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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE-2 (SCSI-2) —

Part 2: Common Access Method (CAM) Transport
and SCSI interface module

C(

In
C(
C(
S

D

in

technology.

Anhnexes A, B and C are for information only.

ISO (the International Organization for Standardization) and IEC (the Interpationfal
Electrotechnical Commission) form the specialized system for worldwide standardization.
Nptional bodies that are members of ISO or IEC participate in the development [of
International Standards through technical committees established by .the™ respectiye
ofganization to deal with particular fields of technical activity. 1SO and~IEC technigal
mmittees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

andard requires approval by at least 75 % of the nationalbodies casting a vote.

International Standards are drafted in accordance.'with the rules given in the ISO/IHC
rectives, Part 3.

International Standard ISO/IEC 9316-2 was prepared by subcommittee 25: Interconnection ppof

the field of information technology, ISO and IEC have established a joint technidal
mmittee, ISO/IEC JTC 1. Draft International Standards adopted by the joint technidal
mmittee are circulated to national bodies for voting. Aublication as an Internationfal

ormation technology equipment, of IS@IEC joint technical committee 1: Information
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INTRODUCTION

SCSI provides a diverse range of peripherals for attachment to a wide range of computing
equipment. Some system manufacturers have developed approaches for SCSI attachment
which are widely followed, increasing the applications available for the attachment of SCSI
peripherals. In markets where no standard method of attachment exists, however, variations
between third party sellers have made it nearly impossible for end users to attach more than
one SCSI peripheral to one host bus adapter.

It
(ofi
de
S

amefforttobroadentheapptcationmbasefor-SE€Stperiptrerats,amad—hocmdustrygroup
mpanies representing system integrators, controllers, peripherals, and semiconducto
bcided to address the issues involved. That effort has evolved into this Internation
andard.

f
Is
al
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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE-2 (SCSI-2) —

Part 2: Common Access Method (CAM) Transport
and SCSI interface module

T
C

T

T
dd

A
S)

A

Scope

bmputer Systems Interface (SCSI).

ne purpose of this International Standard is to define a method Wwhereby multip

emvironments may adopt a common procedure for the support of SCSI devices.

evice driver) and hardware (e.g., host bus adapter) associated witlany computer.

Conformance

stem and language environment shall:

provide all the mandatory XPT functions,and services specified in this Internation
Standard;

environment;

provide the necessary interface specifications that a conforming SIM requires to interfa
with the XPT.

provide all the mandatory SIM functions and services specified in this Internation
Standard;

correctly intéroperate with any conforming XPT for the specified environment;

nis International Standard defines the Common Access Method (CAM) for the” Small

ne CAM provides a structured method for supporting peripherals with the software (e.g.

N implementation claiming conformance to the transport layer (XPT) for a specified operating

correctly interoperate with any conforming SCSI Interface Module (SIM) for the specified

N implementation claimingseonformance to the SIM for a specified operating system and
lajnguage environment shall:

le

al

al

—| provide the*necessary interface specifications that a conforming XPT requires to interfage
with SIMs.

Alconaforming implementation shall execute all function codes as required by this Internationjal

Standard, and in response to these codes shall only return specified status, and return codes.

A Tonforming mplementaton may provide additionat capabitities via Vendor Unique function

codes.

If an operating system is not specified in this International Standard, then that operating
system shall conform to 9.1 in this International Standard. (See also annex C.)

Claims of conformance to this International Standard shall state:

whether conformance is claimed with the XPT or the SIM or both;
which operating systems and environments are supported;

whether the optional capabilities of target mode or Host Bus Adaptor (HBA) engines are

supported.
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3 Normative references

The following normative documents contain provisions which, through reference in this text,

constitute provisions of this part of ISO/IEC 9316. For dated references, subseque

nt

amendments to, or revisions of, any of these publications do not apply. However, parties to

agreements based on this part of ISO/IEC 9316 are encouraged to investigate the possibili

ty

of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC

and ISO maintain registers of currently valid International Standards.

SO/IEC 9316:1995, Information Technology — Small Computer Interface-2

4| Definitions

For the purposes of this International Standard, the following definitions apply.

4)1
block

de¢fines an action to prevent access, (e.g., to obstruct the action ,of.or the continuation of
pfocess thread)

42
(GAM control block) CCB

data structure provided by peripheral drivers to the XPT¢to\control execution of a function
the SIM

4,3
immediate CCB
pfovides valid completion status when the callto xpt_action () returns (e.g., path inquiry)

4)4
queued CCB
pfovides valid completion status when the completion callback routine is called, or the CA
Status field in the CCB changes from Request In Progress to another valid CAM Status

4[5
CPB (command descriptor block)
data structure containing the SCSI opcode, parameters, and control bits for that operation

46
DMA (direct memory access)
meeans of data-transfer between peripheral and host memory without processor intervention

417
freeze

by

M

d finoc o caftwwara actinn +n ~incon Aot ity
CHH eSS EtWatrea CHoR—to-—gthesSEe—attvty

4.8
HBA (host bus adapter)

hardware and microcode which provides the interface between system memory and any

number of SCSI buses

4.9

null

value which indicates that the contents of a field have no meaning. This value is typicall
though not necessarily, zero

yy
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4.

10

optional
this term describes features which are not required by this International Standard. However, if
any feature defined by this International Standard is implemented, it shall be done in the
same way as defined by the International Standard. Describing a feature as optional in the
text is done to assist the reader. If there is a conflict between text and tables on a feature
described as optional, the table shall be accepted as being correct

4.

11

this term describes a capability, method of operation, or feature that depends on the specific

(o]

4
p

(?fD (Operating System Dependent)

erating system on which CAM is implemented

12
hth

this term describes the address of the XPT or a SIM/HBA SCSI bus combination

4,
re
w
C(
of

13

served

here this term is used for bits, bytes, fields, and code values;\the bits, bytes, fields, a
de values are set aside for future standardization. The default value shall be zero. T

check reserved fields or bits for zero

4
s
m
e

4

\Y

dd

4,
X
a

5

W
Vi

14

M (SCSI interface module)

odule designed to accept the CAM control ‘blocks routed through the XPT in order
ecute SCSI commands and perform other functions

15
J (vendor unique)

this term is used to describe bits;‘bytes, fields, code values, and features which are npt
escribed in this International Standard, and may be used in a way that varies among vendofs

16
PT (transport)
layer of software which-peripheral drivers use to originate the execution of CAM functions

Conventions

ithin thetables, there is a direction bit which indicates in or out. The direction is from t

iginator is required to define a reserved field or bit as_Zero, but the receiver should njpt

ew point.of the peripheral driver (i.e., information is out to the SIM from the peripheral driver
amd in to-the peripheral driver from the SIM).

fe

to

he

C

s & () H &L £ H 1 ] ] Tl
CTiAT ITTTITS USTU TITTTIT AT T PrupttT TTAalTics UT STYTTAls, CUTTITITAITUS Aaltu Tt osdytTos.  TTIT

se

are printed in uppercase to avoid possible confusion with other uses of the same words (e.qg.,
ATTENTION. Any lower-case uses of these words have the normal English meaning).

There are places in this International Standard where programming language is used to define
or express a concept in order to assist the reader. These are not copyrighted program steps
and implementors are encouraged to use the code wherever it suits their application.
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General description

1 General

The application environment for CAM is any computer addressing a SCSI peripheral through a
protocol chip on a motherboard or a host bus adapter.

SCSI is a widely-used interface which provides common attachment for a variety

p

ripherals

of

T
A

S
off
(q

6,

A

T

R
di

T
o
f
m
Cé

ne purpose of the CAM is to define a International Standard for the support of Hast-B
Hapters (HBA) and the like by device driver software.

bftware in the operating system dispatches I/O requests to the SCSI peripheralsin a numb
different ways depending on the software architecture. The operating system’/dependencig
SD) are defined in 9 for certain named software and hardware platforms.

2 Environment

model of the CAM usage environment is illustrated in figuré 1. Multiple applications a

s:I:own accessing a variety of SCSI devices. Several device drivers, both peripheral drive
a

d SIMs, are present to support the peripherals on the system.

he choice of XPT and SIM packaging is an operating.system dependency. Clause 9 defing

this dependency for certain named software and hardware platforms.

pquests for SCSI I/O are made through the GAM XPT interface. The XPT may execute the
rectly or pass them to a SIM for execution.

ne XPT function is illustrated as a separate element. In some operating systems, the XH

nctionality. The logical separation” between the two is maintained because there may
ore than one SIM loaded. The XPT function may be provided by the operating system,
N be achieved through asseciating multiple separately loaded XPTs.

erations are incorporated into_-a ,single module which integrates both XPT and S:LM

S

er

S

re

IS

S

m

T

e
pr
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Application Application HE Application

Operating system

App level
Disk Tape Any pass-thru
ARSI TN ARSI TN Saca = NEE IR TN
XPT/SIMinterface (using CCBs)
XPT
Advanced
SIM HES SIM Basic
I/0 System
Vendor Vendor,
specific specific SCB
HBA J HBA J HBA
Figure 1 — CAM environment model
6/3 Peripheral driver functions
Peripheral drivers pravide the following functionality:
interpretingyof/application or system level requests;
b) mapping'ofapplication level requests to XPT/SIM control blocks;
c) requesting of resources to initiate a CAM request
)\ CAM control blocks and supporting blocks that may be needed,
N _huffar rooniramoantc:
2}—bufferreguirements:
d) handling of exception conditions not managed transparently by SCSI (e.g., check condition
status, unexpected bus free, resets, etc.);
e) logging of exception conditions for maintenance analysis programs;
f) format utility or services required by format utilities;
g) establishing parameters for HBA operation;
h) set up routing of SCSI requests to the correct path/bus, target, and LUN;
i) initialization and configuration functions of a target not handled by a utility at installation

and formatting time;

establishing a timeout value for a task and passing this value in the CCB.


https://standardsiso.com/api/?name=129e5b178bed2ab17e95a5e2c75fcb9c

6.

- 14 — 9316-2 © ISO/IEC:2000(E)

4 XPT functions

XPT services provide the following functionality to process CCBs:

a) routing of the CCB to the proper SIM;
b) OSD management of CCB resources (e.g., get_CCB, free_CCB);

c)

maintenance of the SCSI device table. (This consists of owning the table and servicing

requests to read and write the table.);

providing properly formatted control blocks and priming the fields needed to accomplish

a

S

o O T Q9

ps
7.
O

di
S

5 SIM functions

J1 General

request;

routing of asynchronous events back to peripheral drivers.

M services provide the following functionality to process CCBs:

perform all interface functions to the SCSI HBA;
manage or delegate (as appropriate) all the SCSI HBA protocol steps;
distinguish abnormal behavior and perform error recovery, as.required;

establish DMA resource requests (if necessary);

queuing of multiple operations for different LUNs as:well as the same LUN and assign ta
for tag queuing (if supported);

freeze and unfreeze the queue as necessary to'accomplish queue recovery;
post the completed operation to the initiating, device driver;

manage selection, disconnection, recannection, and data pointers of the SCSI HE
protocol;

implement a timer mechanism, using values provided by the peripheral driver.

Background

CSl| is a peripheral-interface designed to permit a wide variety of devices to coexist. Thes
eripherals are typieally, but not necessarily, attached to the host by a single SCSI HBA.

2 Softwaré

S (operating system) support for peripheral devices is normally achieved through peripher
iverstoer utility programs. No single driver or program can reasonably support all possib
CS1 peripherals, so separate drivers are needed for each class of installed SCSI devic

T

manage data transfer path hardware, including DMA cirguitry and address mapping, and

JS

A

be

al
le
e.

hese drivers need to be able to share the SCSI HBA hardware. These drivers also have

(0]

work with a broad range of HBA hardware, from highly intelligent coprocessors to the most
primitive, including a SCSI chip on a motherboard. A standard SCSI programming interface
layer is essential to insulate SCSI peripheral drivers and utilities from the HBA hardware
implementation, and to allow multiple drivers to share a single SCSI hardware interface.

7.

3 CAM (Common Access Method)

This International Standard describes the general definition of the CAM (Common Access

M

ethod). CAM functionality has been separated into a few major elements.
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XPT (transport):

the XPT (transport) defines a protocol for SCSI peripheral drivers and programs to submit
I/0 requests to the HBA specific SIM module(s). Routing of requests to the correct HBA
and posting the results of a request back to the driver are responsibilities of the transport.

SIM (SCSI Interface Module):

the SIM (SCSI interface module) manages HBA resources and provides a
hardware-independent interface for SCSI applications and drivers. The SIM is responsible

to process and execute SCSI requests, and manage the interface to the HBA hardware.

T
a
I

/4 OSD (Operating System Dependencies)

Tk P~ H Bna + L +ha CSIhA H HAA 1 A tadl H 2.AMN L &

rreTe dArc 11u IU\.'UIICIIICIII.O A\ AN} LILAYA'AY are OoTivl o IIII'JICIIIUIILCU, LI LAY a1\ \I(J.IIUUIII acvuovT
memory) or ROM (read only memory), provided the XPT is properly supported.
SIM-required services to the specific manner in which they are requested of the OS,
CCB (CAM Control Block):

the CAM control block is a data structure passed from the peripheral driver to the XP
The contents of the data structure describe the action required and.-provides the fiel
necessary for successful processing of a request.

ne system environment in which the CAM is operating is a function of the hardware platfon

tel-based and a Motorola-based machine for example,vand the calling structure diffe

ROM-based SIM may need a transparent (to the user) software layer to maitch” the

d the operating system being executed. The byte ordering is different between an

5S
A

-

s

m

I's

gleatly between operating systems.

