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adaptec,inc.

Mema to: John Lohmeyer, AHSI X3T9.2 Chairwman
HCR Corp.
3718 N. Rock Road

Wichita, KS 67226

Memoc from: Robert H. Snively
Adaptec
580 Cwuttonwood
Milpitae, CA 95@35

Date: Harch 13, 19a7

Subject: Full Command Queueing Propposal for SCSI-2

Dear Hr. Lohmeyer:

The SCSI architecturally eupporte very complex multi-taeking
enviranmenta. The architecture already eupporte the queueing of
commande fram different initiatore ageinet a eingle SCSI device
and LU. With minaor additione, the SCSI-2 18 capable of
supporting the full queueing of commande Iram the same initiator
segainat a8 single SCSI device and LU.

Thias document defines the extensions that are required to pravide
that support.

Conceptually, each command tranemitted to a target is tranemitted
either with a non-eynchranizing queue tag, with 8 eynchronizing
queue tag, or without 8 queue tag. If the command ig tranamitted
to the target without a tag, it indicatee that the command must
be executed in the order received Ifrom +the tranamitting
initiator. Haoa +time relaticonehip between the execution of
untagged commanda from other initiatore is guaranteed except
through uee of the reaservation inetructione. Only ene untagged
command can be pending from a particular initistor for each LUN.
If the command is transmitted to the target with a non-
aynchronizing gqueue tag, the command can be executed in any order
on the eelected LUN with reepect to other non-gynchronizing
tagged commande from any 1initiator. If the command im
tranamitted to the target with a aynchranizing queue tag, the
command muet be placed in the queue sfter all non-gsynchronizing
commands previouely received from any initiator and before Bany
non-~synchronizing tagged commands received later. Synchronizing
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queue tagged commanda are executed in the atrict order received,
regardlesas of initiator. In a atream of tagged commandas, an
untagged command serves am a synchronizing command.

Only one ocommand with a given tag can be active against an LU
from an initiator at a time. The number of queue tag bits
assures that an unused tag can easily be found.

If the command queue is" nearly full, &an indication must be given
to an initiator that no more command® can be enqueued until one
or more of the already queued commanda is complete. The command
queue full indication.is given es a message response to any of
the queue tag messages. The command queue full indication wmuat
be given wvhile there is still aspace 1in the gueue for operations
from all initiators that have not received a queue full
indication.

The command queue tagging protocol is chasen te be compatihble
with SCSI X3.131-1986 aas vell as functional with the SCSI-2
atandard, The command queue tagging protocol ias further chasen
to allow disconnection any time after the IDENTIFY message and
the QUEUE TAG measage have been transmitted.

Both deferred errore and normal errora are handled in the npormal
MANNEer. NHormel errars are indicated by CHECK CONDITION status.
REQUEST SENSE cammands are executed againat the same queue tag to
obtain the information stored for the failing operation.
Deferred errora are normally related to a command that haa long
aince campleted. Ag such, there 18 no attempt to point back to
the queue tag assigned to the original failing command. Since
command queueing with disconnection performe much the same
function aa the Immediate bit, it ies expected that few fully
queued commanda will choome to uae the Immediate bit. This
limita the set of errors that can become deferred errora.

This proposal is added to the end of section & of the SCSI-2
document. Since &a previous propoeal adda a section 6.5, it im
proposed that this section be added as section 6.6. The eection
will dinclude both a description of simple command queueing and
full command gqueueing. In additiaon te the inclueion of =ection
&, gection 5 will pick up & nev message in table 5-2 and 1in
gection S5.5.2. The detaile of the modificationa are explained
belaw. )

Tabhle 5-2 on page 5-14 of the 1/9/87 document will be modified in
the folloving manner. The line deacribing codea @Dh - 7Fh shall
be replaced with five linea ams followa:

