure 16

Section 4.2.8 Phy identifiers shall be greater than or equal to 00h and less than 80h
Table 8 (7-bit value)

Table 50

\ Author: RElliott

Subject: Note
Date: 5/1/2008 8:07:46 PM
( AACCEPT - DONE

extend yellow underneath Service Delivery Subsystem, since that class is also defined in SAM-4. Add to Note in bottom of yellow.

"~~@ Author: RElloft

Subject: Highlight
Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

SCSI Device Name

add [1] to emphasize that SAS requires this attribute

\' Author: RElliott

Subject: Note
Date: 5/1/2008 8:07:46 PM
(— ACCEPT - DONE

—

add a Device Name [1] attribute to the SAS Device class

\' Author: RElliott

Subject: Highlight
Date: 5/1/2008 8:07:46 PM

Comments from page 35 continued on next page
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Figure 10 shows the class diagram for a SAS domain, showing the relationships between SAS Domain, SCSI
Domain, Service Delivery Subsystem, Expander Device, Expander Port, SAS Device, SCSI Device, SAS Port,
SCSI Port, and Phy classes. Not all attributes are shown.

SCSI Domain
1 Zﬁ SAS Domain =
1 1
1
Service Delivery
Subsystem @
1
0.*
Expander Device
1.* 1
; SAS Address [1] |
SCSI Device 1 1 SAS Address
SCSI Device Name SAS Address
1.* 0.* 1

1 % SAS Device / SMP Port
IV__I Target [1]

Initiator [0..1]
1 2128

0.1
1..65 535 Axpaﬁer Port

SCSI Port %hedy\s Address [1]

Relative Port Identifier
1..125/ / 1

? ZAS Port /
SASA%ess [1] /
Attaghed SAS Address [1] Manages
1
Note: See SAM-4

for more details on 1128 1.128 2.128

SCSI domain, / Phy
SCSI device, 24d

/
Phy Identifier (device scope) [1]

Figure /0 — SAS Domain class diagram

oneAdirection while the other diffgrential signal transmits in the opposite direction. Data may be transmitted in
POth directions simultaneously.

A physical phy contains a transceiver which electrically interfaces to a physical link, which attaches to another
physical phy. A virtual phy contains a vendor-specific interface to another virtual phy.
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Relative Port Identifier

add [1] to emphasize that SAS requires this attribute

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:40:28 PM

T REJECT (why replace one word with four that have the exact same dictionary meaning?)
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Phys are contained in ports (see 4.1.4). Phys interface to a service delivery subsystem (see 4.1.8).

Figure 11 shows two phys attached with a physical link.

Phy Phy
Transceiver ) o Physical link Transceiver
Differential signal pair \
transmitter _ /\ receiver

-Signal N / \ o
+Signal\/ >

Differential signal pair

receiver . ﬂ/ transmitter
-Signal

]
\

A

A

+Signal \/

Figure 11 — Physical links and phys

An attached phy is the phy to which a phy is attached over a physical link.

A device (i.e., a SAS device (see 4.1.6) or expander device (see 4.1.7)) contains one or more phys.

Each phy has:

a)
b)
c)
d)
e)
f)

)
h)

a SAS address (see 4.2.2), inherited from the SAS port (see 4.1.4) or expander device;
a phy identifier (see 4.2.8) which is unique within the device;

optionally, support for being an SSP initiator phy;

optionally, support for being an STP initiator phy;

optionally, support for being an SMP initiator phy;

optionally, support for being an SSP target phy;

optionally, support for being an STP target phy; and

optionally, support for being an SMP target phy.

A phy may be used as one or two logical phys based on multiplexing (see 6.10).

During the identification sequence (see 7.9), a logical phy:

a)

b)

transmits an IDENTIFY address frame including the device type (i.e., end device or expander device)
of the device containing the phy, the SAS address of the SAS port or expander device containing the
logical phy, and other information; and

receives an IDENTIFY address frame containing the same set of information from the attached logical
phy, including the attached device type, the attached SAS address, the attached device name, and
other attached information.

The transceiver follows the electrical specifications defined in 5.3. Phys transmit and receive bits at physical
link rates defined in 5.3. The physical link rates supported by a phy are specified or indicated by the following
fields in the SMP DISCOVER response (see 10.4.3.10), the SMP PHY CONTROL request (see 10.4.3.28),
and the Phy Control and Discover mode page (see 10.2.7.5):

c)
d)
e)
f)
9)

the NEGOTIATED PHYSICAL LINK RATE field;

the HARDWARE MINIMUM PHYSICAL LINK RATE field;

the HARDWARE MAXIMUM PHYSICAL LINK RATE field;

the PROGRAMMED MINIMUM PHYSICAL LINK RATE field; and
the PROGRAMMED MAXIMUM PHYSICAL LINK RATE field.

The bits are part of dwords (see 6.2.1), each of which has been encoded using 8b10b coding into four 10-bit
characters (see 6.2).

36
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Figure 12 defines the Phy classes, showing the relationships between the following classes:

a)
b)
c)
d)
e)
f)

9)
h)
i)

)

K)

Phy;

Logical Phy;

SAS phy;

Logical SAS Phy;
Expander Phy;
Logical Expander Phy;
SAS Initiator Phy;
SAS Target Phy;
SSP Phy;

STP Phy; and
SMP Phy.

SATA phys are also referenced in this standard but are defined by SATA (see SATZ2).

Phy
Phy identifier

[

SAS Phy

Physical Link Rate
Type = virtual, physical

N

Logical Phy /

Expander Phy

Logical Link Rat
Logical Phy Iden Aier

Physical Link Rate
Type = virtual, physical

Vi

Logical Expander Phy

SSP Phy SAS Initiator Phy

Role = initiator, target Protocol = SSP, STP, SMP
¢
1 Protocol

STP Phy SAS Target Phy

Role = initiator, target Protocol = SSP, STP, SMP
1 Protocol
—| 1.2 1.2

SMP Phy Logical SAS Phy

Role = initiator, target

Figure 12 — Phy class diagram

Figure 13 shows example objects instantiated from the SAS Phy class, including:

a)
b)
c)
d)
e)

f)

SSP initiator phy;

SSP target phy,

virtual SMP initiator phy;
virtual SMP target phy;
STP initiator phy;

logical SAS phy.
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A SAS phy is represented by one of these objects during each connection. A SAS phy may be represented by
different phy objects in different connections.

SSP initiator phy : SAS Phy
Physical Link Rate

Phy Identifier = x

Type = physical

Role = initiator

Protocol = SSP

SSP initiator phy : SAS Phy
Physical Link Rate

Phy Identifier = x

Type = physical

Role = initiator

Protocol = SSP

[
Logical SAS phy : Logical Phy Logical SAS phy : Logical Phy Logical SAS phy : Logical Phy
Phy Identifier = x Phy ldentifier = x Phy Identifier = x
Logical Phy Identifier = 0 Logical Phy Identifier = 0 Logical Phy Identifier = 1
Logical Link Rate Logical Link Rate Logical Link Rate
Protocol = SSP Protocol = SSP Protocol = SSP

SSP target phy : SAS Phy

Physical Link Rate
Phy Identifier = x
Type = physical
Role = target
Protocol = SSP

SSP target phy : SAS Phy
Physical Link Rate

Phy Identifier = x

Type = physical

Role = target

Protocol = SSP

Logical SAS phy : Logical Phy Logical SAS phy : Logical Phy Logical SAS phy : Logical Phy
Phy Identifier = x Phy Identifier = x Phy Identifier = x

Logical Phy Identifier = 0 Logical Phy Identifier = 0 Logical Phy Identifier = 1
Logical Link Rate Logical Link Rate Logical Link Rate

Protocol = SSP Protocol = SSP Protocol = SSP

Virtual SMP initiator phy : SAS Phy

Physical Link Rate
Phy Identifier = x
Type = virtual
Role = initiator
Protocol = SMP

Virtual SMP initiator phy : SAS Phy

Physical Link Rate
Phy Identifier = x
Type = virtual
Role = initiator
Protocol = SMP

|
Logical SAS phy : Logical Phy| |Logical SAS phy : Logical Phy Logical SAS phy : Logical Phy
Phy Identifier = x Phy Identifier = x Phy Identifier = x
Logical Phy Identifier =0 Logical Phy Identifier =0 Logical Phy Identifier = 1
Logical Link Rate Logical Link Rate Logical Link Rate
Protocol = SMP Protocol = SMP Protocol = SMP

Virtual SMP target phy : SAS Phy

Physical Link Rate
Phy Identifier = x

Virtual SMP target phy : SAS Phy

Physical Link Rate
Phy Identifier = x

Type = virtual Type = virtual
Role = target Role = target
Protocol = SMP Protocol = SMP —‘
|
Logical SAS phy : Logical Phy| |Logical SAS phy : Logical Phy Logical SAS phy : Logical Phy
Phy Identifier = x Phy Identifier = x Phy Identifier = x
Logical Phy Identifier = 0 Logical Phy Identifier = 0 Logical Phy Identifier = 1
Logical Link Rate Logical Link Rate Logical Link Rate
Protocol = SMP Protocol = SMP Protocol = SMP

Figure 13 — SAS phy object diagram
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Figure 3 shows the objects instantiated from the Expander Phy class, including:

a) expander phy;
b) virtual expander phy; and
c) logical expander phy.