Although the fields of a CCB have a common meaning, the contents may vary by platform and
OS. These dependencies cause differences in\operation and implementation, but do npt
pfevent interoperation on the same platform;of two CAM modules implemented by different
mfanufacturers.

Spme OSD issues are discussed in clduse 9.

7/5 Architectural considerations

Ideally, a single XPT structtre would suffice for all OS environments, but this is impractical fin
light of the wide architectural differences between the various processor architectures.
Programming effort. bas been minimized by making the interfaces as similar as possible
ag¢ross OS platforms, and customizing the SIM for each HBA to maximize performance undgr
eqch OS. HBAs wary widely in the capability and functions they provide so there may be an

XPT function is used by drivers and programs to access this table.

Peripheral drivers need to be developed with documentation provided by the operating system
vendor in addition to that supplied by this International Standard.

Under a UNIVOS (Universal Operating System), the XPT and SIMs would typically be
compiled with the kernel at system generation time, so that entry points would be resolved
during linkage-editing. Third party attachments may be supported without the need for a
system if suitable routing facilities are provided by the system vendor. One example of a
universal operating system is UNIX (a registered trademark of X/Open Ltd.) and as described
in this International Standard, software developed for a UNIVOS could be compatible within a
Unix system.
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Under a LANOS (Local Area Networking Operating System), the XPT can be loaded as a
loadable device driver. SIMs are also implemented as loadable device drivers. One example
of a local area network operating system is Netware 386 (a Trademark of Novell) and as
described in this International Standard, software developed for a LANOS could be
compatible within a Netware 386 system.

Under DOS, there is one logical XPT with one entry point, but it may consist of a number of
separate XPT/SIM modules (perhaps supplied for each HBA in the system).

HBAs can be present in the same system. T by the XPT logical entity.
XPT is implemented differently under each operating system, but the logical functionality |is
the same for all operating systems.

Once one or more SIMs are loaded, the peripheral drivers integrate each type 6f 'SCSI devite
into the OS through the XPT, independent of the installed HBA hardware.

This is a list of requirements that CAM is designed to meet:

a) the ability to use any SCSI command (including vendor unique);
b)] no restrictions on the size or format of transferred data;

c) allow all the capabilities of high end host adapters to befully utilized and accommodating
HBAs which do most of the SCSI processing on board/ (this precludes interfaces which
expect to control SCSI phases);

)

d) allow the calling peripheral driver or program to\interpret sense data returned by SC
devices;

e) fully re-entrant code;

NOTE This is an obvious requirement for multitasking environments such as UNIVOS but even in single
tasking DOS applications, multi-threaded I/O is required to achieve maximum performance. SCSI devices such
as printers, communication ports, and LAN%interfaces are often serviced in the background under DOS. If pn
HBA cannot support multi-threading, requests can be queued, and serialized within the SIM modyle
transparently to the XPT.

f)] support of multiple HBAsS;
g) peripheral drivers may aseé€rtain which optional features are available;

h) define a single XPT-pased SCSI Bus scanning algorithm (so that each peripheral driver
need not use bus bandwidth to perform this function);

i)| provide a mechanism to abort I/O requests (at request of peripheral driver);

j)| ability to issue”multiple I/O requests from one or more peripheral drivers to a single
target/LUN;

k) providing'peripheral drivers with a mechanism for allocating a sense data area and fpr
specifying the number of sense bytes to be automatically requested on a CHEQK
CONDITION.

8 Principles of operation

8.1 Accessing the XPT

The OS peripheral drivers access the XPT through a software call to a single entry point. The
method for obtaining and using the entry point differs between operating systems.

The XPT is responsible for routing a CCB to the SIM indicated by the Path ID field.
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The XPT is not involved in the reverse process of advising the peripheral driver of the
completion of a queued request. The completion callback permits a direct return from the SIM
to the peripheral driver (the exact method employed in callback is operating system
dependent). Completion notification for immediate requests is accomplished by the normal
function call return mechanism.

The XPT is responsible for notifying peripheral drivers of asynchronous events via the
asynchronous callback mechanism.

82 Tnifralization

The XPT is responsible for determining the SCSI Bus configuration at initialization faryeach
S|M.

The scan by the XPT/SIM would follow a pattern such as the following:

for all SCSI buses
for all SCSI IDs (excluding the HBA SCSI ID)
find the device
if device exists
for all LUNs

send an INQUIRY command and save returngd
information

end for
end if
end for

end for

8/3 CCB completion

CEB completion is either immeédiate or queued.

8/3.1 Completion of jmnmediate CCB
A|l CCBs are complete when the xpt_action() call returns except:

—| Execute SCSYI/O;
—| ExecutevFarget I/O;
—| AcceptTarget 1/0O;
—| /£ontinue Target 1/0O;

— Immediate NOtIy,

— Execute Engine Request.
8.3.2 Completion of queued CCB

The XPT/SIM shall set all appropriate queued CCB fields marked as IN or IN/OUT and shall
provide autosense information as specified in this International Standard before CCB
completion notification is done. See 8.7 and the appropriate CCB tables in clauses 10, 11 and
12 for further information.

A peripheral driver is notified of the completion of a queued CCB by using one of the following
mechanisms, as directed by the CAM Flags field in the CCB.
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appropriate commands or messages to manage the queues in the Logical Unit. When t
Logical Unit completes an operation, the peripheral driver is advised by the SIM via a callba
ol by checking-CAM Status for completion (see 8.3 for additional information).

The peripheral driver should be coded as if there are other peripheral drivers and oth
inftiators working with the same Logical Unit.

8.

/4 SCSIlrequest queues
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CCB Callback on completion.
The SIM/XPT calls the peripheral driver's callback routine when execution of the queue

d

CCB completes. The queued CCB includes a pointer to the peripheral driver's callback

routine (in the Callback on Completion field).

The peripheral driver callback routine is used much like a hardware interrupt handler. Th
callback routine has the same privileges and restrictions as an interrupt handler.

e

The address of the specific CCB that completed is passed to the peripheral driver's

callback routine.

If the CCB CAM Flags has the Disable Callback of Completion set the XPT/SIM shall(hot
the peripheral driver of a completed CCB by changing the CAM Status field of the Cd
from Request in Progress to another valid CAM Status. The peripheral driver shall B
responsible for monitoring the CCB CAM Status field for completion.

Leues are used in systems where there is a need to manage multiple\edtstanding request
here are various types of queues and each has different support neleds.

SCSI request can be queued in any of the following places:

in the SIM;
in the target/LUN;

in the peripheral driver.

cess a Logical Unit.

CSI-2 permits a Logical Unit to keepa-queue using tag queues, or a simple queue of on
fement.

peripheral driver may also keepa queue (e.g., to perform a simple elevator sort).

4.1 The logical unit and-the peripheral driver

finished queued“CCBs. The SIM, acting on behalf of the peripheral driver, sends tm

4.2 SIM queuing

ne SIM keeps a queue of all the CCB requests from the various peripheral drivers that

hsed on needs outside the scope of CAM, a peripheral driver may maintain a list pf

y
B

e

2

e

e
e

ck

The SIM maintains a request queue for each Logical Unit. The request queue is logically
shared by all peripheral drivers. The request queue may support tagged commands. Queue
priority shall be supported.

8.

4.2.1 SIM queue priority

When a CCB has a SIM queue priority=1, the SIM places the CCB ahead of all CCBs that
have a SIM queue priority=0 for the Logical Unit and at the end (tail) of all other CCBs having
a SIM queue priority=1. One use of this CAM Flag is during error handling. If the queue is
frozen and a CCB with SIM queue priority=1 is received, the CCB shall be placed at the head
of the queue of CCBs that have SIM priority=0 and the queue remains frozen. When the SIM
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queue is released, any CCBs with SIM queue priority=1 are executed individually first (in
FIFO sequence), followed by CCBs with a SIM priority=0 (in FIFO sequence). See 8.4.2.3 on
how to release the SIM queue.

To force step-by-step execution, the peripheral driver can set SIM queue freeze=1, so that
when the queue is released and a CCB with SIM queue priority=1 is executed, the queue is
re-frozen by the SIM at completion.

8.4.2.2 Tag recognition

To support tagged queuing recognition the SIM maintains a reference between the C{B
pointers and the queue tags for a Logical Unit. By this means, the SIM can handle beth the
gqlieue tag resource allocation and reconnection of the I_T_L_Q nexus (see ISO/IEC 9816) fpr
further information on I_T_L_Q nexus) for the CCB from a peripheral driver.

The peripheral driver shall allow the SIM/XPT to handle the assignment of the queue tag |D
far the request. The SIM shall assign unique TAG Ids for the Logical Unit-operation based ¢n
it$ internal reference table.

When a Logical Unit that supports tagged queuing reconnects to the-initiator (SIM/HBA pai
it[sends the SIMPLE QUEUE TAG message with the queue tag walue for the |_T_L_Q nexu
Uping the returned queue tag ID, the SIM restores what is necessary to continue the SC
transaction. The queue tag ID shall be freed by the SIM<at the completion of the SC
rgquest.

TG

8]4.2.3 Error conditions and queues within the subsystem

The SIM shall place its internal queue for a Logical Unit into the frozen state for any statiis
other than Request Completed without Errorer Request in Progress for an EXECUTE SC
I/ REQUEST CCB, unless the SIM queue\freeze disable bit has been set in the CCB. If tme
S|M queue freeze disable bit is set, _the queue shall not be frozen and CCB executi

continues from the SIM queue.

Ul

NOTE 1 Immediate CCB function types; Target Mode CCBs, and EXECUTE ENGINE REQUEST CCBs neyer
repult in a frozen SIM queue. The action“of some immediate CCBs (e.g., Abort SCSI Command, Terminate IfO
Process Request) may result in an EXECUTE SCSI I/0 REQUEST CCB being returned which does freeze the S|M
qyeue.

The SIM shall maintain a~count of the number of CCBs returned with the indication of SIM

w
S|M/HBA shall pet-release its internal queue until the SIM queue frozen count is zero. The
S

consider it_an-error when a CCB is received with a Release SIM Queue function code thjat
wpuld decrement the SIM queue frozen count past zero (negative).

In the event that a SIM encounters an error cond|t|on which can not be assouated W|th a CdB

the SIM shaII take correctlve action Ieavmg the SCSI bus ina usabIe state

When a SIM's Logical Unit's queue is in the frozen state (a positive value in the SIM queue
frozen count), the SIM shall not dispatch any CCBs to that Logical Unit except to retrieve
autosense information. Peripheral drivers can still send CCBs to the SIM for the Logical Unit,
or any other Logical Unit. Any new CCBs received by the SIM shall be placed in the queue
according to the rules specified in 8.4.2.1.

NOTE 2 Since the SIM is the initiator, the SIM's internal queue goes into a frozen state so that the pending sense
information in the Logical Unit is not discarded. The SIM holds its internal Logical Unit queue in the frozen state
until RELEASE SIM QUEUE CCB(s) are received that decrement the SIM queue frozen count to zero.

NOTE 3 The SIM queue frozen count can be greater than one for a number of conditions. An example of two of
these conditions are SCSI BUS RESET, and a target operating in tagged queue mode.
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Using the CCB, the SIM returns in the CAM Status field an indication of the frozen queue
condition and other information. The peripheral driver acts upon the information returned via
the CCB. The setting of the Autosense bit in the CAM Flags field does not affect how the SIM
handles freezing the SIM's internal queue (i.e., the REQUEST SENSE command issued by
the SIM to recover the sense data does not release the SIM queue). See 8.7 for further
information on autosense.

8.5 SIM handling of SCSI resets

C i o handling i |
B he optional r
S t
shall be adhered to if the SIM/HBA supports the SCSI bus soft reset alternative.

The SIM/HBA handling of the SCSI hard bus reset shall be as follows.

—| Upon detecting a SCSI bus reset, the SIM/HBA shall perform the folloewing actions [in
sequence:

a) block Path ID to the reset bus, all new received CCBs for this bus are rejected with
status of CAM busy;

b) return all CCBs within the SIM/HBA for this bus with a GAM status of SCSI Bus Reskt
Sent/Received;

c) call: xpt_async(opcode=reset, path_id=bus that) was reset, target id=-1, lun=-l,
buffer_ptr=null, data_cnt=0);

d) unblock Path ID for the bus;
e) resume normal processing of CCBs.

For the operational functionality for SCSI saftireset alternative, the SIM/HBA shall implement
infa vendor unique manner as follows.

—| The SIM/HBA shall check whether-all Logical Units for a SCSI bus it controls implement
the SCSI soft reset alternative.

—| If all Logical Units support the SCSI soft reset alternative for a SCSI bus, the SIM/HBA
shall indicate its supportsfor the soft reset alternative by setting the Soft Reset flag in the
PATH INQUIRY CCB,

—| Upon detecting a SCSI bus reset for a SIM/HBA that has indicated support of the SCBI
soft reset alternative in the PATH INQUIRY CCB, the SIM/HBA shall perform the following
actions in sequence:

a) handlesthe/SCSI soft reset alternative as defined in ISO/IEC 9316;

b) call~ Xpt_async(opcode=reset, path_id=bus that was reset, target_id=-1, lun=-l,
buffer_ptr=null, data_cnt=0);

c)._resume normal processing of CCBs.