@bh a] u] QUEULE FULL In

QEh - @Fh Regerved Codes

10h a a HON-SYNC QUEUE TAG In Out
11h o a SYNCHRONIZING QUEUE TAG 1In Out
12h - 7Fh Reaerved Codea

HBeagtion 5.5.2 will have new texut added bhetween the text



deacribing BUS DEVICE RESET and the text dezcribing IDENTIFY.
The text will he Ba fallowe:
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WUEUE FULL ALh. 1f the opticnal full gueueing function
ia implemented, the QUEUE FULL message in is presented to
the selecting initiator vhen a NOH-SYHCHRONIZING QUEUE TAG
or & SYNCHRONIZING OUEUE TAG measaage out 18 generated and
when the command queue ie 80 full that no other commanda can
be accepted from that initiastor for that LUN. Aside from
thig extra meemsage pha&ae, the command is exescuted normally.
The Initietor is abligated to send no new commanda to that
LUN until one or more of the previously queued commande has
been complete.

NON-SYHCHRONIZING OQUEUE TAG 1@h. If the optional full
queueing function described in mection 6.6.2 ie aupported
and 1f &8 non-gynchronizing tagged command ia required, the
NON-SYNC QUEUE TAG extended meesage ie tranamitted
immedistely after the IDENTIFY memaage to provide @ lagical
identifier for that particular command or link af commands
aa it ie bheing executed by the initiator and the Logical
Unit. The NON-SYHC QUEUE TAG measage ig 8 two byte measege
with the following structure:

Byte @ NOH-SYHC QUEUE TAG 10h
Byte 1 DUEUE TAG logical identifier

The uee oi the HON-SYNCHRONIZING QUEUE TAG implies that the
command ar link of commande may be queued by the target SCSI
device and executed ageinet the LU in an erbitrary arder.
The trenemission of a command without any tagging message
implies that the untagged command or link of commande muet
be executed in the order tranemitted relative to other
commanda to that LUN from that initietor. The trenemisaion
of 8 command with the SYHC QUEUE TAG message impliee that
tagged aynchranizing commend or link of commands muet be
executed in the strict order received to that LUN regerdless
af the initiator.

The HON-SYHNC OUEUE TAG message out phase ie requested by the
initiator immediately sfter the IDENTIFY measage by leeving
ATH pctive after the time that ACK dropse in responge ta the
REQ for the IDENTIFY message. Target devicee suppearting
full queueing will not dimsconnect until after both the
iDENTIFY and the HON-SYNC QUEUE TAG meeseges out have been
recelived.

The HNOH-SYNC QUEUE TAG mesaege in ia provided immediately
after the reeelection IDENTIFY meseage in hags been presented
to complete the identification procesa i the operation
being cantinued. 1f no type of tegging megaage in 1ie
provided, it is assumed that the reconnection is being made
on behalf aof an active untagged command.

|

{ SYNCHRONIZING QUEUE TAG 1ih. If the oaptional full
queueing Zfunction deacribed in gection 6.6.2 18 supparted
and if a mynchronizing tagged command ia required, the SYNC
QUEUE TAG extended measmage is tranamitted immediately after
the IDENTIFY mesaage to provide a logical identifier for
that particular command or link of commands se it ie being
executed by the initimtor and the Logical Unit. The SYHC
QUEUE TAG message ia a two byte message with the following
structure:

Byte @ SYNC QUEUE TAG 11ih

Byte 1 QUEUE TAG lagical identifier .
The use of the SYNCHRONIZING QUEUE TAG implies that the
command or link of commands must be queued by the target
5CSI device and executed againat the LU in the atrict order
received. All previous NON-SYHC QUEUE TAG labeled commands
must be executed before the command lebeled by the SYNC
QUEUE TAG. All subaequent NON-SYHNC QUEUE TAG labeled
commands muat be executed after the command labeled by the
SYNC QUEUE TAG, regardlesa of initdiator. The transmigeion of
a command without any tagging message implies that the
untagged cammand or link of commands must be executed in the
arder tranamitted relative to other commands to that LUN
from that initiator.