Expander phy : Expander Phy

Physical Link Rate
Phy Identifier = x
Type = physical

Logical expander phy : Logical Phy

Phy Identifier = x
Logical Phy Identifier =0
Logical Link Rate

Expander phy : Expander Phy

Physical Link Rate
Phy Identifier = x
Type = physical

Logical expander phy : Logical Phy Logical expander phy : Logical Phy
Phy Identifier = x

Logical Phy Identifier = 1

Logical Link Rate

Phy Identifier = x
Logical Phy Identifier = 0
Logical Link Rate

Virtual expander phy : Expander Phy
Physical Link Rate

Phy Identifier = x

Type = virtual

Logical expander phy : Logical Phy
Phy Identifier = x

Logical Phy Identifier = 0

Logical Link Rate

Virtual expander phy : Expander Phy
Physical Link Rate
Phy Identifier = x

Type = virtual

Logical expander phy : L ogical Phy Logical expander phy : L ogical Phy
Phy Identifier = x

Phy Identifier = x
Logical Phy Identifier = 0 Logical Phy Identifier = 1
Logical Link Rate Logical Link Rate

Figure 14 — Expander phy object diagram
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4.1.3 Logical links

A physical link with a physical link rate greater than 1.5 Gbps may be multiplexed into two logical links as
defined in table 6.

Table 6 — Logical links

Physical link rate | Logical link(s)

One 6 Gbps logical link

6 Gbps
Two 3 Gbps logical links
One 3 Gbps logical link

3 Gbps
Two 1.5 Gbps logical links

1.5 Gbps One 1.5 Gbps logical link Pl

Multiplexing is defined in 6.10.

4.1.4 Ports (narrow ports and wide ports)

A port contains one or more phys. Ports in a device are assog znysical phys based on the

7ated with

A port is a wide port if there are
in the port.

address frame) is outside the scope of this standard.

Phys that are able to become part of the same wide port sha4-s&t the DEVICE TYPE field, BREAK_REPLY CAPABLE
bit, SSP INITIATOR PORT bit, STP INITIATOR PORT bit, S®P INITIATOR PORT bit, SSP TARGET PORT bit, STP TARGET
PORT bit, SMP TARGET PORT bit, and SAS ADDRESS field in the IDENTIFY address frame (see 7.8.2) transmitted
during the identification sequence to the same set of values on each phy in the wide port. Recipient wide ports
are not required to check the consistency of these fields across their phys.
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Figure 15 shows examples of narrow ports and wide ports, with a representation of the SAS address
transmitted during the identification sequence. Although several phys on the left transmit SAS addresses of B,
only phys attached to the same SAS addresses become part of the same ports. The set of phys with SAS
address B attached to the set of phys with SAS address Y become one port, while the set of phys with SAS
address B attached to the set of phys with SAS address Z become another port.

Narrow link
Narrow port Narrow port
SAS address A N
phy | Physical link phy
SAS address X
SAS address B Widﬁ link
/\ -
phy | Physical link| | ohy
v SAS address Y
Wide port : : . Wide port
SAS address B A
phy | Physical link | | ™ phy
A Vo SAS address Y
SAS address B Wi(}l\e link
/\ | .y
phy Physical link | | ohy
B SAS address Z
Wide port : : . Wide port
SAS address B
/\ | -
phy | Physical link | | ohy
vV SAS address Z

Each horizontal line represents a differential signal pair
Figure 15 — Ports (narrow ports and wide ports)

In figures in this standard that show ports but not phys, the phy level of detail is not shown; however, each port
always contains one or more phys.

Figure 16 defines the Port classes, showing the relationships between the following classes:

a) Port;

b) Expander Port;

c) SAS Port;

d) SAS Initiator Port;
e) SAS Target Port;
f) SSP Port;

g) STP Port; and

h) SMP Port.
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)
SAS address

/

Port Expander Device
SAS Address[1]
AN
1 SAS addressg
2..128
Expander Port
SAS Port
SAS Address[1]
Attached SAS Address|[1] 1
\ /
oiS Inm’ poy— SMP Port T SMP Port
— ator o Target[0..128] Target[1]
Protocol[1] = SSP, STP, SMP _|Initiator[0..128] Initi20..1]
/
[ L7 |ConnectiopZ
SAS Target Port e |
Protocol[1] = SSP, STP, SMP |~/ / STP Pox
it Plarget[0-128]
7 - |nisiator(0..128]
Z X Connection()
{There shall be at least onetdrget |
attribute or one initiator attributz SSP Port

per phy contained within-€ach
instance of a port}

Target[0..1]
Initiator[0..1]

Connectizi)

{There shalls€ at least one
target atiribute or one

AN

{The number of connection operation
reduests shall he no agreater than

/B

initiator &trisuie witin
each instance of the SSP port}——1___|

the number of phys contained ithin the
port for each instance of a port}

Figure 16 — Port class diagram

Figure 17 shows the objects instantiated from the Port classes:

a)
b)

SAS Target Port class (i.e., SSP target port, STP target port, SMP target port);
SAS Initiator Port class (i.e., SSP initiator port, STP initiator port, SMP initiator port);

c) STP Port class (i.e., STP initiator port, STP target port, STP port);

d)
e)

SMP Port class (i.e., SMP initiator port, SMP target port, SMP port);
SSP Port class (i.e., SSP initiator port, SSP target port, SSP port);

f) Expander Device SMP Port class (i.e., SMP target port, SMP port); and

9)

42

Expander Port class (i.e., expander port).
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the phvs within the port.

Port objects remain instantiated even when ss-ssaresticn-ic cnon an anv of

Valid objects for the
SAS Initiator Port class

Valid objects for the
SAS Target Port class

SSP initiator port : SAS Initiator Port

SSP target port : SAS Target Port

SAS Address
Attached SAS Address
Protocol = SSP

SAS Address
Attached SAS Address
Protocol = SSP

STP initiator port : SAS Initiator Port

STP target port : SAS Target Port

Valid objects for the
Expander Device
SMP Port class

SMP target port : SMP port

Target

SMP port : SMP Port

Target

Initiator

SAS Address
Attached SAS Address
Protocol = STP

SAS Address
Attached SAS Address
Protocol = STP

SMP initiator port : SAS Initiator Port

SMP target port : SAS Target Port

Valid object for the
Expander Port class

SAS Address
Attached SAS Address
Protocol = SMP

SAS Address

Expander port : Expander Port

Attached SAS Address

Protocol = SMP

SAS Address
Attached SAS Address

Valid objects
for the SSP Port class

Examples of valid objects
for the STP Port class

Examples of valid objects
for the SMP Port class

SSP target port : SSP Port STP target port : STP Port SMP target port : SMP Port
SAS Address SAS Address SAS Address
Attached SAS Address Attached SAS Address Attached SAS Address
Target TargetO1 Target
Target02
SSP initiator port : SSP Port STP initiator port : STP Port SMP initiator port : SMP Port
SAS Address SAS Address SAS Address
Attached SAS Address Attached SAS Address Attached SAS Address
Initiator Initiator InitiatorO1
Initiator02
SSP port : SSP Port STP port : STP Port SMP port : SMP port
SAS address SAS Address SAS Address
Attached SAS address Attached SAS Address Attached SAS Address
Initiator TargetO1 TargetO1
Target Target02 Target02
Initiator Initiator01
Initiator02

Figure 17 — Port object diagram

4.1.5 Application clients and device servers

This standard defines the following application clients:
a) a SCSI application client (see SAM-4) is the source of SCSI commands and task management

function requests. A SCSI application client uses an SSP initiator port to interface to a service delivery

subsystem;
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b) an ATA application client (see ATA8-AAM) is the source of ATA commands and device management
operation requests. An ATA application client uses an STP initiator port to interface to a service
delivery subsystem; and

c) a management application client is the source of management function requests. A management
application client uses an SMP initiator port to interface to a service delivery subsystem.

This standard defines the following device servers:

a) a SCSI device server (see SAM-4) processes SCSI commands. A SCSI device server ys«s an SSP
target port to interface to a service delivery subsystem;

b) an ATA device server (see ATA8-AAM) processes ATA commands. An device sérver uses an STP
target port to interface to a service delivery subsystem; and

c) a management device server processes management functions. A management device server uses

an SMP target port to interface to a service delivery subsystem;

us

4.1.6 SAS devices

A SAS device contains one or more SAS ports, each containing oms
narrow port or a wide port).

_".vamples of SAS devices with different port and phy configurations.
ME\ Device

ar more phys (i.e., a SAS port may be a

Narrow port \\ Narrow port
—
h Py~
pny - pny \\
Device
. N
phy phy
walt
Wide port Wide port
>
phy phy
el
Device
=
phy phy
4.}7
Wide port : Wide port
phy phy
-

Each horizontal line represents a differential signal pair

Figure 18 — SAS devices
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An end device is a SAS device that is not contained in an expander device (see 4.1.7).