K ical its_f | impl | [ | . e
SIM/HBA shall ensure in a vendor unique manner that all Logical Units operate in
consistent manner with either the SCSI soft reset alternate or the hard reset alternative.
The SIM/HBA shall also indicate the alternative chosen by the PATH INQUIRY CCB Soft
Reset flag setting.

The SIM/HBA handling of the SCSI BUS DEVICE RESET message shall be as follows.
— Upon successfully issuing a SCSI BUS DEVICE RESET message to a target, the SIM/HBA

shall perform the following actions in sequence:

a) block Target Id for the bus, all new received CCBs for this target are rejected with
status of CAM busy;

b) return all CCBs within the SIM/HBA for this target with CAM status of Bus Device
Reset sent;
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c) call: xpt_async(opcode=reset, path_id=bus that issued the SCSI BUS DEVICE RESET
message, target_id= target id of device that received the SCSI BUS DEVICE RESET
message, lun=-1, buffer_ptr=null, data_cnt=0);

d) unblock Target ID for the bus;
e) resume normal processing of CCBs.

8.6 Asynchronous event callback

In an event such as a SCSI bus reset or an asynchronous event notification the XPT/SIM has
tg be able to make a callback to the peripheral driver(s), even though there may be no CEBs
active for the peripheral driver(s).

Chllback routines have the same privileges and restrictions as hardware interrupt servi¢e
rdqutines. The peripheral driver shall return from the callback.

During system startup or peripheral driver initialization, the peripheral driver should register
far an asynchronous event callbacks for each Logical Unit with which it/is"working and ong¢e
w|th the XPT. The Asynchronous Events for Logical Units registration-are the following:
—| Sent Bus Device Reset to target;

—| SCSI AEN;

—| Unsolicited reselection;

—| SCSI Bus Reset.

The Asynchronous Events for the XPT registration are'the following:

—| New Logical Units found during a rescan;
—| Path ID de-registered,;
—| Path ID registered.

In order for a peripheral driver to_reeéive asynchronous event callbacks for a Logical Unit,|it
shall issue a SET ASYNCHRONQUS CALLBACK CCB addressed to the Logical Unit with the
Asynchronous Event Enables{ields set to a 1 for those events the peripheral driver wishes fo
b¢ notified of through an asyhchronous callback. For the XPT asynchronous event callbacKs,
the peripheral driver shalt issue a SET ASYNCHRONOUS CALLBACK CCB addressed to the
XPT (Path ID 0xFF) with the Asynchronous Event Enables fields set to a one for those evenits
the peripheral driver.wishes to be notified of through an asynchronous callback. The SHT
ABYNCHRONOUS CALLBACK CCB shall apply only to a single Logical Unit or the XPT. The
use of wildcards shall not be supported for the SET ASYNCHRONOUS CALLBACK CCB.

The periphéral driver can change its asynchronous events callbacks for a particular SCSI
Logical Unit or the XPT by issuing the SET ASYNCHRONOUS CALLBACK CCB to a Logidal
hit or\the XPT, with the Asynchronous Event Enables field set to the replacement value, an
dated Peripheral Driver Buffer Pointer field, an updated Size of Allocated Peripheral Buffer

u
u
fi

The peripheral driver can de-register for asynchronous event callbacks for a Logical Unit or
the XPT by issuing the SET ASYNCHRONOUS CALLBACK CCB to the Logical Unit or the
XPT with the Asynchronous Event Enables field set to zero and the Asynchronous Callback
Pointer field containing the original registered value. When a peripheral driver wishes to
change its asynchronous event callback routine, it shall do so by de-registering and then shall
follow the registration procedure.
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The XPT shall pass all SET ASYNCHRONOUS CALLBACK CCBs to the addressed (Path ID)
SIM in addition to performing XPT table maintenance. This allows the SIM to perform its own
asynchronous callbacks to peripheral drivers, foregoing the available (and required) XPT
services. The callback interface to the peripheral driver is the same whether the
asynchronous callback is from the XPT or directly from the SIM.

Upon detection of a supported enabled event, the SIM shall do the following once for each
detected event

al—Classif\rthe-event
+HaSSHYHA et

ascertain the opcode. (see Table 1).

b)) Format the associated data within an internal (to the SIM) buffer (e.g., the sehse data
received from an AEN).

c) Perform the XPT reverse routing required by the event. The SIM calls the_async callbac¢k
entry point in the XPT:

long xpt_async(opcode, path_id, target_id, lun, buffer_ptr, data_cnt).

The XPT shall be responsible for ensuring that requests to thexpt_async() routine afe
pfocessed in serial fashion. Alternatively, the SIM shall call the pesipheral driver directly. [In
this case the SIM shall be responsible for serialization.

Al|l of the arguments, other than the pointer, are long vafues of 32 bits. The value of -1 |in
path_id, target_id, and lun fields can be used as a wildcafd. A null buffer pointer value and|a
count of O are valid for opcodes that do not require any.data transfer.

Uping the path_id, target_id, lun fields, and event.opcode information available directly to the
S[M or to the XPT from the xpt_async() call, the XPT or SIM scans its internal tables looking
far "matches” with the registered asynchronous callback peripheral drivers (see 10.2.7). Whén
a|match is found, either exactly or with a wildcard of —1, the XPT or SIM shall copy the data
far the opcode, if available, into the area’reserved by the peripheral driver and then call the
peripheral driver's async callback routine.

The arguments to the peripheral driver's async callback routine are the same as the
xpt_async() routine.

void (*cam_async_fung), (opcode,path_id,target_id,lun,buffer_ptr,data_cnt)

The buffer_ptr value*shall be the peripheral driver's buffer. The data_cnt value shall be whjat
the XPT has to.ttansfer from the SIM's buffer up to the limit of the peripheral driver's buffer.

For most.epcodes the path_id, target_id, and lun arguments are the only ones needed. The
offly opcodes that require an additional buffer are AEN, Path ID registered, and Path |D
de-refgistered.

Table 1 lists the opcodes and the expected data requirements for the number of bytes to be
transferred.
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Table 1 — Asynchronous event callback opcode data requirements

Event Opcode Path ID Tar get LUN Data cnt
Unsol. SCSI bus reset 0x0001 Valid n/a n/a n/a
Unsol. reselection 0x0002 Valid Valid Valid n/a
reserved 0x0004

SCSI AEN 0x0008 Valid Valid Valid Min. 22
Sent BDR to target 0x0010 Valid Valid n/a n/a
Path ID registered 0x0020 XPT ID n/a n/a Min. 1
Path ID de-registered 0x0040 XPT ID n/a n/a Min. 1
New devices found 0x0080 Valid n/a n/a n/a

off

n

If

The AEN requires a minimum of 22 bytes of buffer space. This space includes the 4 bytes requir¢d

the AEN data format and 18 bytes defined by the sense data format (see ISO/IEC 9316).

The Path ID registered and the Path ID de-registered data requirements shall be a minimum
1 byte. This byte shall contain the Path ID needed to access-the SIM. Since Path iD

reggistered and Path ID de-registered Asynchronous Callback Requests are directed to t

XPT, the Path ID argument is the XPT's Path ID (OxFF).

The new devices found opcode shall be returned whenever the XPT/SIM issues an inquiry
which detects that a device is attached which wasxnot previously found (e.g., a printer
owered on after system initialization was completed).

p
NOTE Some devices provide minimal information at powerson and cannot provide complete inquiry informatipn
urtil after some delay. A XPT/SIM may scan the bus after initialization to update its tables with the compl

uiry information.

there is valid data placed in the pewsipheral driver's data buffer by the XPT/SIM, t

peripheral driver is required to save ot discard that data before returning control to t

XPT/SIM.

8[7 Autosense

itosense causes sensg data to be retrieved automatically if a CHECK CONDITION

A
CPDMMAND TERMINATED status is reported in the SCSI Status field of the CCB. Unless t
D

sable Autosense (CAM Flag is a 1, the SIM shall perform an Autosense function

described in this subclause.

The SIM shall’construct a REQUEST SENSE command and send it to the same Logical Unjt.
The location‘and amount of sense data are specified in the Sense Info Buffer Pointer and
Sense Info Buffer Length fields respectively of the SCSI I/O Request CCB. If the length figld

0 .or \the Sense Info Buffer Pointer field is null, the REQUEST SENSE command shall

issted, but with a data allocation length of 0.

e

dte

Ie

pr

1

e

After completing the autosense sense sequence without failure the CAM Status and SCSI
Status fields shall contain the status of the original command that caused the check condition.

The target can return fewer than the number of sense bytes requested. This is not reported as
an error, sense status shall be flagged as valid and the Autosense Residual Length field shall
be set correctly.
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8.8 Loadable modules

Some operating system environments provide the ability to load or unload software drivers,
thus peripheral drivers or SIM modules can be loaded dynamically. In such systems, the XPT
module (typically supplied by the OS vendor) is either part of the system or must be loaded
first.

The XPT, as part of a loadable OS, exports its "label", which is used as a reference by the
other loadable modules. The XPT manages the loading of SIMs and provides the common

aceess—pomtforperipheral-drivers-toregisteraloadedorunloaded-SiM
peo—tepeHpherataHerstotfegistel—a—+oatea—-odhtoaaea—ori-

When a peripheral driver is loaded, it can go through its initialization process (s€eyOSD
inftialization), call the XPT initialization point and then query the XPT for the HBAs(Path IDp)
thiat are present in the system and targets that have been identified as being on those HBAs

When a SIM is loaded, the SIM and XPT have to work together to have thg-SIM-supporte¢d
HBAs registered as addressable Path IDs. The SIM shall call the , XBT once for ea¢h
sUipported bus in order to obtain the Path ID for that bus.

lojng xpt_bus_register(CAM_SIM_ENTRY *)

The argument is the pointer for the data structure defining_the entry points for the SIM. The
value returned is the assigned Path ID; a value of —l~indicates that registration was njt
suiccessful.

The CAM_SIM_ENTRY table is used to define the entry points for the SIMs.

typedef struct
{

long (*sim_init)(); [* pointer t0-the SIM init routine */
long (*sim_action)(); /* pointerto the SIM CCB go routine */
} CAM_SIM_ENTRY;

When the xpt_bus_register function is called, the XPT shall update its internal tables and then
call the sim_init(path_id)(function pointed to by the CAM_SIM_ENTRY structure. The
injtialization for the loadéd)SIM is no different than for a SIM statically included in the kernfel
at boot time. After the(SIM has gone through the initialization process, the XPT shall scan the
SCSI bus in order to-update its internal tables containing inquiry information.

The SIM shallcall the XPT once to de-register the bus for a given Path ID:

long xpt_bus_deregister(path_id)

Thezargument is the Path ID for the bus being de-registered. A return value of zero indicatés
thebusTsnotongerregistered;any other vatueinmdicates thecattwasunsuccessfut:

When the xpt_bus_deregister function is called, the XPT shall update its internal tables to
reflect that the path_id (HBA) is not present.

Peripheral drivers can request to be informed when a Path ID is registered or de-registered
via the async callback feature (see 8.6 and 10.2.7).
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9 OSD (operating system dependent) operation

9.1 UNIVOS operating system

The CAM subsystem is intended to provide a set of services for third-party vendors.

There are several sets of modules for UNIVOS:

— peripheral drivers that are device class specific;

— e configuration _driver for mitiatizatior;
—| the XPT;
—| SIMs that are HBA-specific.

Epch member of these sets is treated as a UNIVOS driver and is linked into the_kernel. The
XPT and configuration_driver (which is responsible for initialization) are OSfvendor specific;
other drivers may come from any source.

At kernel configuration and link time the cam_conftbl[ ] is created and-contains entry points fpr
the SIMs, which are used by the XPT.

The cam_conftbl[ ] is used by the XPT/configuration_driver, to-call routines and pass CAM
parameters between them (e.g., the Path ID contained inthg CCB created by the peripheral
diiver) is used to index into the cam_conftbl[]. The{entry point for the selected SIM,
sim_action( ) is called with a pointer to the CCB as an argument.

The cam_edt[ ] data structure is used and created\during the initialization process to contajin
the necessary information of all the targets found'on all the HBAs during the init sequence.

The CAM Flags used are as described in Table 18.
The success of a function is reported with a CAM Status of Request Completed without Errof.
The failure of a function is reparted with any other CAM Status except Request In Progress.

9J1.1 Initialization

The initialization of the"XPT and SIMs is under the control of the configuration_driver.

Dpe to the different UNIVOS-based systems, there is no common initialization process that
can controlcthe order of calls to the peripheral driver's and configuration_driver's inif()
rdqutines. [{ is necessary to make sure that the subsystem is initialized before any requesjs
can be_serviced from the peripheral drivers. Due to this constraint when the peripheral drive
inftialization routines are called the driver shall call the xpt_init() routine. If the subsystem/|i
not-yet initialized, the XPT shall call the configuration_driver to formally initialize t

y y p _
conflguratlon driver being called, all subsequent xpt_init calls shall simply return.

When the configuration_driver is called for initialization, it uses the cam_conftbl[ ] entry
structures. The configuration_driver makes the init() routine calls, to the XPT, and to each
SIM in turn, allowing them to initialize. The initialization routine for the SIM is called with its
Path ID as the argument. Interrupts shall be disabled or blocked by the configuration_driver
during the initialization process.

After the initialization process has been completed, the configuration_driver obtains
information about each SIM, HBA, and Logical Unit detected, and maintains a table, the
cam_edt[], of these devices. The information is obtained by using CCBs through the CAM
interface.
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Once the CAM subsystem is initialized and the cam_edt[ ] set, the peripheral drivers can use
the subsystem. This allows them to ascertain what devices are known and make appropriate
memory allocations and resource requests of the XPT.