The SYNC QUEUE TAG mesaage out phaae is requeated by the
initiator immediastely after the IDENTIFY message by leaving
ATH active after the time that ACK dropas in response to the
REQ@ for the IDENTIFY mesaage. Target devices supporting
full queueing will nat digeconnect until after both the
IDENTIFY and the SYNC QUEUE TAG messages out have been
received.

The SYNC QUEUE TAG message in ia provided immediately after

‘the remelection IDENTIFY measage in has been presented toé

complete the identification procees of the operation being
continued, If no type of tagging measage in is pravided, it
ie asaumed that the recannection ia bheing made an behalf of
an active untagged command.

Section 6.6 will deacribe the queueing capability of the SCSI

with

the follawing text:

6.6 Cemmand Queueing

Command gqueueing allove more than one command to be
in procees under cantrol of en LU at the same time. Simple
cammand queueing allowa an LU to aimultaneocualy accept
commands from more than one initiator at a time. Full

command queueing allawe an LU to eimultanecusly accept
multiple commands from each initiator ta each LU. By uaing
command gueueing, a target avoidsz the overhead of presenting
BUSY atatua to a8 command when it ia actually buasy procesasing



deaaribing BU3 DEVICE RESET and the text describing IDEHTIFY.
The text will be m= follave:

£

QUEUE FULL @Dh. If the opticnal full queueing function
is dimplemented, the DQUEUE FULL message in is presented to
the selecting initistor vhen a NON-SYNCHRONIZING QUEUE TAG
or & SYNCHRONIZING QUEUE TAG meesmge out ia generated and
when the command queue ie so full that no other commanda can
be accepted from that initiator for that LUHN. Agide from
thia extra meesegage phaae, the cammand is executed normally.
The 1Initiateor is obligated to send no new commande to that
LUN until one or more of the previously queued commanda has
been complete.

NON-SYNCHRONIZING QUEUE TAG 1@h. If the optional full
queueing function deecribed in section 6.6.2 1= eupported
and if a non-synchronizing tagged command ie required, the
NON-SYNC QUEUE TAG extended measage ia tranemitted
immediately 8after the IDENTIFY message to provide a lagical
identifier for that particular command or link of commands
am it 1ig being executed by the initiator and the Logical
Unit. The HON-SYNC QUEUE TAG messege is B two byte meszage
with the following structure:

Byte @ HOH-SYNC QUEUE TAG 10h
Byte 1 QUEUE TAG logical identifier

The uee of the NON-SYHCHRONIZING QUEUE TAG impliee that the
command aor link of commands may be queued by the target SCSI
device and executed ageinet the LU in an arbitrary order.
The +tranemieeion of B cammand without any tagging meaeage
implies that the untagged command or link of cammande must
be executed in the order tranemitted relative to other
commanda to that LUH from that initiator. The tranaemission
of & command with the SYNC QUEUE TAG measage implies that
tagged eynchronizing command or link of commands muat be
executed in the sBtrict order received to that LUN regerdleaa
of the initiator.

The NON-SYNC OUEUE TAG measage out phase ig requested by the
initiator immedietely efter the IDENTIFY message by leaving
ATH Bctive after the time that ACK dropa in reeponae to the
REQ for the IDENTIFY meseage. Target devices supporting
full queueing will not dieconnect until after both the
IDENTIFY &and the HON-SYNC OUEUE TAG meeeages out have been
received.