4.1.7 Expander devices

Expander devices are part of a service delivery subsystem and facilitate communication between multiple

SAS devices. Expander devices contain two or more external expander ports. Each expander device contains
one SMP target port and one management device server, contains one SMP initiator port and one

management application client if it is self-configuring and may contain one SMP initiator port and one
management application client if it is not self-configuring, and may contain SAS devices (e.g., an expander

device may include an SSP target port for access to a logical unit with a peripheral device type set to 0Dh (i.e.,
enclosure services device) (see SPC-4 and SES-2)).

Figure 19 shows an expander device.

Expander device

Expander device’'s SAS address

is used by each expander phy

' SAS device (internal/
Expander port optional)
(internal/
optional) SAS port
T o e |
(virtual) — (virtual)
A
A A A 4

Expander function

PR gty Spepp vty b s £
I

! ETEIEETIE! Management
| application :

I : : device server
| client (if any)

I

| i 3

: SMP initiator || SMP target
I port (if any) port

I A A

! A 4 v

I

I

SAS

address

AAA*
I *t

L —— —
Expander device’s
SAS address is
used by each

ander port
p v p

'J
Expander
phy

expander phy

A

STP/SATA bridge
(internal/optional)

Expander port
(narrow port)

> Expander

SAS address

7y
L

phy

Either SSP, STP or SMP

AS initiator ports, SAS target ports, or
expander ports

SATA device
port

)

Figure 19 — Expander device

See 4.6 for a detailed model of an expander device.
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Figure 20 defines the Expander Device class.

Expander Device
SAS Address

0..n 0..n
attaches to

Each expander phy has one of the following routing attributes (see 4.6.7.1):

a) direct routing attribute;
b) table routing attribute; or
c) subtractive routing attribute.

Expander devices with exgangerhycwith the tahla routing attribute contain &mn expander route table (see
4.6.7.3). An externally configurable expander device depends on a management appicaser-client within the
SAS domain to use the discover process (see 4.7) and the configuration subprocess (see 4.8) to configure e
expander route table. A self-configuring expander device contains a management application client and an
SMP initiator port to perform the discover process (see 4.7) to configure its own expander route table.

4.1.8 Service delivery subsystem
A service delivery subsystem is either:

a) a set of physical links between a SAS initiator port and a SAS target port; or
b) a set of physical links and expander devices, supporting more than two SAS ports.

See 4.1.10 for rules on constructing service delivery subsystems from multiple expander devices.

4.1.9 Domains
Figure 21 shows examples of SAS domains and ATA domains.
(SSP\(I [ | \KSATA\fATA\fATA\
initiator SSP STP ~SMP host domain domain
port initiator initiator initiator port SATA SATA
A port(s) port(s) port(s) 7y host host
port port

SATA SATA

Service delivery

SATA

SsP subsystem
with expander \—| SATAport |~/
devices ~1 selector
A 4 SATA
SSP
target ' ' ' v
ort SSP STP SMP SATA SATA
P target target target device device
SAS port(s) port(s) port(s) port port
domain i i f
S JAS SAS domain ) \ATA domamj ATA domain

Note: When expander devices are present, SAS target ports may be
located in SAS devices contained in expander devices.

Figure 21 — Domains
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Author: RElliott

Subject: Cross-Out

Date: 5/1/2008 8:07:46 PM
?ACCEPT - DONE

Delete Figure 20 — Expander Device class diagram

This is not useful any more, now that fanout/edge expanders are gone. There is no "attaches to" link shown for SAS Devices in any
other figure, so there is no need to show that for Expander Devices.

Author: wdc-mevans
Subject: Highlight

Date: 5/25/2008 5:46:19 PM
IT‘ACCEPT - DONE

contain
s/b
also contain

——@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:46:09 PM
TACCEPT - DONE

with
s/b
containing
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Figure 22 shows a SAS domain bridging to one or more ATA domains.

-

SSP
initiator
port(s)

I
STP
initiator

port(s)

I
SMP
initiator

port(s)

Service delivery
subsystem
with expander
devices

~

~

STP

STP/SATA
bridge(s)

SATA device
port

STP SMP
target target
port(s) port(s) port(s)
SAS domain

L ATA domain

J

Figure 22 — SAS domain bridging to ATA domains
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Figure 23 shows two SAS domains bridging to one or more ATA domains containing SATA devices with SATA
port selectors.

48

N

-

N 7

~

[ [ [
SSP STP SMP
initiator initiator initiator

port(s) port(s) port(s)

port(s)

Service delivery
subsystem
with expander
devices

SMP

[ [ [
SSP STP SMP
initiator initiator initiator

port(s) port(s)

Service delivery

with expander

subsystem

devices SMP

I
SSP STP SSP STP port(s)
target target target target
port(s) port(s) port(s) port(s)
STP STP
SAS domain D, | SAS domain )
STP/SATA STP/SATA
bridge(s) T\ bridge(s) |
ATA SATA¢ ¢SATA ATA
domain(s) domain(s)
SATA port

selector N

SATA ¢

SATA device

ATA domain(s) J

Figure 23 — SAS domains bridging to ATA domains with SATA port selectors
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Figure 24 shows SAS initiator devices and SAS target devices with SAS ports in the same SAS domains and
in different SAS domains. When a SAS device has ports in different SAS domains, the ports may have the
same SAS address (see 4.2); when its ports are in the same SAS domain, they shall have different SAS
addresses.

N\ [

SAS initiator SAS initiator SAS initiator SAS initiato
device device device device
Initiator Initiator Initiator Initiator Initiator Initiator

port port port port port port
/// \
< Expander devices > Expander devices
R — -
Target Target Target Target Target Target
port port port port port port

SAS target SAS target SAS target SAS target

device device device device
SAS domain t SAS domain

Figure 24 — Devices spanning SAS domains
4.1.10 Expander device topologies

4.1.10.1 Expander device topology overview
More than one expander device may be part of a service delivery subsystem.

To avoid an overflow of an expander route index during the configuration subprocess (see 4.8), a SAS domain
containing an externally configurable expander device shall be constructed such that the number of expander
route indexes available for each expander phy with the table routing attribute is greater than or equal to the
number of SAS addresses addressable through that expander phy.

4.1.10.2 Expander device topologies

Figure 25 shows an example of an expander topology with one expander device.

Service delivery subsystem

End device D D End device
End device Expapder End device
device
End device D D End device

D = direct routing method

Figure 25 — Single expander device topology example
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Figure 26 shows examples of expander topologies with multiple expander devices.

Service delivery subsystem

28 January 2008

End device D D End device
End device Expapder Expapder End device
device device
End device D D End device
Service delivery subsystem
End device D End device
End device D Expapder Expapder Expapder End device
device device device
End device D D D End device
End device End device
Service delivery subsystem
End device D End device
End device D Expapder Expa_nder Expapder End device
device device device
End device D D D End device
End device End device
Service delivery subsystem
End device D End device
End device Expapder Expapder Expapder End device
device device device
End device D T End device
End device D T End device
End device Expander Expapder Expander End device
device device device
End device D D D End device
Routing methods End device End device
D = direct
T = table

S = subtractive
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Figure 26 — Multiple expander device topologies
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4.1.11 Pathways
A potential pathway is a set of logical links between a SAS initiator phy and a SAS target phy. When a SAS

initiator phy is directly attached to a SAS target phy with a non-multiplexed physical link,4"=reis one potential
pathway. When the physical link is multiplexed or there are expander devices between a SAS initiator phy and
a SAS target phy, it is possible that there is more than one potential pathway, each consisting of a set of

logical links between the SAS initiator phy and the SAS target phy. The physical links may or may not be using

the same physical link rate.

A pathway is a set of logical links between a SAS initiator phy and a SAS target phy being used by a
connection (see 4.1.12).

Figure 27 shows examples of potential pathways.

SAS phy SAS phy
Expander device
1
SASphy 15 » Expander phy Expander phy L SAS phy
SASphy = —‘ Expander phy | \ Expander phy | >  SAS phy
Key:
<—= Single physical link Potential Pathway

Figure 27 — Potential pathways

A partial pathway is the set of logical links participating in a conne
connection response (see 7.12).

ztion request that haverstyet corveyed a

A partial pathway is blocked when path resources it 7&quires axe+ield by another partial pathway {see 7.12).

4.1.12 Connections

A connection is a temporary assafiaticasetween a SAS initiator phy and a SAS target phy. During a
connection all &words 77om the SAS initiator phy are forwarded to the SAS target phy, and all dwords from the
SAS target phy are forwarded to the SAS initiator phy.

PR PR [ [ T 1 a8

A connection is pending when an OPEN address frame k&s5eeiaenvercu aionyg a cormpre
destination phy but the destination phy has not yet responded to the connection request. A connection is
established when an OPEN_ACCEPT is received by the source phy.

wiav to the

TCu o

A connection enables communication for one protocol: SSP, STP, or SMP. For SSP and STP, connections
may be opened and closed multiple times during the processing of a command (see 7.12).