The SCSI-2 inquiry command shall be issued to all Logical Units on the attached interfaces,
and shall contain an allocation length of 36 bytes, which is sufficient to transfer the device
information and the product information. The EVPD and page code fields in the inquiry
command shall be set to 0. It is assumed that the responding devices return the inquiry data,
even though the device may not be ready for other commands. A limited number of retries are
done for devices that return busy status following the inquiry command. If the retry limit is
rdached, the status of the device in the XPT is set to "not found". The inquiry command shall
be the only command issued by the XPT to the devices during initialization.

9J1.2 Accessing the XPT
9/1.2.1 From the peripheral driver

The XPT provides functions to obtain CAM system resources for the peripheral driver. These
functions are used to allocate and free CCB resources.

There are two routines used in the handling the CCB resources. The/two routines are

CCB *xpt_ccb_alloc() and
void xpt_ccb_free(CCB *):

— the xpt_ccb_alloc() routine returns a pointer to- the allocated CCB. The periphenal
driver can now use this CCB for its SCSI/XPT ‘requests;

— the xpt_ccb_free() routine takes a pointer, to the CCB that the peripheral driver has
finished with, and can now be returned_tg the CAM subsystem CCB pool;

— the pointer to the CCB returned from~the xpt_ccb_alloc() call shall be large enough fo
contain any of the possible XPT/SHM function request CCBs;

— the CCB can only be used (i.e:~sent to the XPT), once. Once the CCB has complet¢d
it shall be returned using thexpt_ccb_free() routine;

— the xpt_ccb_alloc() routine shall return a null if memory resources are not immediatgly
available.

9/1.2.2 From the SIM

The SIMs obtain reguests from the XPT as they are passed across from the peripheral drivar,
vip a routine included in the SIM's configuration information. The field in the configuratli{n
s

=

table is declared,as "long (* sim_action)(CCB *)". The XPT does not modify CCBs or CD
The XPT shalliintercept those CCBs which must be redirected to the configuration_driver (g
device type,)and set device type).

t

9{1.3%Callback on completion

The callback on completion field in the CCB Is a structure that Is platform specific, but always
contains at least a callback function pointer, named cbfcnp, and declared as "void
(*cbfcnp)(CCB *)". The argument to cbfcnp shall be the address to the CCB.

The Disable Callback on Completion feature should not be used. Peripheral drivers should not
poll the CAM Status field.

9.1.4 Pointer definition in the UNIVOS environment

Pointers in the CAM environment are treated as any other pointer in a given UNIVOS
implementation. For the Intel 80386 platforms, pointers are 32-bit virtual addresses into a flat
address space.
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9.1.5 Request mapping information

This field is expected to contain a pointer to the buffer structure that the SCSI I1/O CCB was
created for. This copy of the buf structure pointer, bp, is used by the SIM to get to the I/O
mapping information needed to access the data buffers allocated by the application program.
A value of null is allowed if there is no need for the SIM to map the data buffer addresses
(i.e., data count is zero), the buffer is internal to the kernel, or the addresses are physical.

9.1.6 XPT interface

ofder to transfer information and process user requests. The following defines thecen

T:[e XPT Inferface provides functions that peripheral drivers and SIM modules can accesstlm
points, and describes the required arguments and return values.

9/1.6.1 Functions for peripheral driver support
a) long xpt_init()
This routine is called by the peripheral driver to request that the XPT-and sub-layers be

nllitialized. Once the sub-layers are initialized any subsequent calls by ‘other peripheral drivefs
shall quickly return.

There are no arguments and the return value is either success op failure.
b) CCB *xpt_ccb_alloc()

This routine is used whenever a peripheral driver needs a CCB (the common data structufe
far processing SCSI requests). It returns a pointer to‘the allocated CCB which the periphenal
dfiver can now use as the CCB for its SCSIXPT requests. The returned CCB shall e
pfoperly initialized for use as a SCSI I/O request'CCB. The SIM private data area shall haye
bg¢en already set up to be used by the XPT and SIM, and shall not be modified by the
peripheral driver.

There are no arguments and the returii'value is a pointer to an initialized CCB.
c) void xpt_ccb_free(CCB *)

This routine takes a pointerto-the CCB that the peripheral driver has finished with so it can e
rgturned to the CAM subsystem CCB pool.

The argument is the pointer to the CCB to be freed, there is no CAM Status.
d) long xpty'action(CCB *)

All CAM/SCSI CCB requests to the XPT/SIM are placed through this function call. All returngd
CAM Status information is obtained at the callback point via the CAM and SCSI status fields

TheZargument is a pointer to the CCB, and the return value is either success or failure.

9.1.6.2 Functions for SIM module support
a) See 8.8 for loadable module support:
long xpt_bus_register(CAM_SIM_ENTRY *)
long xpt_bus_deregister(path_id)
b) void xpt_async(opcode, path_id, target_id, lun, buffer_ptr, data_cnt)

The SIM calls this routine to inform the XPT that an async event has occurred and that there
may be peripheral drivers which need to be informed.
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The opcode, path_id, target_id, lun, and data_cnt arguments are long 32-bit values.
The path_id, target_id, and lun define a Logical Unit for the async callback;

The opcode contains the value for what has happened;

The buffer_ptr and data_cnt are used to inform the XPT where and how much data
associated with the opcode.

1.7 SIM interface

is

The SIM interface provides functions to the XPT, and should never be accessed directly by
thle peripheral driver. Each vendors SIM should provide a publicly-defined eniry structu

S

T

ch as CAM_SIM_ENTRY cse_vendorname.

he following defines the entry points, and describes the required arguments @nd retu

values.

T

A

T

T

9]

a) long sim_init(path_id)

bth 1d assigned to the SIM and the returned value is either successgot\failure.
b) long sim_action(CCB *)

| CCB requests to the SIM are placed through this function call. All returned CAM Stat
[formation is obtained at the callback point via the CAM and’SCSI status fields.

ne argument is a pointer to a CCB, and the returned-value is either success or failure.

2 LANOS

ANOS drivers are called NLMs (LANOS _Ioadable modules). These modules are registerg

a:l:d linked dynamically with LANOS: they,are loaded after the operating system is initialize

d may be unloaded at any time.

ne LANOS CAM subsystem consists of 3 sets of NLMs:

peripheral drivers (NLMs)'that are device class specific;
the XPT router and SIM maintenance NLM;
SIM NLMs that are"HBA-specific.

PT when it is_ loaded.
he CAMElags used are as described in Table 18.

2CIk Initialization

nis routine is called by the XPT to request that the SIM be initializedi/The argument is the

ne peripheral drivers and SIMs communicate with the XPT through labels exported by the

re

'n

S

ed
ed

As the LANOS dynamic linker does not allow an NLM to load if it makes references to a label
it cannot resolve, the order in which the NLMs load is important. The XPT module exports four
entry points when it is loaded, and both peripheral drivers and SIM modules make references
to them. The XPT shall be loaded first, after which either peripheral drivers or SIMs may be

lo

aded.
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di

W

S

HBA from the XPT. The XPT then adds this SIM to its-internal tables so it can route reques
tg the new SIM. The XPT also notifies all peripheral drivers that registered an asynchrono
callback routine with the XPT (with the SIM module registered bit set), that a new Path
exists. Upon receiving this message the peripheral drivers can check for new devices on this

p

W

definition file shall be called. At thisitime, the driver needs to ascertain which, if any, SIMs a

rg

rg

rg
S(

9.

B

For an overview of SIM SCSI registration with the XPT see 8.8. For an gverview of peripher

As part of initialization the SIM shall call the xpt_bus_régister function once for each HBA

The peripheral driver sends)ya PATH INQUIRY CCB to each path to ascertain if a SIM

siipports on that path.)If the peripheral driver supports any devices on this path, it sh

peripheral driver,should also register for SIM registration to alert the driver of the need
lolcate devicesion a newly added SIM module.

Peripheral
driver references labels exported by XPT
A"
|
XPT xpt _action ();
xpt async ();
(first) xpt bus register ();
T xpt bus deregister ();
AN
SIM SIM references label

exported by XPT

Figure 2 — CAM layers

iver registration with the XPT see 8.6 and 10.2.7.

hen LANOS loads a SIM, it shall call the initialization routine specified in the LANOS linkpr
definition file. At this point the SIM can perform its initialization functions.

pports, to register the address of its entry point withithe XPT and to get a Path ID for ea

th.

hen LANOS loads a peripheral dtiver, the initialization routine specified in the link

gistered.

gistered. If a valid response is returned the peripheral driver checks for devices that

gister an asynchronous callback routine and specify the SIM registration in the opcode fig
that if the SIMDis de-registered, the peripheral driver shall be notified. In addition,

2.2 SIM and peripheral driver unloading

it
th
ts
Is
D

re

is
it
Al
Id
a
to

bfare a SIM unloads, it shall call the xpt_bus_deregister() function once for each path the

S

M supports. The XPT then calls every peripheral driver that has registered an asynchronous

callback routine with the SIM module de-registered bit set on this path. Peripheral drivers then
notify LANOS that the drives on this path are in an inactive state. The XPT then removes the
path from its internal tables and further peripheral driver requests on this path shall return
CAM Status of Invalid Path ID.

Before a peripheral driver unloads, it needs to notify the XPT module so that the dependency
tables can be updated. This is done by registering an asynchronous callback routine with the
opcode set to zero. The XPT then removes this driver from its callback tables.


https://standardsiso.com/api/?name=129e5b178bed2ab17e95a5e2c75fcb9c

- 30 - 9316-2 © ISO/IEC:2000(E)

The XPT can only be unloaded after all peripheral drivers and SIM modules have been
unloaded. LANOS does not allow an NLM to unload if it has exported labels that other NLMs
are using. As all SIM and peripheral drivers refer to labels exported by the XPT, LANOS does
not allow the XPT to unload until all the SIMs and peripheral drivers have been unloaded, at
which point there is nothing left for the XPT to support and it can be safely unloaded.

9.2.3 Accessing the XPT

LANOS allows an NLM to export functions which NLMs loaded at a later time can reference.
An NLM calls an exported function in the same way it calls any other function. The C
language calling convention is assumed. In order for communication between the peripheral
diivers, XPT, and SIM modules to work correctly the names of the XPT entry points have’to
be constant.

The entry points in the XPT module are:
—| xpt_action () accepts CAM control blocks from the peripheral driver and routes them to the
correct SIM,;

—| xpt_async () is used by the SIM module to notify the XPT when.anvasynchronous event
occurs;

—| xpt_bus_register () is used by the SIM to register a SCSI bus ‘with the XPT and obtain|a
Path ID for the SCSI bus;

—| xpt_bus_deregister () is used to de-register the passed‘Path ID and associated SCSI busg.

J2.4 Hardware registration

9

The SIM module needs to do the actual registration of the host adapter with LANOS. Singe
omly one SIM may support a given host adapter this prevents any hardware options from
being registered twice. The SIM does not register any devices with LANOS, only the hardwafe
options used by the card (e.g., interrupt line, base address, DMA, etc).

Interrupts generated by the host adapter are handled by the SIM module, so the SIM mulst
allso register its interrupt service foutine with LANOS.

A| peripheral driver registers~a logical card with LANOS for each path_id it supports. This
logical card uses no hardware resources, but does have entry points for I/O and I0CTL
rgquests from LANOS: The peripheral driver also reports the devices that it supports fo
LANOS.

The XPT doesynot register any hardware or devices with LANOS. It loads as a driver, but
dges not register any IOPOLL or IOCTL entry points.

9[2.5 Miscellaneous

Itlisthe responsibility of the peripheral driver to allocate memory for its CCB blocks. Normally
the peripheral driver needs to keep one CCB structure for each device it supports, so the
memory can be allocated in the data structure provided by LANOS when a device is added to
the system.

Since fast disk channels are essential for a LANOS server, peripheral drivers should never
poll the CAM Status field to wait for completion. The driver should send the CCB to the XPT
module and then either do more work, or exit immediately. The SIM module calls the function
whose address is in the callback field of the CCB block when the request is finished. The
callback function runs at interrupt level, so it cannot call any LANOS routines that are
"blocking" or the file server abends.
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9.3 DOS (disk operating system)

Under DOS, a software interrupt is used to access any of the XPT or SIM functions, which are
combined into a single module.

The routing functions of the XPT are performed by the DOS concept of "interrupt vector
chaining". During execution, an XPT/SIM module ascertains if a particular CCB is one that it
should handle. If not, it routes the CCB to the previous "owner" of the interrupt vector.

The CAM Flags used by the DOS XPT/SIM are described in Tabhle 18

9/3.1 Initialization

Dpring initialization, the XPT/SIM modules should be loaded as character device drivers.

As character device drivers are required by DOS to have unique names;.the 8-charactpr
device name should be "$$CAMxxx", where xxx is the ASCII decimal numeéric value of the
lowest Path ID supported by this XPT/SIM module.

The programming examples in this clause are used to assist the) reader's understanding.
Implementations do not need to use the same code, but they afre required to accomplish the
same goals.