The HON-SYNC QUEUE TAG message in ime provided immediately
after the reselection IDENTIFY message in has been presented
to complete the identification proceas of the operation
being continued. If no type aof tagging measege in 1&
provided, it im mssumed that the recannection is being made
on behalf of an active untagged command.
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! SEYHCHROHIZING GQUEUE TAG 11h. If the optiocnal full
queueing funotion described in mection 6.6.2 18 supported
and if a synchronizing tagged command ims required, the SYNC
QUEUE .. TAG extended wesaage is tranamitted immedimtely after
the IDEMTIFY message to provide a logical didentifier far
that particulsr command or link of commands as it is being
executed by the initiator and the Logical Unit. The SYHC
QUEUE TAQ message is a tvo byte message with the Ifollowing
structure:

Byte @ SYHC QUEUE TAG 11h
Byte 1 QUEUE TAG logical identifier

The ume ,0f the SYNCHRONIZING QUEUE TAG implies that the
cammand or link of commande muat be queued by the target
SCSI device and executed againet the LU in the strict arder
received. All previouas NON-SYNC QUEUE TAG labeled commands
must be executed before the command labeled by the SYNC
QUEUE TAG. All subsequent HNON-SYNC QUEUE TAG labeled
commands muat be executed after the command labeled by the
SYNC QUEUE TAGB, regardless af initiatar. The tranamission of
a8 commend without any tagging mesasage implies that the
untagged command or link of commands must be executed in the
order tranemitted relative to other commands to that LUN
from that initiator.

The SYHC QUEUE TAG measage ocut phame is requested by the
initiator immediately after the IDENTIFY memssage by leaving
ATHN active after the time that ACK drope in response ta the
REQ for the IDENTIFY message. Target devicea aupporting
full queueing will not disconnect until after both the

IDENTIFY and the SYNC QUEUE TAG megmsageas out have been
reaeived.

The SYHC QUEUE TAG meamage in ie provided immediately after
the reselection IDENTIFY message in hea been presented to
complete the identification proceesa of the ocperastion being
continued. If no type of tagging meseage in ie provided, it
iz aggumed that the reconnectian ia heing made an hehalf of
an active untagged command.

ion 6.6 will deacribe the gqueueing capabhility of the SCSI
the follawing text:

6.6 Command Queueing

Command queueing allowe more than one command to he
in procesa under control of an LU at the same time. Simple
cammand queueing allowa an LU to -"simultanecusly accept
commands from more than one initiator at a time. Full
command gqueueing allowe an LU to eimultanecualy acocept
multiple commandas fram each initiator to each LU. By using

command queueing, a target avoids the overhead of presenting
BUEY atatus tao a command when it is actually bumy procesaing
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ather aammanda. In addition, command tranamiseion overheads
are decreaeed because command tranamiseion cen be averlapped
with mechenical delaye in the target LU.

6.6.1 Simple Command Queueing

Simple command queueing allowa an LU to eccept a8 nev command
from an initiator while the LU is actually processing
commands for another initiator. Only one commend may be
active for each LU from each ipnitietor at any time.

A nev command may be accepted for the LU st any time that
the SCSI bug ie free whether or nat another command fraom a
different initiator 1ie active. The target may force the
command to disconnect hefore or after the Command Deecriptor
Block hae been received. 1t is preferable for the target to
accept the Command pDeecriptar Block so that proceeeing may
begin immediately upon termination ef the active command and
other previouely echeduled queued commanda.

The command is labeled implicitly by the known initistor and
target addreesea end the LUN. A2 long 88 only one command
ig active from each initiatar, the LU can slways recannect
to the correct initiator and pointer eet with that
infarmation. it is the responeiblity of the initiator to
apsure thet no more than one command is active at eny time.
Section 6.5.1 deecribes the actiona taken if more than one
command ie ectivated from an initiator to the same LUN.

Simple command queueing can be supported by SCSI-2 devices
or by any SCSI K3.131-1986 device meeting conformance level
2.

It 4ie assumed that the initilator will support the required
number of active subchennel functione. Each subchannel ig8
effectively a storage area for the pointers apanciated with
each ongoing tagged queued command.

6.6.2 Full Command Queueing

Full caommand queuelng allowe B Logical Unit to coentinue
sccepting commands until 1its command queue ia full,
regardleas of how many cammande may already be active from
each initiator.