The connection rate is the effective rate of dwords through the pathway between a SAS initiator phy and a
SAS target phy, established through the connection request. Every logical phy shall support a 1.5 Gbps
connection rate regardless of its logical link rate.

No more than one connection is active on a logical link at a time. If the connection is an SSP or SMP
connection and there are no dwords to transmit associated with that connection, idle dwords are transmitted.
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——@ Author: wdc-mevans
Subject: Highlight
Date: 6/3/2008 7:05:57 PM
T REJECT (There are 22 uses of "directly." Both "directly attached" and "attached directly" appear. Arguably, some of them could be
dropped. However, some of them provide emphasis that they're discussing devices directly attached vs attached behind some
(other) expander. I'm inclined to leave them alone.)

Global

directly attached to a SAS target phy with a non-multiplexed physical link

s/b

attached to a SAS target phy via a non-multiplexed physical link (i.e., without any expander devices in the service delivery
subsystem)

[It might be best to put "directly attached" in the definitions clause. These terms are used often, and never clearly defined.]

Author: Isi-bbesmer

Subject: Highlight

Date: 5/25/2008 5:48:07 PM

T REJECT (waiting on a fully established connection is not considered "blocked" - that's only for partials waiting on partials)

another partial pathway
s/b
another pathway or partial pathway

or perhaps

another connection or partial pathway

/O Author: RElliott
Subject: Highlight
Date: 5/8/2008 6:25:53 PM
ACCEPT - DONE
it
s/b
that it

Author: Isi-bday
— Subject: Highlight

Date: 6/3/2008 7:25:03 PM
IT‘ACCEPT - DONE (yes - ", all non-deletable dwords")

dwords

Does this sentence need a small caveat to allow for deletable primitives to not be forwarded?

——@ Author: Isi-bbesmer
Subject: Highlight
Date: 6/3/2008 7:24:50 PM
IT‘ACCEPT - DONE (", all non-deletable dwords")

Not all dwords are necessarily forwarded (ie. all Deletable Primitives, Broadcast Primitives, etc).

—@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:48:28 PM
T REJECT (added sentence instead: "A source phy transmits an OPEN address frame (see 7.8.3) specifying the SAS address of a

destination phy to attempt to establish a connection.")
OPEN address frame

s/b
OPEN address frame (see [insert cross reference]) from a phy attempting to establish a connection (i.e., the source phy)

Comments from page 51 continued on next page
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4.1.11 Pathways

A potential pathway is a set of logical links between a SAS initiator phy and a SAS target phy. When a SAS
initiator phy is directly attached to a SAS target phy with a non-multiplexed physical link, there is one potential
pathway. When the physical link is multiplexed or there are expander devices between a SAS initiator phy and
a SAS target phy, it is possible that there is more than one potential pathway, each consisting of a set of
logical links between the SAS initiator phy and the SAS target phy. The physical links may or may not be using
the same physical link rate.

A pathway is a set of logical links between a SAS initiator phy and a SAS target phy being used by a
connection (see 4.1.12).

Figure 27 shows examples of potential pathways.

SAS phy = SAS phy
Expander device
} p,
SAS phy | » Expander phy Expande% . o SAS phy
/
/
SASphy = | Expander phy | \Aﬂder phy - // SAS phy

Key:

< * Single physical link

Figur# 27 — Potential pathways

A partial pathway is the set of logical lip&s participating in a conzection request that have yot yet conveyed a
connection response (see 7.12).

A partial pathway is blocked whep/path resources it requigés are held by another part/al pathway (see 7.12).

4.1.12 Connections

A connection is a temporgfy association between Z SAS initiator phy and a SA% target phy. During a
connection all dwords frdm the SAS initiator phy/Are forwarded to the SAS target phy, and all dwords from the
SAS target phy are fofwarded to the SAS initigdor phy.

A connection is pending when an OPEN agdress frame has been delivergd along a completed pathway to the,
destination phy %ut the destination phy h4s not yet responded to the co/inection request. A connection is
established when an OPEN_ACCEPT 7 received by the source phy.

A connection enables communication for one protocol: SSP, STP, ¢gf SMP. For SSP and STP, connections
may be opened and closed multiple times during the processing #f a command (see 7.12).

The connection rate is the effective rate of dwords through the pathway between a SAS initiator phy and A
SAS target phy, established through the connection request. £very logical phy shall support a 1.5 Gbps
connection rate regardless of its logical link rate.

No more than one connection is active on a logical link at a time. If the connection is an SSP or SMP
connection and there are no dwords to transmit associated with that connection, idle dwords are transmitted.
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Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:48:54 PM
REJECT (Added a sentence instead - "A source phy transmits an OPEN address frame (see 7.8.3) specifying the SAS address of a

destination phy to attempt to establish a connection.")

destination phy
s/b
phy with which the source phy is attempting to establish a connection (i.e., the destination phy),

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:48:42 PM

IT‘ACCEPT DONE (Changed to "when the source phy receives an OPEN_ACCEPT (see 7.x) from the destination phy.")

OPEN_ACCEPT
s/b
OPEN_ACCEPT (see [insert cross reference]) transmitted from the destination phy

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:49:14 PM

T REJECT (this is section 4.1.12, just a broad introduction to the concept of connections; the details are in chapter 7)

through the connection request.
s/b
during the connection request (i.e., the connection rate value contained in the OPEN address frame)...

Author: Isi-gpenokie

Subject: Highlight

Date: 5/25/2008 5:49:37 PM

T REJECT (Yes, this is still true. This is the connection rate (covered by chapter 7 rate matching), not the physical link rate (covered

by chapter 5 physical layer - SAS-2 does still require 1.5 Gbps be supported) or the logical link rate (covered by chapter 6
multiplexing). The connection rate of 1.5 Gbps will probably be required forever.)

Is this still true in SAS-2? Even it is, this does not seem like the correct place to specify it as there a many more words in the
physical sections.
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If the connection is an STP connection and there are no dwords to transmit associated with that connection,
then SATA_SYNCs, SATA_CONTSs, or vendor-specific scrambled data dwords are transmitted as defined in
SATA-2. If there is no connection on a logical link then idle dwords are transmitted.

The number of connections established by a SAS port shall not exceed the number of SAS logical phys within
the SAS port (i.e., only one connection per SAS logical phy is allowed). There shall be a separate connection
on each logical link.

If multiple potential pathways exist between the SAS initiator port(s) and the SAS target port(s), multiple
connections may be established by a SAS port between the following:

a) one SAS initiator port to multiple SAS target ports;
b) one SAS target port to multiple SAS initiator ports; or

c) one SAS initiator port to one SAS target port.
Once a connection is established, the pathway used for that connecticzsnall not Wed (i.e., all the
logical links that make up the pathway remain dedicated totseconnection until it 5 closed).

Figure 28 shows examples of connections ketween wide and narrow norts All the connections shown may
occur simultaneously. Adciaoraily.—

v,

a) the connections Iabeled-u.
SAS target ports;

b) the connections Iabeled-::re an example of one SAS targers
SAS initiator ports;

c) the connections labeled E and F are an exampre~af multiple connections between one SAS it
port and one SAS target port; and

d) the connections labeled C, D, E, and F are an example of one~SAS initiator port with connections to
multiple SAS target ports with one of those SAS target ports having muitinle connections with that
SAS initiator port.

2 an example of one SAS initiator port with connections to multiple

« with connections to multiple

star
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Author: RElliott
/ Subject: Highlight
Date: 5/8/2008 6:28:05 PM
ACCEPT - DONE
it
s/b
the connection

___—@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:50:41 PM
T REJECT

Additionally
s/b
In addition:

——@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:49:58 PM
T REJECT (why replace one word with 4 that have the exact same dictionary meaning?)

simultaneously
s/b
at the same time

@ Author: stx-ghoulder
Subject: Highlight
Date: 5/6/2008 4:07:48 PM
iACCEPT - DONE (A, B, and C all originate from one initiator port, so should all be listed)

Aand B

A and B seem to be examples of one initiator port attached to one target port (wide link). | think you mean B and C as an example
of one initiator port attached to multiple target ports.

\' Author: stx-ghoulder

Subject: Highlight
Date: 5/6/2008 4:07:48 PM
iACCEPT - DONE (deleting this item, since it is no longer accurate after the figure was changed for multiplexing)

AandC

This seems to illustrate one SAS initiator port with connections to multiple SAS target ports. D and E illustrates connection to
multiple initiator phys, but they might still the same initiator port.
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SAS initiator Expander device SAS target device
device
A 1.5 Gbps Expander port Expander port A
Phy [« I —— Expander phy Expander phy [« o —— Phy SAS
SAS 1.5 O] 1.5 Fﬂrps target
port
Initiator / \ } - 5
port Phy <1 —* Expander phy/’ Expander phy — Phy
- 3 Ghps
BC 6 Gbps
c SAS
) /\ Expander phy [« > Phy targer:
Phy <117 Expander phy 3 Gbps ps
3Gb Expander port
‘ Expander port
3Gb | . N E—
. Phy < > Expander phy =T | Expander phy |«
6 G
SAS Expander port
Initiator Target device
port Expander port
F
Phy < > Expander ph
Y 3Ghb P pny { Expander phy </ \ ™ Phy | G
SAS
/ target
© = port
Phy < —| Expander phy \ Expand/r phy [« ™ Phy | F
6 Gbps // 3 Gb\fSS
/
Key: < Single physical link O Wide link X X Zonnection — Multiplexing

Note: The expander device, each SAS initiator port, And each SAS target port has a unique SAS
address. Connections D and E represent a wide SAS initiator port with two simultaneous
connections to a narrow SAS target port supporihg multiplexing. Connections F and G represent a
wide SAS initiator port with two simultaneous gonnections to a wide SAS target port.