9/3.1.1 Multiple XPTs
The pseudocode for the XPT initialization sequence is.as follows:

Get INT 4Fh interrupt vector;

Save this address for chaining;

IF there is a CAM XPT already installed (see 9.3.2.1)
Perform Path Inquiry (Path ID=0FFh) to get highest Path ID;
First Path ID = highest Path/ID + 1;

ELSE
First Path ID = 0;

END IF;

Count numberof\Path IDs needed;

IF no HBAs)to’support (count = 0)

Exitinitialization without installing driver;

ENDF;

Set INT 4Fh interrupt vector to point to CAM entry point;

Save highest Path ID used (first Path ID + count — 1);

Set character device name to "$$CAMxxx",

where xxx=first Path ID;
Perform all necessary HBA initialization;
FOR each SCSI bus supported:

FOR each SCSI ID (excluding initiator)

IF device exists
FOR each LUN
Perform INQUIRY to get PDT for table;
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END FOR;
END IF;
END FOR;
END FOR;

.3.1.2 Device table handling

The XPT/SIM is only required to keep the peripheral device type of the devices connected to

9.

T

the—supported-SCStHous(esT:

ol application programs.

J3.2.1 Testing for the presence of the XPT/SIM

3.2 Accessing the XPT

here are various mechanisms used to access XPT or SIM functions from peripheral drive

performing a "check install") function such as:

On entry:
AX = 8200h
CX = 8765h
DX = CBA%9h
On return:
AH = 0 (if successful)
CX = 9ABCh
DX = 5678h
ES:DI = address of character string "SCSI_CAM"
All other registers unaffected.
ne following routine checks/for the presence of an XPT/SIM module. It returns a value of 1

bripheral drivers and applications can check for the presence of am\XPT/SIM module (e.g.

s

module is found and a value of 0 if not found.
CHK_FOR_CAM-PROC NEAR

MOV CX,8765h ; load l.s.w. of signature
MOV DX,0CBA%h ; load m.s.w. of signature
MOV AX,8200h ; load "check install" code
INT 4Fh ; perform "check install"
CMP Ah.0 ; function supported?
JNE NOT_THERE ; if not, no xpt/sim
CMP DX,5678h ; check m.s.w. of signhature
JNE NOT_THERE ; if invalid, no xpt/sim
CMP CX,9ABCh ; check l.s.w. of signature
JNE NOT_THERE ; if invalid, no xpt/sim
CLD ; set direction flag
MOV CX.,8 ; load string length
MOV SI,OFFSET SCSI_CAM ; get string address
REPE CMPSB ; compare strings

f
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JNE NOT_THERE ; if strings differ, no xpt/sim
MOV AX,1 ; load "found" status
RET ; return to caller
NOT_THERE: MOV AX,0 ; load "not found" status
RET ; return to caller
CHK_FOR_CAM ENDP
SCSI_CAM DB 'SCSI_CAM' ; string to find

C4

T
SU

9.

W

J3.2.2 Sending a CCB to the XPT

in access the XPT/SIM functions by sending a CCB to the XPT/SIM e.g.

On entry:
ES:BX = address of the CCB
AX =8100h

On return:
AH = 0 if successful

= any other value if an error occurred

All other registers unaffected.

DTE The SIM may complete and return control to the location“pointed to by the callback on completion field
e CCB before the software interrupt returns.

ne following routine sends a CCB to the:XPT/SIM module. It returns a value of 0
ccessful and 1 if not.

SEND_CCB PROC NEAR

MOV AX,8106h ; load "send CCB" function
MOV ES,SEGMENT CCB ; load segment of CCB
MOV BX,OFFSET CCB ; load offset of CCB

INT 4Fh ; call XPT/SIM module
SHR AX,8 ; put return code in al

RET ; return to caller

SEND_CCB~ ENDP

3.3 €allback on completion

nce it is ascertained that an XPT/SIM module is present, the peripheral driver or@pplication

in

f

hen an 1/0O operation has completed, a XPT/SIM module shall make a FAR call to the

routine which had its address passed in the callback on completion field of the CCB. The first
4 bytes of this field are used to indicate the routine's address in the Intel segment:offset
format. When the callback is made, all hardware interrupts shall be disabled and ES:BX shall
point to the completed CCB.

9.

3.4 Asynchronous event callbacks

There are some differences in the DOS XPT/SIM implementation of asynchronous callbacks
as compared with the description in 8.6.

The DOS XPT/SIM does not support the SIM module loaded and SIM module unloaded
opcodes reported by the XPT/SIM module when the asynchronous callback routine is called.
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The SET ASYNCHRONOUS CALLBACK CCB is held by the XPT/SIM until it is
"de-registered". This is accomplished by sending another SET ASYNCHRONOUS CALLBACK
CCB to the XPT/SIM with all of the Asynchronous Event Enables field reset and the address
of the original SET ASYNCHRONOUS CALLBACK CCB in the Peripheral Driver Buffer Pointer
field. At that point the original CCB shall be dequeued and both CCBs shall be returned to the
peripheral driver or application.

NOTE There is an implication here that a peripheral driver or application which wishes to be notified when the
specified asynchronous event occurs, has to register separately with each Path ID.

The peripheral driver _buffer pointer_and size of allocated peripheral buffer fields in the SET
ABYNCHRONOUS CALLBACK CCB are considered as private data by the XPT/SIM, to the

used for CCB queuing.

When an asynchronous event occurs that is enabled by the bits in the Asynchronous Event
Epables field of the SET ASYNCHRONOUS CALLBACK CCB, the virtual address(specified by
the Asynchronous Callback Pointer field shall be called with the following registers:

On entry:
AH = opcode as specified in Table 1.
AL = Path ID that generated the callback.
DH = Target ID that caused event (if applicable).
DL = LUN that caused event (if applicable).
CX = data byte count (if applicable).
ES:BX = address of data buffer (if applicable).

On return:
All registers shall be preserved.

It|is the responsibility of the peripheral.dpiver or application to copy any or all required data
olt of the data buffer into a local buffer before returning from the asynchronous callbagk
rdutine.

9{3.5 Pointer definition
All pointers shall be passedto the XPT/SIM as segment:offset type virtual addresses.
10 CAM contrat-blocks

The CCBs used by peripheral drivers and applications to request functions of the XPT and
S|M have @ common header, as shown in Table 2.

Table 2 — CAM control block header

Size|Dir
4 o) Address of this CCB
2 0 CAM Control Block Length
1 0 Function Code
1 I CAM Status
Connect ID
1 Reserved
1 O Path ID
1 0 Target ID
1 O LUN
4 0 CAM Flags
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The sequence of the fields in the data structures shall be consistent between vendors (i.e.,
the binary offset shall be the same for every field). The binary contents of fields may vary
according to the memory addressing protocol of the processor.

The definition of the fields in the data structures can vary among operating systems and
hardware platforms, but the vendors are expected to provide compiler definitions which can
be used by third-party attachments. Several fields in the CCB are pointers, and their meaning
is dependent on the OS which is being supported. In general, these pointers are interpreted
as either virtual or physical addresses.

A

A
th
di

C(

a
reg

M
di

T

the XPT, or a SIM shall not free a CCB that has been sent to xpt_action() and has n

fditional bytes beyond the CCB header are dependent on the function code.

ose CCBs it has allocated after the allocating entity is finished with the CCB(s),-A periphe
iver, the XPT, or a SIM shall not free any CCB that it has not allocated. A peripheral driveg

mpleted (see O for further information on CCB completion). A peripherat-driver, the XPT,

peripheral driver, the XPT, or a SIM that allocates CCB(s) shall be responsible foriAfreeing

hble 3 summarizes the message support.

Table 3 — Support of SESI messages

SIM shall not free a CCB more then once per allocation of thal €CB and shall e
sponsible for keeping track of the CCB(s) it is using in a vendor unjgue manner.

ost SCSI messages are handled transparently by the SIM, but in some cases, the peripher
iver has been given the ability to force the SIM to issue a message.

al

-

ot
pr

ABORT Discretely supported by function codes
ABORT TAG Discretely supported by function codes
BUS DEVICE RESET Discretely supported by function codes
CLEAR QUEUE Not supported
COMMAND COMPLETE Transparently supported by SIM
DISCONNECT Transparently supported by SIM *
IDENTIFY Transparently supported by SIM
IGNORE WIDE RESIDUE Transparently supported by SIM
INITIATE RECOVERY Not supported
INITIATOR DETECTED (ERROR Transparently supported by SIM
LINKED COMMAND COMPEETE Transparently supported by SIM
MESSAGE PARITY ERROR Transparently supported by SIM
MESSAGE REJECT Transparently supported by SIM
MODIFY DATA _POINTER Transparently supported by SIM
NO OPERATIEN Transparently supported by SIM
Queue tag _Mmessages
HEAD OF QUEUE TAG Discretely supported by function codes
ORDERED QUEUE TAG Discretely supported by function codes
SIMPLE QUEUE TAG Discretely supported by function codes
RELEASE RECOVERY Not supported
RESTORE POINTERS Transparently supported by SIM
SAVE DATA POINTERS Transparently supported by SIM
SYNCH DATA TRANSFER REQUEST Transparently supported by SIM *
TERMINATE I/O PROCESS Discretely supported by function codes
WIDE DATA TRANSFER REQUEST Transparently supported by SIM
* Issuing this message influenced by peripheral driver via CAM Flags
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10.1 CCB header fields
10.1.1 Address of this CCB

Pointer containing the physical address of this CCB.

1.1.2 CAM control block length

This field contains the length in bytes of the CCB, including this field and the address of this
CCB in the total.

10.1.3 XPT function code
The function codes used to identify the XPT service being requested are listed in Table 4.
Table 4 — XPT function codes
Code

00-0F| Common functions

00h NOP

0lh Execute SCSI I/0 (see 11>2)
02h Get Device Type

03h Path Inquiry

04h Release SIM Queue

05h Set Asynchronous\*Callback
06h Set Device Type

07h Scan SCSI Bus

08-0F reserved
10-1F]| SCSI controly functions

10h Abort SC$I Command

11h Reset~SCSI Bus

12h Resgt) SCSI Device

13h Tgrminate I/0 Process

14h Scgan Logical Unit
15-1F reserved

20h {Engine Inquiry (see clause 12)
2Lh\\|Execute Engine
20 2F reserved
30=3F| Target mode (see 11.4)
30h Enable LUN

31h Execute Target I/0

32h Accept Target I/0

33h Continue Target I/O

34h Immediate Notify

35h Notify Acknowledge
36-3F reserved
40-7F reserved
80-FF|Vendor Unique

If a function code which is not supported is issued to the XPT, the XPT shall complete the
request and post CAM Status of Invalid Request.

10.1.4 CAM status

This field is returned by the SIM after the function is completed. A zero status indicates that
the request is still in progress or queued. CAM Status is defined in Table 5.

If autosense information is available, the code returned shall be incremented by 80h (e.g.,
04h indicates an error occurred, and 84h indicates that an error occurred and autosense
information is available for analysis).
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Table 5 — CAM status

00h Request in Progress

0lh Request Completed without Error
02h Request Aborted by Host

03h Unable to Abort Request

04h Request Completed with Error

05h CAM Busy

06h Invalid Request

07h Invalid Path ID

08h SCST Device Not Installed

09h Unable to Terminate I/O Process
0Ah Target Selection Timeout

0Bh Command Timeout

0Ch Reserved

0Dh Message Reject Received

OEh SCSI Bus Reset Sent/Received

OFh Uncorrectable Parity Error Detected
10h Autosense Request Sense Cmd Failed
11h No HBA Detected

12h Data Overrun
13h Unexpected Bus Free
14h Target Bus Phase Sequence Failuze

15h CCB Length Inadequate
16h Cannot Provide Requested Capability
17h Bus Device Reset Sent

18h Terminate I/0O Process
19h Unrecoverable Host Bus ®daptor Error
1Ah SCSI Bus Reset Denied
1B-32h Reserved
Targelt) mode only status
33h Initiator Detectied Error Received
34h Resource Unavaidlable
35h Unacknowledgéd Event by Host
36h Message Received

37h Invalid ¢DB

38h Invalid(LUN

39h Invaldd Target ID

3Ah Funictbion Not Implemented
3Bh Nexus Not Established
3Ch Invalid Initiator ID

3Dh SCSI CDB Received

3Eh LUN Already Enabled

3%h SCSI Bus Busy

+40h to indicate that SIM queue is frozen
+80h to indicate that autosense is valid

* [ 00h Request in Progress: the request is still in process;

* | 0xh¢Request Completed without Error: the request has completed and no error condition
was encountered;

* 02h Request Aborted by Host: the request was aborted by the SIM/HBA;

« 03h Unable to Abort Request: the SIM/HBA was unable to abort the request as instructed
by the peripheral driver;

* 04h Request Completed with Error: the request has completed and an error condition was
encountered;

e 05h CAM Busy: CAM unable to accept request at this time;

« 06h Invalid Request: the request has been rejected because it is invalid;
e 07h Invalid Path ID: indicates that the Path ID is invalid;

*« 08h SCSI Device Not Installed: peripheral device type field is not valid;
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09h Unable to Terminate I/O Process: the SIM/HBA was unable to terminate the request
as instructed by the peripheral driver;

0Ah Target Selection Timeout: The target failed to respond to selection;

0Bh Command Timeout: the specified command did not complete within the timer value
specified in the CCB. Prior to reporting this status the SIM/HBA shall ensure the command
is no longer active in the target;

ODh Message Reject Received: The SIM/HBA received a SCSI MESSAGE REJECT
message;

DTE 1. This CAM Status is forecasted as being deleted in future versions of CAM due to the following reasons:

OEh SCST Bus Reset Senif/Received: The SCSI operation was terminated at some point
because the SCSI bus was reset;

OFh Uncorrectable Parity Error Detected: An uncorrected SCSI bus parity error was
detected;

10h Autosense Request Sense Command Failed: The SIM/HBA attempted.-to.obtain sense
data and failed;

11h No HBA Detected: HBA no longer responding to SIM (assumed-to be a hardwafe
problem);

12h Data Overrun: target transferred more data bytes than petipheral driver indicated in
the CCB;

13h Unexpected Bus Free: an unexpected bus free condition occurred;

14h Target Bus Phase Sequence Failure: the Logical’Unit failed to operate in compliang¢e
with ISO/IEC 9316;

15h CCB Length Inadequate: more private data area is required in the CCB (see 10.2.3 fpr
further information);

16h Cannot Provide Requested Capability: resources are not available to provide the
capability requested in the CAM Flags;

17h Bus Device Reset Sent: this CCB was terminated because a BUS DEVICE RESHT
message was sent to the target;

18h Terminate 1/0 Process: this'CCB was terminated because a Terminate 1/O Process
function was specified for this CCB and the CCB was not an 1/O process within the Logical
Unit;

19h Unrecoverable Haost Bus Adaptor Error: this CCB was terminated because of|a
hardware error detected by the HBA. The error does not indicate a SCSI bus problem bput
an error within the-HBA or host;

1Ah SCSI Bus?Reset Denied: this CCB was not accepted by the SIM/HBA due to a hung
SCSI buscondition. This CAM Status is a result of an intelligent HBA detecting a huig
SCSI bus~and with a SIM/HBA specific mechanism, requesting permission from the
contralling SIM software to perform a SCSI bus reset. The permission to perform a SCBI
bus.reset was denied by the SIM;

Bintallicant DR A _thot vopnorie (1o SIMNIDA oo
e Htem g et rro e ratTep STV

I BA-SaaEE). buuna CSOCl b, t th airallina SN fiaas
eFts—{ih speeifie-anrerahtrg-SESHous-te-the-centreting-SHv-seftwdre

is always be granted the permission to reset the SCSI bus;

multiple SCSI bus resets could occur to clear the condition if the decision to reset the bus is left to multiple

peripheral drivers.