Twa mMeEBsages, HOH-SYNC GQUEUE TAG and SYHNC GQUEUE TAG are
defined to alleow the initietor to uniquely label each
commend or eet of linked commande with s distinctive QUEUE
TAG lagical identifier immediately after the IDENTIFY
meeaage 18 traneferred. Thies allowe the initiator to
explicitly expand the implicit lebeling of the commande B0
that a recennection can always be properly identified by the
comhination of the initiator addrese, the target addresas,

the LUN, and the GQUEUE TAG logical identifier. Each
initietor must aesure that all ite autastanding QUEUE TAG

{lngiull identifiers are unique.

1f only commanda labeled by HON-SYNCHRONIZING QUEUE TAGS are
being tranamitted, the commandas may be executed in an
arbitrary ! order melected by the target device. Commands
from other 4initistors are aleo executed in an arbitrary
order. The command ordering ias done by the target to meet
the performance and functional goalas desired for that target
and Logical Unit.

For a particular initiator, commande lesbeled by HNON-
SYNCHRONIZING GUEUE TAGS, commande labeled by SYHCHRONIZIHG
QUEUE TAGS, and commands without logical identifiers may be
executed to the same LU. Commanda with SYNCHRONIZING QUEUE
TAGS must be executed in the exact order received with
reapeect to other SYNC QUEUE TAG labeled commands and with
respeect ta commands without logical identifiers. In
addition, all NON-SYNC QUEUE TAG labeled commands,
regardlesa of initiatar, received before a particular SYNC
OUEUE TAG labeleed caommand muat be executed before that SYNC
QUEUE;¢AG labeled command. All HON-SYNC QUEUE TAG laheled
commands, regardlesa of initiator, received after a
particular SYNC QUEUE TAG labeled command must be executed
after that command.

Commande without logical identifiera must be managed
accarding to the rules for gimple queueing. Only one such
command may be active at a time. Because af thia

reatrictien, such commande eare always executed for each
initiastor in the order in which they are received from the
initiator. Ho time relationship is determinabhle between

activitiea on one initister and activities aon another except
through the reservation process.

A target may eleat to disallaw the queueing of certain
cammanda or execute the command without actuaslly queueing
it. In particular, the Remerve command and the Release
command muat not be gqueued unleas the ayatem provides
exterkal dead lock praotection through softwvare restrictions
or B8 saeparate communication part. If the gqueueing of a
particular command ig not eupported, the command may be
rejected with an INVALID REQUEST sense key and an additional
zenae - code of INVALID SEQUENCE ([ CODE TO BE DETERMINED 1.
The TEST UNIT READY, INQUIRY, and REQUEST SENSE commands are
typical of those that will normally be executed immediately
vithout actually queueing the funcstion.

Error information from errors that occur during execution of
a command using any DUEUE TAG logical didentifier im
recovered by execution of a REQUEST SENSE command to the
game LUH wusing the same logical identifier value. The
REQUEST SENSE command may be labeled by the initiator am
aynchronizing or non-gynchronizing, gince the GQUEUE TAG
lagical identifier will uniquely identify the neceasary
genas inrformatian.



pevicer nat eupporting either QUEUE TAG meesaege, either
becauae they do not gupport command queueing or bhecause they
meet X3.131-1986, reject the QUEUE TAG meeesage. The command
ia expected to continue from that time on in the normal
manner without making use of the QUEUE TAG lagical
identifier. Command gueueing may aleo be eBwitched nff by
the device during certain initimslization periods or to
control internal regsource utilization by respanding
immediately teo either type of GQUEUE TAG measage oul with =8
QUEUE FULL message in. The command will continue normally
except that the initiator will be warned that no new command
will he accepted far that LUNH until at least ane command hes
been completed back to thet initiator from that LUN.

The abave tex ghould campletely define the queueing
function far SCSI-2 devices. Thank you for you scceptance of
thig proposal.
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Robert H. Snively
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