Figure 28 — Mydtiple connections on wide ports

4.1.13 Broadcasts

Broadcasts are used to notify all phys f the SAS domain about certain events. Broadcasts are transmitted
using BROADCAST (see 7.2.6.4) and/or the SMP ZONED BROADCAST function (see 10.4.3.20).
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Author: Isi-bbesmer

Subject: Highlight

Date: 5/25/2008 5:51:17 PM

IT‘ACCEPT - DONE (changed "all phys" to "SAS ports and expander devices".

An expander device only needs to forward a Broadcast on one phy of a wide port, so "phys" is too narrow.
The term "ports" covers both "SAS ports" (which is correct) and "expander ports" (which is incorrect) - if expander A forwards a
Broadcast to expander B, it is not necessarily going to reach every expander port in expander B. The expander device (specifically

the BPP) is the terminus.

With zoning, the word "all" is no longer true, as only ports in affected zones will receive Broadcasts. Deleting the word "all" seems
sufficient to fix this.

Also making a similar change in 7.2.6.4
)

logical phys??

ports??
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Table 7 defines the Broadcast types.

Table 7 — Broadcast types (part 1 of 2)

Broadcast Primitive 2 | Description
Originated by an expander device to notify SAS initiator postsTthat a SAS
Broadcast . Y
(Change) yes domain change has occurred (see 7.11). May also5€ originated by SAS
initiator ports. Ignored by SAS target ports.
Broadcast Reserved. SAS ports (i.e, SAS initiator ports and SAS target ports) shai
(Reserved yes .
process this Broadcast the same as Broadcast (Change).
Change 0)
Broadcast Reserved. SAS ports shall process this Broadcast the same as
(Reserved yes Broadcast (Change)
Change 1) 9e).
Originated by a logical unit with a peripheral device type set to 0Dh (i.e.,
enclosure services device) (see SPC-4 and SES-2) accessible through a
SAS target port in the SAS domain to notify SAS initiator ports of an
asynchronous event.
Broadcast
(SES) yes
SSP initiator ports should poll all the logical units in the SAS domain with
peripheral device types set to 0Dh to determine the source. h
SAS target ports shall ignore this Broadcast.
Originated by an expander device to notify SAS initiator ports that an
expander event has occurred, including:
a) the expander device is temporarily going to have reduced fynctionality
for a period of time (see 4.6.8);
Broadcast es b) a phy event peak value detector has reached its threshold valuexor
(Expander) y c) a phy event peak value detector has been cleared by an SMP
CONFIGURE PHY EVENT function (see 10.4.3.30). b
Expander events do not include SAS domain changes, which are
communicated with Broadcast (Change). [:]
— v
Originated by an SSP target port when an event octyts that causes one
or more unit attention conditions to be established for one~ar more logical
units accessible through the SSP target port.
Broadcast
(Asynchronous | yes o
Event) An SSP target port shall only originate one Broadcast (Asynchronous
@ Event) for each event that affects multiple logical units accessible through
the SSP target port (e.g., only one Broadcast (Asynchronous Event) is
originated when a hard reset occurs).
a All Broadcasts are supported by the SMP ZONED BROADCAST function (see 10.4.3.20), which defines
additional reserved Broadcast types. Broadcasts labeled “yes” are also transmitted via BROADCAST
primitive sequences (see 7.2.6.4).

\

/

Vi
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Author: Isi-bbesmer
Subject: Highlight

Date: 5/25/2008 6:38:06 PM
IT‘ACCEPT - DONE

Ignored by SAS target ports.
s/b
SAS target ports shall ignore this Broadcast.

(Same as Broadcast(SES))

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:51:35 PM

T REJECT (Deletable primitives are not required to make it across the elasticity buffer; that is not the case for BROADCAST

primitives. "Ignored" just means the state machines ignore them. Broadcasts don't always arrive in primitives, either, with the
ZONED BROADCAST function - that's why they're mixed case Broadcasts rather than all-caps BROADCASTSs now. Defining their
handling as the same as deletable primitives wouldn't make sense.)

Global

Ignored by SAS target ports.

s/b

SAS target ports shall ignore this primitive (i.e., a target port shall process the primitive the same as a deletable primitive).
[There are several places in this table where it is defined that a port shall ignore a primitive when what is meant is that the port shall
process the primitive the same as a deletable primitive. There are several solutions:

a) add the "i.e." as in this recommended change for each occurrence;

b) replace "ignored" with "process the same as a deletable primitive"; or

c) add the keyword "ignored" and define it as "process the same as a deletable primitive".

Item (b) is probably the safest as you wouldn't know how or where else "ignored" may be used without a big search, and item (b)
would require fewer words overall.]

Author: elx-bmartin

Subject: Highlight

Date: 5/25/2008 5:51:51 PM

TACCEPT DONE (changed to "A SCSI application client should...". as it's not something that the port layer or SSP link layer does

on its own.)

SSP initiator ports should poll all the logical units in the SAS domain with
peripheral device types set to 0Dh to determine the source.

Why should SSP initiator ports poll? Isn't this the responsibility of a specific management application?

Author: wdc-mevans

Subject: Highlight

Date: 5/25/2008 5:52:39 PM

IT‘ACCEPT - DONE (just deleting temporarily, leaving "going to have reduced". It has not actually started reducing anything yet.)

temporarily going to have reduced
s/b
reducing

Author: Isi-bbesmer

Subject: Note

Date: 5/25/2008 5:52:58 PM

(= ACCEPT - DONE (For Broadcast (Asynchronous Event), added "SAS ports other than SSP initiator ports shall ignore this

7" Broadcast." For Broadcast (Expander), added "SAS target ports shall ignore this Broadcast.")
Should this also have this text?

SAS target ports shall ignore this Broadcast.

Comments from page 54 continued on next page
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Table 7 defines the Broadcast types.

Table 7 — Broadcast types (part 1 of 2)

Broadcast Primitive 2 | Description
Originated by an expander device to notify SAS initiator ports that a SAS
Broadcast . -
(Change) yes qualn change has occurred (see 7.11). May also be originated by SAS
initiator ports. Ignored by SAS target ports.
Broadcast Reserved. SAS ports (i.e, SAS initiator ports and SAS target ports) shall
(Reserved yes .
process this Broadcast the same as Broadcast (Change).
Change 0)
Broadcast Reserved. SAS ports shall process this Broadcast the same as
(Reserved yes Broadcast (Change)
Change 1) '
Originated by a logical unit with a peripheral device type set to 0Dh (i.e.,
enclosure services device) (see SPC-4 and SES-2) accessible througkva
SAS target port in the SAS domain to notify SAS initiator ports of g4
asynchronous event.
Broadcast
(SES) yes - . o , .
SSP initiator ports should poll all the logical units in the SAS domain with
peripheral device types set to 0Dh to determine the sgurce.
SAS target ports shall ignore this Broadcast.
Originated by an expander device to notify”SAS initiator ports that/an
expander event has occurred, including’
a) the expander device is temporagy going to have reduced fur/ctionality
for a period of time (see 4.6,%);
Broadcast b) a phy event peak value d#tector has reached its threshold/value; or
(Expander) yes c) a phy event peak valugZdetector has been cleared by an 5SMP
CONFIGURE PHY ZVENT function (see 10.4.3.30).
Expander events #0 not include SAS domain changes, whjch are
communicated #ith Broadcast (Change). g}
Originated 4y an SSP target port when an g(/;nt occurs (hat causes one
or moreAnit attention conditions to be established for one or more logical
unitsAccessible through the SSP target port.
Broadcast
(Asynchronous | yes
Event) — /An SSP target port shall only originate one Broadcast (Asynchronous
2~ Event) for each event that affects multiple logical units accessible through
the SSP target port (e.g., only one Broadcast (Asynchronous Event) is
originated when a hard reset occurs).
a All Broadcasts are supported by the SMP ZONED BROADCAST function (see 10.4.3.20), which defines
additional reserved Broadcast types. Broadcasts labeled “yes” are also transmitted via BROADCAST
primitive sequences (see 7.2.6.4).
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Author: RElliott

Subject: Highlight

Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

event occurs
s/b
event occurs (e.g., a hard reset)

to help alleviate an Isi-bbesmer comment on 4.4.2

Author: RElliott
Subject: Note
Date: 5/1/2008 8:07:46 PM

L/_JACCEPT - DONE

fix formatting of last paragraph in Broadcast (Asynchronous Event) description
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Table 7 — Broadcast types (part 2 of 2)

Broadcast Primitive 2 | Description

Broadcast es Reserved. SAS ports shall ignore this Broadcast /
(Reserved 3) y ' P 9 ' [

Broadcast yes Reserved. SAS ports shall ignore this Broadcast.