33h Initiator Detected Error: indicates the the SIM/HBA has received an INITIATOR
DETECTED ERROR message;

34h Resource Unavailable: indicates that the SIM/HBA has run out of resources for
processing connections (Host Target Mode only);

35h Unacknowledged Event: indicates that the Host Target Mode peripheral driver has not
acknowledged an event;

36h Message Received: indicates that a message has been received by the SIM/HBA that
requires attention;
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37h Invalid CDB: indicates that the SIM/HBA has detected an error condition on reception
of a CDB;

38h Invalid LUN: indicates that the Logical Unit specified is outside the supported range of
the SIM/HBA;

39h Invalid Target ID: indicates that the Target ID does not match that used by the HBA
specified by the Path ID field;

3Ah Function Not Implemented: indicates that target mode is not supported;

3Bh Nexus Not Established: there is currently no connection established between the

T

DTE 2 This status can also be returned if the target tries to reselect an initiator other than the.ope’to which
s previously connected.

ne connect ID consists of 4 separate fields, of which theirst is reserved.

D.1.6 CAM flags

specitied Target ID and target LUN with any initiator;

3Ch Invalid Initiator ID: the initiator ID specified is outside the valid range (that |is
supported;

it

3Dh SCSI CDB Received: indicates that the target has been selected and’that the SCBSI
CDB is present in the CCB;

3Eh LUN Already Enabled: the LUN identified in enable LUN was previously enabled;
3Fh SCSI Bus Busy: the SIM failed to win arbitration for the-SCSI bus during severnal
different BUS FREE phases.

.1.5 Connect ID

Path ID

The Path ID specifies the SCSI bus on_the installed HBA to which the request |is
addressed. Path IDs are assigned by the XPT, begin with zero, and need not ﬁ:e
consecutive. The Path ID of FFh is assigned for the XPT. A HBA may have more than o

SCSI bus. A SIM may support more than one HBA.

Target ID

This field identifies the SCSttarget which is to be selected for execution of the CQB
request.

LUN
This field identifies the SCSI LUN to which this CCB is being directed.

The CAM flagsqualify the function to be executed, and vary by function code (see 11.1.3).
10.2 Function codes

10.2.1» NOP

A peripheral driver can execute this function at any time. The XPT shall call sim_action()

passing this CCB if the Path ID is valid. The SIM shall return immediately.
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Table 6 — NOP CCB

Size|Dir NOP CCB
4 0 Address of this CCB
2 0 CAM Control Block Length
1 0 Function Code
1 I CAM Status
Connect ID
1 Reserved
1 (6] Path ID
1 Target ID
1 LUN
4 CAM Flags

nis function shall return a CAM Status of:

.2.2 Get device type

CAM Status of Request Completed without Error;
CAM Status of Invalid Path ID indicates that the specified Path ID_is6t installed.

br a given Logical Unit this function returns the Peripheral BDevice Type of the INQUIRY
sponse data, and optionally the first 36 bytes of inquiry data:

Table 7 — Get devicedype CCB

Size

Dir

CGet device type

= I

e N

H O O O

H ®0y0 O O

Address of thdis CCB
CAM ControlI-Block Length
FunctionxCode
CAM Status
Connect” ID
Reserved

Path ID

Target ID

LUN
CAM Flags
Inquiry Data Pointer
Peripheral Device Type of Logical Unit

pvices):

T

he information on attached SCSI devices is gathered at power-on by the XPT/SIM (to
iminate.the need for each driver to duplicate the effort of scanning the SCSI bus fpr

ne-Peripheral Device Type of the Logical Unit field is the Peripheral Device Type from the

INQUIRY response data. The XPT/SIM shall generate this data by taking byte 0 of the

INQUIRY response data and setting bits 7-5 to zero.

If the Inquiry Data Pointer field contains a value other then null, it shall point to a buffer of at
least 36 bytes. When the Inquiry Data Pointer field is not null the XPT/SIM shall copy the first
36 of INQUIRY response data from its internal tables to the identified buffer, if the Logical
Unit responded with INQUIRY response data to the INQUIRY command as defined by SCSI-2.

This function shall return a CAM Status other than Request in Progress. The CAM Status
shall be one of the following:
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— Request Completed without Error indicates that the specified device is installed and the
peripheral device type field is valid;

— SCSI Device Not Installed indicates that the peripheral device type field is not valid;
— Invalid Path ID indicates that the Path ID is invalid.

10.2.3 Path inquiry
This function shall return information on the installed addressed HBA/SCSI bus(es) hardware,

or the XPT. To obtain further information on a specific HBA(s)/SCSI bus(es) attached, this
function can be issued for each assigned Path ID.

Ifithe Path ID field of the CCB has a value of FFh (the XPT Path ID), then the only fields thjat
shall be valid upon return to the caller are the Highest Path ID Assigned field and the*Version
Number field. The highest Path ID assigned field shall not be valid if the Path,ID)field in the
C[CB contains a value other than FFh.

=3

some operating system environments it may be possible to dynamically load and unload
S|Ms, so Path IDs may not be consecutive from 0 to the highest PathID“assigned.

Table 8 — PATH INQUIRY CCB — Part kof 2

Size|Dir| Path inquiry

4 ) Address of this CCB
2 0 CAM Control Block Eength
1 0 Function Code
1 I CAM Status
Connect ID
1 Reservgd
1 O Path ID
1 0] Target)ID
1 O LUN
4 0 CAM Flags
Fe@thures Supported
1 I Version Number (SIM/HBA or XPT)

00-07h (see rev. no. explanation)
08h (see rev. no. explanation)
09-39h (see rev. no. explanation)
40-ffh (see rev. no. explanation)
1 I SCSI Capabilities
7 Modify Data Pointers
Wide Bus 32
Wide Bus 16
Synchronous Transfers
Linked Commands

Reserved
Tagged Queuing
Soft Reset

O N WD Uy
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Table 8 — (continued)

Size|Dir| Path inquiry

1 I Target Mode Support
7 Host Target Mode
Phase Cognizant Mode
Target Mode Disconnects
Terminate I/O Process
Group 6 Commands
Group 7 Commands
1 -0 Reserved
1 I Miscellaneous
7 0=Scan Low to High
1=Scan High to Low
6 O0=Removables Included in Scan
1=Removables not Included
5 1l=Inquiry Data not Kept by XPT
4 -0 Reserved
HBA Capabilities
Engine Count (see Clause 12)
Vendor Unique
Size of Private Data Area
Asynchronous Event Capabilities
31-24 Vendor Unique
23-8 Reserved
New Devices Found DuAing Rescan ( )
SIM Module De-registéered ( )
SIM Module Registered (XPT)
( )
( )

N W & U1 O

HHH H

Sent Bus Device ‘Reset to Target
SCSI AEN

Reserved
Unsolicited\Reselection (SIM)
0 Unsolicited SCSI Bus Reset (SIM)
I Highest Path ¥D Assigned
I SCSI Device. D (of initiator)
Reserved
Reserwved
I Vendot ID of SIM Supplier
Vendor ID of HBA Supplier
0 O0SD\\Usage Pointer

PN W oy

=
e e N = S = =

-

Iflno Path IDs exist/{i:e., no SCSI buses are registered), then the highest Path ID Assigned
field shall be FFh the’ID of the XPT.

NOTE For CCBs)other than PATH INQUIRY CCB with a Path ID of the XPT the CCB is returned with a CAM
Stiatus of Invalid.Path ID.

The Version Number field shall identify the revision number of CAM the SIM/HBA or the XRT
conforms to. PATH INQUIRY CCBs addressed to a valid SIM/HBA or the XPT shall
respectlvely place in the Version Number f|eld the CAM reV|5|on number it conforms to. [A

=Y £ 00 teo-0OZh—rans ant o g Z (i o Ol rany it
V\.lolull AHRBe—o—oo—t6—o- 1 |\.p|\.o\,|uo FEWHSTORS '.IIIUI to—Fewstor—1— (-C ot |\.p|\.o\.| S

revision 1.0 and 07h represents revision 1.6). A version number of 08h represents revision
number 1.7 and version numbers 09h to 39h represents the CAM revision numbers 1.9 to 3.9
(i.e., a version number of 20h represents revision 2.0 and a version number of 31h represents
revision 3.1). Starting with CAM revision 4 the version number is based on a 40h plus the
revision number (i.e., a version number of 44h represents the CAM revision number of 4 (40h
+ decimal rev number converted to hex) and a version number of 47h represents CAM
revision 7). The letter suffix usage in the CAM revision numbers denotes editorial changes in
the document and shall not be used in representing the CAM revision number (e.g., CAM
revision 12a is represented in the Version Number field as 4Ch).

CAM revision numbers of 00h through 4Bh represent draft versions prior to this International
Standard.
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The current CAM revision number is 12b (i.e. the version number for this International
Standard is 4Ch).

The SCSI Capabilities field is a duplicate of byte 7 field in inquiry data.

The OSD Usage Pointer field is provided for OS-specific or platform-specific functions to be
executed by the SIM. The contents of this field are vendor-specific and are not defined in this
International Standard.

| , TS —Te—Size . . : =10
bg¢cause the OSD has central allocation of private data requirements, or it is a fixed sizeJas

The Asynchronous Event Capabilities field indicate what reasons can cause the XPT/SIM fo
geénerate an asynchronous event callback.

This function shall return a CAM Status other than Request in Progress. The CAM Statlis
shall be one of the following:

—| Request Completed without Error indicates that the other returned fields are valid;
—| No HBA Detected indicates that the HBA is no longer responding to the SIM;
—| Invalid Path ID indicates that the specified Path ID is ©iot“installed.

10.2.4 Release SIM queue

This function is provided so that the peripheral“driver can decrement a SIM queue frozen
count or ascertain the SIM queue frozen count*without modification for the addressed Logical
Upit. Determining the current SIM queue frezen count without modification is accomplished by
ispuing this function with the CAM Flag«of SIM Queue Freeze bit set to a one. With the CAM
Flag of SIM Queue Freeze bit set to zero, the SIM/HBA shall decrement the SIM queue froz¢n
count by one and shall release the.SIM queue for the addressed Logical Unit when the count
rdaches zero. The SIM/HBA shall_return the current SIM queue freeze count for the Logidal
Upit in the SIM Queue Frozen Count Field for either value of the CAM Flag of SIM Queuye
Freeze bit. See 8.4.2.3 for further clarification on the SIM queue frozen state.

The SIM Queue Frozen)Count field shall be zero or a positive value and shall be ascertaingd
by the following.

—| If the CAM-Elag of SIM Queue Freeze bit is set to a one, the SIM/HBA shall place the
current SIM queue frozen count without any modifications into the SIM Queue Frozen
Countfield.

—| If thexCAM Flag of SIM Queue Freeze bit is set to a zero, the SIM/HBA shall decrement by
one'the current SIM queue frozen count and shall place that value if positive, or a zefo
value if negative, into the SIM Queue Frozen Count field.

The setting of a zero value into the SIM Queue Frozen Count field when the current SIM
queue frozen count is negative prevents a false SIM queue frozen state. The SIM/HBA
shall not freeze the SIM queue if the SIM queue frozen count is negative. It is
recommended that the SIM/HBA set SIM queue frozen count to zero upon the detection of
a negative SIM queue frozen count.
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Table 9 — Release SIM queue

9316-2 © ISO/IEC:2000(E)

Size|Dir

Rel ease SI M queue

N
H O O O

Address of this CCB
CAM Control Block Length
Function Code
CAM Status
Connect ID
Reserved
Path ID

N N e
H O O O|O

Target ID
LUN
CAM Flags
SIM Queue Frozen Count

T
shall be one of the following:

D.2.5 Scan SCSI bus
T

e

nis function shall return a CAM Status other than Request in Progress.(The CAM Statlis

Request Completed without Error;
Invalid Path ID indicates that the Path ID is invalid.

the identified Path ID. The target and LUN fields shall'be ignored. The XPT/SIM shall sc
ch Logical Unit address on the SCSI bus and»update its tables with the inquiry d
pfovided by each Logical Unit that responds.

nis function shall cause the XPT/SIM to update its internal tables on the installed devices;{n

Table 10 - SCAN SCSI BUS CCB

Size|Dir

Scan SCSI bus

N
= O O O

[

Addpess of this CCB
CAM Control Block Length
Function Code
CAM Status
Connect ID
Reserved

Path ID

Target ID

LUN
CAM Flags

v

function can

ne information on attached SCSI devices is gathered at initialization by the XPT/SIM. Thi
nction”is provided to force an update of the table contents. Using this function at any oth

do no further work until this function completes. Any new devices detected during

the scan shall generate asynchronous callbacks to peripheral drivers registered for new

devices found.

This function shall return a CAM Status other than Request in Progress. The CAM Status

shall be one of the following:

table updated;

Invalid Path ID indicates that the Path ID is invalid.

Request Completed without Error indicates that the devices have been scanned and the
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10.2.6 Scan logical unit

This function shall cause the XPT/SIM to update its internal tables on the installed device on
the identified Path ID, Target ID, and LUN. The XPT/SIM shall scan the Logical Unit
addressed on the SCSI bus and update its tables with the inquiry data provided by the Logical

U

T
o]

r
u
ag

T

A

T
S4
ag
ag
aj

shall be one of the following:

nit that responds.

Table 11 — SCAN LOGICAL UNIT CCB

SizelDir Scan Ingiral uni t
4 0 Address of this CCB
2 ) CAM Control Block Length
1 0 Function Code
1 I CAM Status

Connect ID
Reserved
Path ID
Target ID
LUN
CAM Flags

[
O O OO

nis function is provided to force an update of the table of,contents for a Logical Unit npt
esent or configured when the Scan SCSI Bus function)was invoked. Execution of this

spond to selections. Furthermore, the thread that calls this function can do no further wofk
til this function completes. A new Logical Unit_detected during the scan shall generate
synchronous callbacks to peripheral drivers registered for new devices found.

f%‘nction can severely degrade SCSI Bus performance, if{the scanned Logical Unit does npt

nis function shall return a CAM Status aother than Request in Progress. The CAM Statlis

Request Completed without Erroriindicates that the devices have been scanned and the
table updated;

Invalid Path ID indicates that the Path ID is invalid.
D.2.7 Set asynchronous.callback

synchronous event callbacks are described in 8.6.

nis function issprovided so that a peripheral driver can register a callback routine for the
blected Logical-Unit. The function shall register a routine for receipt of callbacks for selectg¢d
ynchronous™~'events that occur on the selected Logical Unit. It is required that the
synchronouds callback field be filled in with the callback routine address if any of the
ynchronous events enabled bits are set.
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Table 12 — SET ASYNCHRONOUS CALLBACK CCB

Size|Dir

Set asynchronous cal | back

N
H O O O

Address of this CCB
CAM Control Block Length
Function Code
CAM Status
Connect ID
Reserved

4 0
4 0
1 0]

1 0] Path ID

1 0 Target ID
1 0] LUN

4 0 CAM Flags

4 0

Asynchronous Event Enables
31-24 Vendor Unique
23-8 Reserved
New Devices Found During Rescan
Path ID De-registered
Path ID Registered
Sent Bus Device Reset to LUN
SCSI AEN (LUN)
Reserved
Unsolicited Reselection \LUN)

0 Unsolicited SCSI Bus Reset (LUN)
Asynchronous Callback Poipter
Peripheral Driver Buffek Pointer
Size of Allocated Perigheral Buffer

PN WS ooy J

shall be one of the following:

accepted;

This function shall return a CAM Status other .than Request in Progress. The CAM Statlis

—| Request Completed without Error indicates that the registration of the callback routine was

—| Request Completed with Error indicates that the registration was rejected (possibly due
invalid parameter settings);

—| Invalid Path ID indicates that the Path ID is invalid.

10.2.8 Set device type

thee table of attached periphe

In response to this function, the XPT/SIM shall add the Target ID, LUN, and peripheral type

rals built during CAM initialization.

Table 13 — SET DEVICE TYPE CCB

to

to

Size|Dir| Set device type
4 0 Addre of this CCB
2 ) CAM Control Block Length
1 o} Function Code
1 I CAM Status
Connect ID
1 Reserved
1 0] Path ID
1 0 Target ID
1 0] LUN
4 0 CAM Flags
1 ) Peripheral Device Type of LUN
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The XPT/SIM does not check the validity of the information supplied by the peripheral driver.

NOTE Insertion of device type information may corrupt the table, and the results would be unpredictable.

This function shall return a CAM Status other than Request in Progress. The CAM Status
shall be one of the following:

Request Completed without Error indicates that the specified information was inserted into
the table of SCSI devices;

Request Completed with Error indicates a problem (e.g., not enough room in the table to

10.3.1 Abort SCSI command

If

C

E

T
b4

T
ag

This function requests that a SCSI command be aborted by identifying the<CCB associat¢d
w|th the request. It should be issued on any I/O request that has not completed that the driver

e
on the SCSI bus based on the following conditions.

(4.
DMMAND TERMINATED), then thellEXECUTE SCSI I/O REQUEST CCB shall complete
ngrmally as specified by this Interhational Standard. If autosense is specified for the

KECUTE SCSI I/O REQUEST CCB then the SIM/HBA shall retrieve the autosense data.

Nis request does not necessarily result in an ABORT message or an ABORT TAG message
ping issued over the SCS) Bus if the CCB identified is not an established 1/O process.

ne specified Execute I/O Request CCB may be in one of the following states whi¢h

add the device information).

.3 SCSIl control functions

pects to abort. The SIM/HBA shall issue an ABORT message or anfABORT TAG message

ABORT message:

— the CCB identified in the CCB to be Aborted Pointer field is not an established
I_T L _Q nexus I/O process and is an established-I\J_L nexus I/O process (untagged
command currently active).

ABORT TAG message:
— the CCB identified in the CCB to be Abarted Pointer field is an established I T L |Q
nexus 1/O process.

a contingent allegiance condition is in -effect for the specified Execute I/O Request C(B
g., a SCSI status has been returned from the Logical Unit of CHECK CONDITION pr

certains the ultimate results of the Abort SCSI Command function.

Not contained within the SIM/HBA queues for the addressed Logical Unit.

— ThevSIM/HBA shall not be responsible for any further processing for the specifig¢d
CCB.

Contained within the SIM/HBA queues for the addressed Logical Unit, but is not an 1O

process within the Logical Unit.

— The SIM/HBA shall set the CAM Status field in the specified CCB to Request Aborted
by Host and return the CCB by the mechanisms specified within the CCB.

Contained within the SIM/HBA queues for the addressed Logical Unit, and is an 1/O
process within the Logical Unit.

The SIM/HBA detects a SCSI bus phase other than BUS FREE in response to the
initiators ABORT or ABORT TAG message. The SIM/HBA shall set the CAM Status field
for the specified CCB to Unable to Abort Request and shall complete processing for the
specified CCB as specified in this International Standard.
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— The SIM/HBA detects a SCSI bus phase of BUS FREE in response to the initiators
ABORT or ABORT TAG message. The SIM/HBA shall set the CAM Status field for the
specified CCB to Request Aborted by Host and shall complete processing for the
specified CCB as specified in this International Standard.

Table 14 — ABORT SCSI COMMAND CCB

N N
O O O O O

Size|Dir| Abort SCSI command
4 0] Address of this CCB
O CAM Control bBlocCck Lengtn
1 0] Function Code
1 I CAM Status

Connect ID
Reserved
Path ID
Target ID
LUN
CAM Flags
CCB to be Aborted Pointer

shall be one of the following:

This function shall return a CAM Status other than Request ift Progress. The CAM Statlis

—| Request Completed without Error indicates that the PathvD is valid;

—| Invalid Path ID indicates that the Path ID is invalid.

1(0.3.2 Reset SCSI bus

I5).

This function is used to reset the specifiedSCSI bus. This function should not be used
ngrmal operation. This request shall always“result in the SCSI RST signal being asserted (s§
8

Tabley15 — RESET SCSI BUS CCB

Si ze [ Dir

Reset SCSI bus

L | SN
H O O Q

N
[oNeoNeoNe]

Address of this CCB
CAM Control Block Length
Function Code
CAM Status
Connect ID
Reserved

Path ID

Target ID

LUN
CAM Flags

in
be

This function shall return a CAM Status other than Request in Progress. The CAM Status

shall be one of the following:

— Request Completed without Error indicates that the Path ID is valid;
— Invalid Path ID indicates that the Path ID is invalid.

The actual failure or success of the Reset SCSI Bus function is indicated by the asynchronous

callback information.
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10.3.3 Reset SCSI device
This function is used to reset the specified SCSI target. This function should not be used

normal operation. This request shall always result in a BUS DEVICE RESET message bei
issued over the SCSI Bus (see 8.5).

Table 16 - RESET SCSI DEVICE CCB

in
ng

Size|Dir| Reset SCSI device
4 0 Address of this CCB
2 0 CAM Control Block Length
1 0 Function Code
1 I CAM Status
Connect ID
1 Reserved
1 O Path ID
1 0 Target ID
1 O LUN
4 0 CAM Flags

shall be one of the following:

—| Request Completed without Error indicates that the Path ID is valid;
—| Invalid Path ID indicates that the Path ID is invalid:

The actual failure or success of the Reset «SCSI Device function is indicated by t
asynchronous callback information.

10.3.4 Terminate I/O process

associated with the request. It should be issued on any I/O request that has not complet

mlessage on the SCSI bus based on one of the following conditions:

—| The CCB identified in jthe CCB to be Terminated Pointer field is an established | T|L

nexus 1/0O process((untagged command currently active);

—| The CCB identified in the CCB to be Terminated Pointer field is an established | T L [Q

nexus 1/O process.

(d.g., a SCSI status has been returned from the Logical Unit of CHECK CONDITION

normally as specified by this International Standard. If autosense is specified for t
EXECUTE SCSI I/O REQUEST CCB then the SIM/HBA shall retrieve the autosense data.

This function shall return a CAM Status other than Request invProgress. The CAM Statlis

This function requests that a SCSIV1/O request be terminated by identifying the CdB

thiat the driver expects to terminate. The SIM/HBA shall issue an TERMINATE I/O PROCESS

Ifla contingent® allegiance condition is in effect for the specified Execute 1/O Request C(QB

COMMAND TERMINATED), then the EXECUTE SCSI I/O REQUEST CCB shall complefe

he

¢d

pr

Te

This request does not necessarily result in an TERMINATE I/O PROCESS message bei
issued over the SCSI Bus if the CCB identified is not an established 1/O process.

ng
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Table 17 — TERMINATE I/O PROCESS CCB

Size|Dir| Terminate |1/ O process

Address of this CCB

CAM Control Block Length
Function Code

CAM Status

Connect ID

N
H O O O

T

T
ay

nis function shall return a CAM Status other than Request in Progress.(The CAM Statlis
shall be one of the following:

Request Completed without Error indicates that the Path ID is valid
Invalid Path ID indicates that the Path ID is invalid.

ne specified Execute 1/O Request CCB may be in ong, of the following states whigch
bcertains the ultimate results of the Terminate I/O Process function.

Not contained within the SIM/HBA queues for the addressed Logical Unit.

Contained within the SIM/HBA queues forithe addressed Logical Unit, but is not an 1O
process within the Logical Unit.

Contained within the SIM/HBAvqueues for the addressed Logical Unit, and is an 1O
process within the Logical Unit:

1 Reserved

1 (6] Path ID

1 0 Target ID

1 O LUN

4 0 CAM Flags

4 0 CCB to be Terminated Pointer

The SIM/HBA shall not be responsible for,any further processing for the specifi¢d
CCB.

The SIM/HBA shall set the CAM(_Status field in the specified CCB to Terminate 1O
Process and return the CCB bylthe mechanisms specified within the CCB.

The SIM/HBA receives*a MESSAGE REJECT message in response to the initiators
TERMINATE I/O PROCESS message. The SIM/HBA shall set the CAM Status field fpr
the specified CEB”to Unable to TERMINATE 1/0O Process when the I/O Process |is
completed as-specified in ISO/IEC 9316 and shall complete processing for the
specified GCB as specified in this International Standard.

The SIMMIBA receives a SCSI-2 status byte other than COMMAND TERMINATED fpr
the spetified CCB. The SIM/HBA shall set the CAM Status field for the specified CGB
to.Unable to TERMINATE I/O Process when the 1/0O Process is completed as specifig¢d
i ISO/IEC 9316 and shall complete processing for the specified CCB as specified [in
this International Standard.