(Reserved 4)

Initiates the zone activate step (s2€4.9.6.4).
Broadcast

(Zone no

. Devices that are eatlocked zoning expander devices shall ignore this
Activate)

Broadcast-

a All Broadcasts are supported5ythe SMP ZONED BROADCAST function (see 10.4.3.20), which defines
additional reserved Brzdadcast types. Broadcasts labeled “yes” are also transmitted via BROADCAST
primitive seque#ces (see 7.2.6.4).

“volatile storage or across reset events.

A SAS device or expander device may implement counters for Broadcasts it griginates and report them in the
REPORT BROADCAST response (see 10.4.3.9). If supported, the SAS-davice or avnander device shall, for
each combination of Broadcast type and Broadcast reason that the SAS device or expander device supporis:

a) if the Broadcast is related to a phy, then maintain a separate broadcast counter for each phy; and
b) if the Broadcast is not related to a phy, then maintain one originated broadcast counter.

Broadcast (Change)s originated by an expander device are counted and reported in the REPORT GENERAL
response (see 10.4.3.4) and other SMP response frames containing an EXPANDER CHANGE COUNT field.

An expander device may implement counters for Broadcasts received from attached end devices and report
them in the REPORT BROADCAST response (see 10.4.3.9).

See 4.11 for details on phy events.
4.2 Names and identifiers

4.2.1 Names and identifiers overview

Device names are worldwide unique names for devices within a transport protocol. Port names are worldwide
unique names for ports within a transport protocol. Port identifiers are the values by which ports are identified
within a domain. Phy identifiers are the values by which phys are identified within a device.
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Author: Isi-bbesmer

Subject: Note

Date: 5/25/2008 5:53:18 PM

( /JREJECT ("or forward... as described in 4.9.5" covers that)

This does not specify the special broadcast zoning rules specified in 4.9.5

Author: RElliott
Subject: Highlight
Date: 5/23/2008 3:19:24 PM

ACCEPT - DONE
the

s/b

then the

__—@ Author: Isi-bbesmer
Subject: Note
Date: 5/25/2008 5:53:30 PM
( AACCEPT - DONE

This paragraph should be located after the counters themselves are described (ie. just before the See 4.11 paragraph).

Author: wdc-mevans
— Subject: Highlight
Date: 5/25/2008 5:53:50 PM
T REJECT ("it" is better, referring to the subject of the sentence "A SAS device or expander device" without restating it incorrectly as
"the device")

it
s/b
that the device

——@ Author: RElliott
Subject: Highlight
Date: 5/23/2008 3:19:53 PM
ACCEPT - DONE

the
s/b
then the

\ Author: Isi-gpenokie

Subject: Highlight
Date: 5/6/2008 4:07:48 PM
TACCEPT - DONE

This is a << or >> as both cases can't be true at the same time.
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Table 8 describes the definitions of names and identifiers for SAS.

Table 8 — Names and identifiers

Attribute Format SAS usage Reference

NAA IEEE Registered _| Resared in:
format (see 4.2.2) for: | a) the IDENTIFY address frame (see 7.8.2)

a) SAS devices and DEVICE NAME field; 424 and
Device name expander devices; | b) the Device Identification VPD page (see ’ 4' o5
and 10.2.11.2); and -
b) SATA deviceswith | ¢) the DISCOVER response (SEE %
worldwide names ATTACHED DEVICE NAME field. [a\

Port name Not defined . 4.2.6 \

NAA IEEE Registered | Reported in the IDENTIFY address frame (see

. o 4
Portidentifier |t mat (see 4.2.2)  NI.8.2) for SAS ports. \\ 27
Phy identifier 7-bit value L Phyentifier ¢4.2.8 y
Table 9 describes how various SAM-4 aitributes are implemexted in SSP.
Table 9 =SAM-4 attribute map
SAM-4 attribute SSP implexaentation \
Initiator port identifier SAS address 5f 2Q SSP initiator port \
Initiator port name Not defined \ \
Target port identifier SAS address of an SSP thport \\
Target port name Not defined \

SCSI device name Device name of SAS device containingan SSP port

S

4.2.2 NAA IEEE Registered format identifier

Table 10 defines the NAA IEEE Registered format identifier used by device names and port iNentifiers. This

format is the same as that defined in SPC-4.

O

Table 10 — NAA IEEE Registered format

Byte\Bit 7 6 5 4 3 2 1 o \
0 NAA (5h) (MSB)
1
IEEE COMPANY ID -

3 (LSB)

VENDOR-SPECIFIC IDENTIFIER

The NAA field contains 5h.
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——@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

NAA IEEE Registered format for SAS devices and expander devices; and SATA devices with worldwide names
s/b
SAS address (see new section) for SAS devices and expander devices.

NAA IEEE Registered Extended format (see 4.2.2) for SATA devices with worldwide names.

~~—@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
[ ACCEPT - DONE

(SEE

turn off smallcaps

Author: Isi-bbesmer

Subject: Note

Date: 5/25/2008 5:54:23 PM

(— ACCEPT - DONE (added a table footnote to "SATA devices with worldwide names" that says "For SATA devices without worldwide

7" names, a device name may be set in the PHY CONTROL request (see 10.4.3.28) attached device name field.")

Also used in SMP Phy Control request.

Author: ktek-dmoore

Subject: Highlight

Date: 5/25/2008 5:54:39 PM
IT‘ACCEPT - DONE (yes, added)

Reported in the IDENTIFY address frame (see
7.8.2) for SAS ports.

Isn't this also in VPD 83h?

\' Author: RElliott

Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

NAA IEEE Registered format
s/b
SAS address (see new section)

\ Author: RElliott

Subject: Highlight
Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

7-bit value

s/b
8-bit value

Comments from page 56 continued on next page
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Table 8 describes the definitions of names and identifiers for SAS.

Table 8 — Names and identifiers

Attribute Format SAS usage Reference
NAA IEEE Registered | Reported in:
format (see 4.2.2) for: | a) the IDENTIFY address frame (see 7.8.2)
a) SAS devices and DEVICE NAME field; 424 and
Device name expander devices; | b) the Device Identification VPD page (see ’ 4' o5
and 10.2.11.2); and -
b) SATA devices with | ¢) the DISCOVER response (SEg 10.4.3.10) J
worldwide names ATTACHED DEVICE NAME field. [a /
- V—
Port name Not defined 4.2.y
. o NAA |IEEE Registered | Reported in the IDENTIFY address frame (see
Port identifier format (see 4.2.2) 7.8.2) for SAS ports. Vil
Phy identifier 7-bit value Phy identifier / 4.2.8

Table 9 describes how various SAM-4 attributes are implemented in SSP.

Table 9 — SAM-4 attribute mapping

SAM-4 attribute SSP implementation /
Initiator port identifier SAS address of an SSP initiator port /
Initiator port name Not defined /
Target port identifier SAS address of an SSP target p(%
Target port name Not defined /
SCSI device name Device name of SAS deviceﬁontaining an SSP port

4.2.2 NAA IEEE Registered format identifier

Table 10 defines the NAA IEEE Registered format identifier use by device names and port identifiers. This
format is the same as that defined in SPC-4.

Table 10 — NAA |IEEE R#gistered format

Byte\Bit 7 6 5 z/ 3 2 1 0

0 NAA (5h) / (MSB)
1

IEEE COMPANY ID

3 (LSB)

VENDOR-SPECIFIC IDENTIFIER

6

7

/.

The NAA field contains 5h. /

56 Working Draft Serial Attached SCSI - 2 (SAS-2)



per Isi-bbesmer comment on figure 10

Author: RElliott

Subject: Highlight

Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

contains 5h
s/b
is set to the value defined in table 10.
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The IEEE COMPANY ID field contains a 24-bit canonical form company identifier (i.e., organizationally unique
identifier or OUI) assigiea oy e icCL.

Bit 5 of byte 1, which serves as the UNIVERSALLY/LOCALLY ADMINISTERED ADDRESS bit, shall be set to zero.
Bit 4 of byte 1, which serves as the INDIVIDUAL/GROUP ADDRESS bit, shall be set to zero.

NOTE 10 - Information about IEEE company identifiers may be obtained from the IEEE Registration Authority
web site at http://standards.ieee.org/regauth/oui.

The VENDOR-SPECIFIC IDENTIFIER field contains a 36-bit value that is assigned by the organization associated
with the company identifier in the IEEE COMPANY ID field. The VENDOR-SPECIFIC IDENTIFIER field shall be
assigned so the NAA IEEE Registered format identifier is worldwide unique.

An identifier value of 00000000_00000000h &=dicates an invalid identifier.

4.2-8-Hashed SAS addresses

SSP frames include hasitedwersions of SAS addresses of SAS ports {-e-NAAIEEERegistered-format
identifiersfor-SASperts) to provide anmasditional level of verification of proper frame routing.

The code used for the hashing algorithm is a cyclic binarySsse, Chaudhuri, and Hocquenghem (BCH)
(63, 39, 9) code. Table 11 lists the parameters for the code.

Table 11 — Hashed SAS address code parameter

Parameter Value

Number of bits per codeword 63 \
Number of data bits 39

Number of redundant bits 24

Minimum distance of the code 9

The generator polynomial for this code is:
GX) = (C+x+1) P+ xt+x2+x+1) (x®+x®+x%+x+1) (x®+x3+1)

After multiplication of the factors, the generator polynomial is:

G(X) = X2 + x23 4 x22 1 520 4 19 4 17 4 16 4 13 | 410 4 394 48 4 36 435 4 xd 132 4y 4 1

Annex E contains additional information on SAS address hashing.

4.2.4 Device names and expander device SAS addresses

Each expander device, SAS initiator device, SAS target device, and SAS target/initiator device shall include
an NAA IEEE Registered format identifier (see 4.2.2) as its device name. The device name of an expander
device is called its SAS address. An NAA IEEE Registered format identifier used as a device name shall not
be used as any other name or identifier (e.g., a device hame, port name, port identifier, or logical unit name
(see SAM-4)).

SAS devices and expander devices report their device names in the IDENTIFY address frame (see 7.8.2).
NOTE 11 - When a set of expander phys transmit the same SAS address in the identification sequence but
receive different SAS addresses, indicating they are attached to separate SAS ports or expander ports, they
become part of separate expander ports in the same domain.

Logical units accessed through SSP target ports report SAS target device names through SCSI vital product
data (see 10.2.11).
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——@ Author: wdc-mevans
Subject: Highlight
Date: 5/25/2008 5:55:08 PM
IT‘ACCEPT - DONE (as "identifier (OUI))" since that's how acronyms are introduced)

identifier or OUI)
s/b
identifier, or OUI)

——@ Author: RElliott
Subject: Note
Date: 5/1/2008 8:07:46 PM
( hJACCEPT - DONE (moved into new section for SAS address)

The sentence about 00000000_00000000h doesn't belong in a subsection where NAA is defined as containing 5h. NAA is really
Oh in that identifier.

———@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

00000000_00000000h
should use a space like most numbers
(_is allowed, but should be used only where it helps readability)

~~~@ Author: hpg-relliott

Subject: Note
Date: 5/25/2008 5:55:30 PM
(— ACCEPT - DONE

77" (Added the NAA Locally Assigned format per SPC-4 as 4.2.3.

Added this as a new SAS address section:

4.2.4 SAS address

A SAS address is an identifier using either:

a) the NAA |IEEE Registered format (see 4.2.2); or

b) the NAA Locally Assigned format (see 4.2.3).

A SAS address should use the NAA IEEE Registered format (see 4.2.2).

and made other adjustments to match (noted in other editor comments)

)
Allow NAA=3h for software-generated SAS addresses?

(from Doug Gilbert)

Author: RElliott

Subject: Cross-Out

Date: 5/1/2008 8:07:46 PM
%ACCEPT - DONE

delete (i.e., NAA IEEE Registered format identifiers for SAS ports)

to allow for NAA Locally Assigned as well. This i.e. is not necessary anyway.

Author: RElliott

Subject: Highlight

Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

Comments from page 57 continued on next page



28 January 2008 T10/1760-D Revision 14

The IEEE COMPANY ID field contains a 24-bit canonical form company identifier (i.e., organizationally unique
identifier or OUI) assigned by the IEEE.

Bit 5 of byte 1, which serves as the UNIVERSALLY/LOCALLY ADMINISTERED ADDRESS bit, shall be set to zero.

Bit 4 of byte 1, which serves as the INDIVIDUAL/GROUP ADDRESS bit, shall be set to zero.

NOTE 10 - Information about IEEE company identifiers may be obtained from the IEEE Registration Authority
web site at http://standards.ieee.org/regauth/oui.

The VENDOR-SPECIFIC IDENTIFIER field contains a 36-bit value that is assigned by the organization associated
with the company identifier in the IEEE COMPANY ID field. The VENDOR-SPECIFIC IDENTIFIER field shall be
assigned so the NAA IEEE Registered format identifier is worldwide unique.

An identifier value of 00000000_00000000h indicates an invalid identifier. @

4.2.3 Hashed SAS addresses

SSP frames include hashed versions of SAS addresses of SAS ports {-e-NAAIEEERegistered-format
identifiersfor-SAS-perts) to provide an additional level of verification of proper frame routing.

The code used for the hashing algorithm is a cyclic binary Bose, Chaudhuri, and Hocquenghem (BCH)
(63, 39, 9) code. Table 11 lists the parameters for the code.

Table 11 — Hashed SAS address code parameter

Parameter Value
Number of bits per codeword 63
Number of data bits 39
Number of redundant bits 24
Minimum distance of the code 9

The generator polynomial for this code is:
GX) = (O +x+1) C+x*+x2+x+1) C+x+x2+x+1) (x°+y

After multiplication of the factors, the generator polynomial is:
G(X) = X2 + x23 4+ x22 4 x20 4 19 4 X174 y16 4 13 4 410 |

Annex E contains additional information on SAS addres

zhashixAg.

4.2.4 Device names and expander device SAS address#s

Each expander device, SAS initiatgedevice, SAS targej/device, and SAS target/nitiator device shall include
an NAA IEEE Registered formzidentifier (see 4.2.2) 4s its device name. The/device name of an expander
device is called its SAS 2#dress. An NAA IEEE Registered format identifier dsed as a device name shall not
be used as any othgr'name or identifier (e.g., a device hame, port name, port identifier, or logical unit name
(see SAM-4)).

SAS devices and expander devices report their device names in the IDENTIFY address frame (see 7.8.2).
NOTE 11 - When a set of expander phys transmit the same SAS address in the identification sequence but
receive different SAS addresses, indicating they are attached to separate SAS ports or expander ports, they
become part of separate expander ports in the same domain.

Logical units accessed through SSP target ports report SAS target device names through SCSI vital product
data (see 10.2.11).
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parameter
s/b
parameters

Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

an NAA |IEEE Registered format identifier (see 4.2.2)
s/b

a SAS address (see new section)

Author: Isi-gpenokie
Subject: Highlight
Date: 5/25/2008 5:55:53 PM
TACCEPT - DONE (as "Each expander device and SAS device shall...")
This << device, SAS target device, and SAS target/initiator device shall include >> should be << device, and SAS target device
shall include >>
Author: RElliott
Subject: Highlight
Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE
An NAA IEEE Registered format identifier
s/b

A SAS address

/. Author: RElliott

Subject: Highlight
Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

This is too broad a statement.
Add:

, except:
a) the SAS address of an expander device is the same as the SAS address of the SMP port in that expander device.
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4.2.5 Device name for SATA devices with world wide names

Table 12 defines the NAA IEEE Registered format identifier used by device names for SATA devices that
provide world wide names in their IDENTIFY (PACKET) DEVICE data.

Table 12 — Device name created from the IDENTIFY (PASKET) DEVICE world wide name

Subformat field /
_th‘: a
name (see table 10) pegTiic bits in Contents

NAA Byte 0 bits 7:4 IDENTIFY (PACKET) DEVICE data word 108 bits 15:12 b
Byte 0 bits 3:0 IDENTIFY (PACKET) DEVICE data word 108 bits 11:8
Byte 1 IDENTIFY (PACKET) DEVICE data word 108 bits 7:0
IFEE COMPANY_ID Byte 2 IDENTIFY (PACKET) DEVICE data word 109 bits 15:8
Byte 3 bits 7:4 | IDENTIFY (PACKET) DEVICE data word 109 bits 7:4
Byte 3bits 3:0 | IDENTIFY (PACKET) DEVICE data word 109 bits 3:0
Byte 4 IDENTIFY (PACKET) DEVICE data word 110 bits 15:8
VE“:EEET“T’;E‘;'F'C Byte 5 IDENTIFY (PACKET) DEVICE data word 110 bits 7:0
Byte 6 IDENTIFY (PACKET) DEVICE data word 111 bits 15:8
Byte 7 IDENTIFY (PACKET) DEVICE data word 111 bits 7:0

a IDENTIFY (PACKET) DEVICE data words 108-111 contain the world wide name field (see ATA8-ACS).
b This 4-bit field is required to be set to 5h (i.e., IEEE Registered) by ATA8-ACS.

4.2.6 Port names

Port names are not defined in SAS.

NOTE 12 - The SAS addresses used by SAS ports in different SAS domains may be the same (e.g., when a
set of phys transmit the same SAS address in the identification sequence but receive different SAS
addresses, indicating they are attached to two separate SAS domains) so the SAS address serves as a yort
identifier (see 4.2.7) rather than a port name.

4.2.7 Port identifiers and SAS port SAS addresses

Each SAS initiator port, SAS target port (e.g., including the STP target port ine&ch STP/S% bridge), apd
SAS target/initiator port shall include an NAA |IEEE Registered foratidentifier (see 4.2.2) s its port ideAtifier.
The port identifier of a SAS port is called its SAS address” An NAA IEEE Registered format identifier dsed as
a port identifier shall not be used as any_otker hame or identifier (e.g., a device name, port name, or logical
unit name (see SAM-4)) except &s a port identifier in one or more other SAS domains (see 4.1.4).

Expander ports do not have port identifiers.%

SAS ports in end devices report their port identifiers in the IDENTIFY address frame (see 7.8.2). Expanues
devices containing SAS ports (e.g., SAS ports attached to virtual phys, or STP target ports in STP/SATA
bridges) report the port identifiers of those SAS ports in the SMP DISCOVER response (see 10.4.3.10).

NOTE 13 - When a set of SAS phys transmit the same SAS address in the identification sequence but receive
different SAS addresses, indicating they are attached to more than one SAS domain, they become part of
separate SAS ports in separate domains. Each SAS port shares the same SAS address.

Port identifiers are used as source and destination SAS addresses in the OPEN address frame (see 7.8.3).

Logical units accessed through SSP target ports report SAS target port identifiers through SCSI vital product
data (see 10.2.11).
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_——@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

name (see table 10)
s/b
name (see table 10 in 4.2.2)

STP/SATA bridge) shall >>

Author: RElliott

Subject: Highlight

Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

an NAA |IEEE Registered format identifier (see 4.2.2)
s/b
a SAS Address (see new section)

Author: Isi-gpenokie
Subject: Highlight
Date: 5/25/2008 5:56:28 PM
IT‘ACCEPT - DONE (as "Each SAS port shall...")
This << SAS initiator port, SAS target port (e.g., including the STP target port in each STP/SATA bridge), and
SAS target/initiator port shall >> should be << SAS initiator port and SAS target port (e.g., including the STP target port in each
Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

An NAA IEEE Registered format identifier

s/b

A SAS address

@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

except

To be correct, also add:

; and

the SAS address of an SMP port in an expander device is the same as the SAS address of the expander device containing that
SMP port.

———@ Author: Isi-bbesmer
Subject: Note
Date: 5/25/2008 5:56:57 PM
(— ACCEPT - DONE (added "NOTE: The SMP port in an expander device has a port identifier that is the same as the device name of the
7 expander device (see 4.6.2), and is used for addressing an expander device. Expander ports are not individually addressed."

Section 4.6.2 has the "shall".

)

\ Need to explain why this statement is being made? (because they use device name instead).

Author: elx-bmartin

Comments from page 58 continued on next page



T10/1760-D Revision 14

28 January 2008

4.2.5 Device name for SATA devices with world wide names

Table 12 defines the NAA IEEE Registered format identifier used by device names for SATA devices that
provide world wide names in their IDENTIFY (PACKET) DEVICE data.

Table 12 — Device name created from the IDENTIFY (PACKET) DEVICE world wide name

Subformat field
name (see table 10)

Specific bits in

Contents 2

NAA

Byte 0 bits 7:4

IDENTIFY (PACKET) DEVICE data word 108 bits 15:12 P

Byte 0 bits 3:0

IDENTIFY (PACKET) DEVICE data word 108 bits 11:8

Byte 1

IDENTIFY (PACKET) DEVICE data word 108 bits 7:0

IEEE COMPANY_ID

Byte 2

IDENTIFY (PACKET) DEVICE data word 109 bits 15:8

Byte 3 bits 7:4

IDENTIFY (PACKET) DEVICE data word 109 bits 7:4

Byte 3 bits 3:0

IDENTIFY (PACKET) DEVICE data word 109 bits 3:0 /

VENDOR SPECIFIC
IDENTIFIER

Byte 4 IDENTIFY (PACKET) DEVICE data word 110 bits 15:8 /
Byte 5 IDENTIFY (PACKET) DEVICE data word 110 bits 7:0 /
Byte 6 IDENTIFY (PACKET) DEVICE data word 111 bits 1%

Byte 7 IDENTIFY (PACKET) DEVICE data word 111 bit%o

a IDENTIFY (PACKET) DEVICE data words 108-111 contain the world wide name field (seZ’ ATA8-ACS).
b This 4-bit field is required to be set to 5h (i.e., IEEE Registered) by ATA8-ACS.

/

4.2.6 Port names

Port names are not defined in SAS.

NOTE 12 - The SAS addresses used by SAS ports in different SAS domains may /e the same (e.g., when a
set of phys transmit the same SAS address in the identification sequence but reZeive different SAS
addresses, indicating they are attached to two separate SAS domains) so the AAS address serves as a port

identifier (see 4.2.7) rather than a port name.

4.2.7 Port identifiers and SAS port SAS addresses

Each SAS initiator port, SAS target port (e.g., including the STP target port in each STP/SATA bridge), and
SAS target/initiator port shall include an NAA |IEEE Registered forpiat identifier (see 4.2.2) as its port identifier.
The port identifier of a SAS port is called its SAS address. An NAA IEEE Registered format identifier used as
a port identifier shall not be used as any other name or identifér (e.g., a device name, port name, or logical
unit name (see SAM-4)) except as a port identifier in one or/nore other SAS domains (see 4.1.4).

Expander ports do not have port identifiers.@

SAS ports in end devices report their port identifiers ir/the IDENTIFY address frame (see 7.8.2). Expander
devices containing SAS ports (e.g., SAS ports attacled to virtual phys, or STP target ports in STP/SATA
bridges) report the port identifiers of those SAS po/ts in the SMP DISCOVER response (see 10.4.3.10).

NOTE 13 - When a set of SAS phys transmit t)fe same SAS address in the identification sequence but receive
different SAS addresses, indicating they ar¢/attached to more than one SAS domain, they become part of
separate SAS ports in separate domains. Zach SAS port shares the same SAS address.

Port identifiers are used as source and destination SAS addresses in the OPEN address frame (see 7.8.3).

Logical units accessed through SSP target ports report SAS target port identifiers through SCSI vital product

data (see 10.2.11).
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Subject: Comment on Text
Date: 5/25/2008 5:57:11 PM
IT‘ACCEPT - DONE (yes, that is an issue - "don't do that" is the basic answer. Adding "See figure 46 in 4.8.2 for an example of what

happens if they are not in separate SAS domains." That section advises the configuration subprocess to disable phys if it detects a
multi-path problem/loop introduced by doing this.)

Cann't this also be a configuration issue where they are attached to two different expanders in the same SAS domain? What
mechanism is there to determine that they are in different SAS domains?

Author: RElliott

Subject: Highlight

Date: 5/1/2008 8:07:46 PM
TACCEPT - DONE

domains
s/b
SAS domains
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4.2.8 Phy identifiers

Each SAS phy and expander phy shall be assigned an identifier called a phy identifier that is unique within the
SAS device and/or expander device. Each SAS logical phy within a SAS phy shall use the same phy identifier.
Each expander logical phy within an expander phy shall use the same phy identifier. The phy identifiert
for management functions (see 10.4).

~

Phy identifiers shall be greater than or equal to 00h and less than 80h, &md should be numbered starting with
00h. In an expander device or in a SAS device containing an SMP target port, phy identifiers shall be less than
the value of the NUMBER OF PHYS field in the SMP REPORT GENERAL response (see 10.4.3.4). In a SAS
device containing an SSP target port, phy identifiers shall be less than the value of the NUMBER OF PHYS field
in the Phy Control And Discover mode page (see 10.2.7.5).

4.3 State machines

4.3.1 State machine overview

Figure 29 shows the state machines for SAS devices, their relationships to each other and to the SAS Device,
SAS Port, and SAS Phy classes.

SAS device
SCSI application ATA application Management application
layer (SA) layer (AA) layer (MA)
' ' '
SAS port * B
SSP transport layer STP transport layer SMP transport layer N
(ST) (TT) (MT)
: — —
Port layer (PL) - >
A .
(sAsphy |- \
(Logical phy¢ ¢ ¢ N A
SSP link layer STP link layer SMP link layer e >
(SSP) (STP) (SMP) H
I I Y 1
Link layer (SL) >
N /J. :
N
One or two logical phys per
SAS phy
Phy layer (SP) -4 .>
\ J H
/)
™ One or more SAS phys (with matching
number of TTs and MTSs) per SAS port
N

Y
N,

* One or more SAS ports per SAS device

Figure 29 — State machines for SAS devices
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@ Author: RElliott
Subject: Highlight
Date: 5/1/2008 8:07:46 PM
IT‘ACCEPT - DONE

less than 80h
s/b
less than or equal to FEh

per Isi-bbesmer comment on figure 10
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Figure 30 shows the state machines for expander devices, their relationships to each other and to the
Expander Device, Expander Port, and Expander Phy classes. Expander function state machines are not
defined in this standard, but the interface to the expander function is defined in 4.6.6.

Expander device

/External expander port N /External expander port h
@xternal expander phy A (External expander phy \\
Expander logical phy Expander logical phy
Expander Expander
link layer link layer
(XL) (XL)
A 4
vy v
Phy layer Expander Phy layer
(SP) function (SP)
One or