- e
specified CCB. The SIM/HBA shall set the CAM Status field to Request Completed with
Error when the 1/O Process is completed as specified in ISO/IEC 9316 and shall
complete processing for the specified CCB as specified in this International Standard
(e.g., Autosense mechanisms).
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11 CAM control block to request I/O

Peripheral drivers should make all of their SCSI I/O requests using this CCB, which is
designed to take advantage of all features of SCSI that can be provided by virtually any
HBA/SIM combination. The CCB is common in format and structure for the following function
codes:

Execute SCSI I/O (see 11.2 and Table 20 for further information);

—| Accept Target 1/O (see 11.6.9 and Table 27 for further information);
—| Continue Target I/O (see 11.6.10 and Table 28 for further information);
—| Execute Engine Request (see clause 12 and Table 30 for further information),

11.1 Field descriptions for CAM control blocks to request 1/0
11.1.1 Autosense Residual Length

This field contains the difference in twos complement form of thethtimber of autosense data
bytes transferred by the HBA compared with the number of autosense bytes requested by the

C[EB. This is calculated by the total number of autosense bytesrequested to be transferred by
the CCB minus the actual number of autosense bytes transferred by the HBA.

11.1.2 Callback on completion

See 8.3.2 for callback on completion of a queued CCB.

11.1.3 CAM flags

This field contains bit settings as described in Table 18 to indicate special handling of the
rgquested function.
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Table 18 — CAM flags — Part 1 of 2

Size| Bit CAM f | ags

1 |[7-6 |[Direction

Bit 7 Bit 6 Direction

Reserved
Data in (e.g., Read from Logical Unit)
Data out (e.g., Write to Logical Unit)

R OO
Ro = O

No data transfer

1=Disable Autosense
1=Scatter/Gather

1=Disable Callback on Completion
1=Linked CDB

1=Tagged Queue Action Enable
1=CDB is a Pointer

O N W O

1=Disable Disconnect
l1=Initiate Synchronous Transfers
1=Disable Synchronous Transfers
SIM Queue Priority

l1=Priority Insertion

0=Normal (tail insertion)
# 3 SIM Queue Freeze
# 2 SIM Queue Freeze Disable

+H= =
SO oy J

Bit 3 [Bit 2 |Queue Action

0 0 SIM Queue Frozem if CAM Status not Request Complete
w/o Error

0 1 SIM Queue nqot/)Frozen for all CAM Statuses

SIM Queue Faozen when CCB completes

1 1 Invalidssetting of CAM Flags

[
(@]

=

Engine Synchronize
Reserved

(@]

SG List/Data O0=host l=engine
CDB Pointen 0=VA 1=PA
SG List/Data 0=VA 1=PA
Sense BUffer 0=VA 1=PA
Message ~Buffer 0=VA 1=PA
Next ‘€CB 0=VA 1=PA
Cahtback on Comp 0=VA 1=PA
3G¥List Pointers 0=VA 1=PA

O N WD oy I

# These 'bits are mutually exclusive.
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Table 18 (continued)

Size| Bit CAM f | ags
1 7-0| Target mode-specific CAM Fl ags

Bi t Host Target Phase Cogni zant

7 Send Status Data Buffer Valid

6 Disconnects Mandatory Status Buffer Valid

5 Terminate 1/0 Message Buffer Valid

4 Reserved Reserved

3 0 = Host Target Mode 1 = Phase Cognizant Mode

2 Reserved 1 = Target CCB Available

1 Reserved 1 = Disable AutoDisconpect
0 Reserved 1 = Disable AutoSave/Rgstore

1.1.3.1 Byte 1 bits

16 Direction — These encoded bits identify the expected direction pf\data movement durifg
data transfer. In the Execute Engine Request CCB they have different meaning (see 13.1f):

— asetting of 01 indicates a read operation (data transfer from target to initiator);
— asetting of 10 indicates a write operation (data transfef from initiator to target);
— asetting of 11 indicates there is to be no data transfer.

Disable Autosense — When set to 1, this bit disableS-autosense.

DTE It is expected that Autosense will be mandatory in fututeyversions of CAM and this bit may be reserved.

Scatter/Gather — When set to 1, this bit indicates that data is not to be transferred to/from
a single location in memory but to/from several. In this case the Data Buffer Pointer refefs
to a list of addresses and lengths in bytes at each address to which the data is to be
transferred. The format of the SG Listlis defined in Table 19.

Table-19 — Scatter Gather List

Si ze
4 Data Address 1
4 Data Length 1
4 Data Address 2
4 Data Length 2
4 Data Address n
4 Data Length n

Disable Callback on Completion — When set to 1, the peripheral driver does not want the
SIM to callback automatically when the request is completed. This implies that the callerl|is

pottmg—for—a—CAM—Status—othrer—thanm—Request—mm—Progress—status;,—which—indicates
completion of the request.
Linked CDB — When set to 1, this CDB is a SCSI linked command. If this bit is set, then

the Control field in the CDB shall have bit 0 = 1. If not, the results are unpredictable. See
11.3 for further information.

Tag Queue Action Enable — When set to 1, the SCSI CDB contained or pointed to within
the SCSI I/O REQUEST CCB shall have Tag Queuing attributes. See 11.1.21 for further
information.

CDB is a Pointer — When set to 1, the first four bytes of the CDB field shall contain a
pointer to the location of the CDB.
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11.1.3.2 Byte 2 bits

7

Disable Disconnect — When set to 1, the disconnect capability of SCSI is disabled. The
default of O sets bit 6 = 1 in the SCSI IDENTIFY message.

Initiate Synchronous Transfers — When set to 1, indicates the SIM shall negotiate for the
best transfer parameters it is capable of with the target, and wherever possible, execute
the negotiated transfer parameters (synchronous, fast, wide transfers).

Disable Synchronous Transfers — When set to 1, indicates the SIM shall negotiate for the
least transfer parameters (asynchronous, narrow transfers) if the SIM previously
negotiated synchronous. If unable to negotiate synchronous (best transfer parameters) or

0
1

T

th

pI
S

—

negotiation has not yet been attempted, the SIM shall not initiate negotiation.

SIM Queue Priority — When set to 1, the SIM shall place this CCB ahead of alk-C(B
operations with normal priority sent to the Logical Unit and at the tail of the Logical Uni{'s
(FIFO order) priority internal queue.

SIM Queue Freeze — When set to 1, the SIM shall place its internal Logical,Unit queue inJ:o
the frozen state. Upon callback, the CAM Status for this CCB shall haveythe SIM Quele
Freeze flag set. This bit should only be set for SIM error recovery and should be used |in
conjunction with the SIM Queue Priority bit and the release SIM quelé,command.

SIM Queue Freeze Disable — When set to 1, the SIM queue freeze mechanism shall he
disabled (i.e., the SIM queue shall not be frozen for the Logical Unit addressed in this
CCB in the event of a CAM Status other than Request Complete without Error).

Engine Synchronize — This bit is used in conjunction with the Direction in or out settings o
flush any residual bits before terminating engine processing (see clause 12 for furthpr
information).

Reserved

1.1.3.3 Byte 3 bits

1.1.3.4 Byte 4 bits for Phase-Cognizant Mode

at contains a Virtual Address. If the~SIM needs an address in a different form to th
ovided, it shall be converted by .the'SIM (using OSD facilities) and stored in Private Daf
e 13.1 for a description of bit 7

ne Phase-Cognizant-Mode only flags are only active on ENABLE LUN or EXECUT
ARGET I/O CCBs. See'11.5 for complete details.

15 The buffer valid’bits identify which buffers have contents. In the event that more than one
bit is set, they shall be transferred in the sequence of data buffer, status, message buffer].

operate'in Phase-Cognizant Mode, otherwise it shall operate in Host Target Mode.

he Pointer fields are set up to have one characteristic. If a bit is set to 1 it shall indicate the
pointer field described that contains a Physical Address. If set to 0 it shall indicate the point

Phase<Cognizant Mode — If target operations are supported, when set to 1, the SIM shall

er
at
a.

is

Target CCB Available — When set to 1, this bit indicates that the XPT/SIM can use th

CCB to process this request. A value of 0 indicates that this CCB is not available to the

XPT/SIM.

Autodisconnect — When set to 1, this bit disables autodisconnect. The default of 0 causes
the XPT/SIM to automatically disconnect, if the IDENTIFY message indicates discpriv is
set.

Autosave — When set to 1, this bit disables autosave feature for Phase-Cognizant Mode.
The default of 0 causes the XPT/SIM to automatically send a SAVE DATA POINTER
message on an autodisconnect.
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11.1.3.5 Byte 4 bits for Host Target Mode

The Host Target Mode flags shall only be valid for the ENABLE LUN, ACCEPT TARGET I/O
and CONTINUE TARGET I/O CCBs. See 11.6 for complete details.

7 Send Status — When set to 1, this bit directs the SIM/HBA that it shall go to status phase
after data phase (if there is a data phase for this CCB) and send the SCSI status byte
contained within this CCB.

5| Terminate I/O — When set to 1, this bit informs the SIM/HBA that the Host Target (Mode
peripheral driver is supporting the TERMINATE 1/O PROCESS SCSI message.

2| Phase-Cognizant Mode — If target operations are supported, when set to 1, the|SIM shall
operate in Phase-Cognizant Mode, otherwise it shall operate in Host Target Mode.

11.1.4 CDB

This field either contains the SCSI CDB (command descriptor block), ofa pointer to the CDB,
tog be dispatched.

11.1.5 CDB length

For EXECUTE SCSI I/O REQUEST CCBs this field shall{Contain the length in bytes of tTie
CpB. For ACCEPT TARGET 1I/0 CCBs and EXECUTE/TARGET 1I/O CCBs this field shall
contain the length in bytes of the buffer for CDB placemeént.

11.1.6 Data transfer length

This field contains the length in bytes of the data to be transferred.

11.1.7 Function code
This field shall contain one of the following function codes:

—| Execute SCSI I/O;

—| Execute Engine Request;
—| Execute Target l/O;

—| Accept Target 1/O;

—| Continue Target 1/0.

11.1.8 Initiatoer ID

This field.indicates which SCSI initiator this CCB is in response to. This field is only valid fpr
taIrget mode operation.

11.1.9 Message buffer length (target-only)
This field contains the length in bytes of the field which is to be used to hold message

information in the event that the peripheral drivers need to issue any MSGs. This field is
exclusive to target mode operation (see 11.5.3 for further information).

11.1.10 Message buffer pointer (target-only)

This field contains a pointer to a buffer containing messages. This pointer is only valid for use
in target mode (see 11.5.3 for further information).
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11.1.11 Next CCB pointer

This field contains a pointer to the next command block in a chain of command blocks. A
value of O indicates the last command block on the chain. This field is used for linking
commands.

11.1.12 Number of scatter/gather entries

This field contains the number of entries in the SG List.

11.1.13 Peripheral driver pointer

This field contains a pointer which is for the exclusive use of the peripheral driver, the\use ppf
which is not defined by this International Standard.

11.1.14 Private data

This field is used to contain whatever fields the SIM module needs to execute the request. As
S}Ch it constitutes a scratchpad of working space needed by the SIM. The size of this arealis
a
s

OSD as it may differ between SIMs, by environment or by vendor (implementation. The XRT
all use the Path Inquiry function to obtain the minimum requited size of the private data
afea.

11.1.15 Request mapping information

This field is a pointer to an OSD data structure which is associated with the original 1/O
rgquest.

11.1.16 Residual length

This field contains the difference in twostcomplement form of the number of data bytes
transferred by the HBA compared with<the number of bytes requested by the CCB. This |is
calculated by the total number of bytes requested to be transferred by the CCB minus the
agtual number of bytes transferredy'the HBA.

11.1.17 SCSI status

This field contains the status byte returned by the SCSI Logical Unit after the command [is
completed as defined (n)ISO/IEC 9316. This field shall be valid for the CAM Status of Request
Cpmplete without Efror and Request Complete with Error.

11.1.18 Sensguinfo buffer length

This field\eontains the length in bytes of the buffer which is to be used to hold sense data |in
the event.that a autosense is invoked.

11149 Sense info buffer pointer

This field contains a pointer to the buffer for autosense data.

11.1.20 SG list/data buffer pointer

This field contains a pointer to either the data buffer to be used for the transfer, or to the SG
list which contains the list of scatter/gather addresses to be used for the transfer.

11.1.21 Tag ID

This field indicates the SCSI TAG QUEUE ID that this CCB is in response to if tagged queue
operation. This field is valid only for Host Target Mode operation.
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11.1.22 Tagged queue action

SCSI provides the capability of tagging commands to force execution in a specific sequence,
or of letting the target optimize the sequence of execution to improve performance. For a

description of the tagged command queuing philosophy see ISO/IEC 9316.

When the Tag Queue Action Enable bit in the CAM Flags is set, the CDB issued by the S
shall be associated with the queue action specified as:

20h = SIMPLE QUEUE TAG request

IM

21h = HEAD of QUEUE TAG request
22h = ORDERED QUEUE TAG request

11.1.23 Timeout value

This field contains the maximum period in seconds that an issued SCSI comniand request ¢

condition. A value of 00h in the CCB means the peripheral driver acecepts the SIM defa
timeout. A value of F...Fh in the CCB specifies an infinite period.The Time€out Value field is
a|per CCB basis, and is measured from successful selection to command completion. If t
CEB has timed out and the command has not completed (e.g,,"COMMAND COMPLETE

LINKED COMMAND COMPLETE message has not been received for the CCB), the SIM/HE
shall reselect the addressed Logical Unit and issue an ABQRT message or an ABORT TA

message. If the command that timed out is an I_T_L I/Qfppocess then an ABORT messa

shall be issued by the SIM/HBA. If the command that.timed out is an I_T_L_Q 1/O proce}

then an ABORT TAG message for the identified |_T,5Q 1/O process shall be issued by t
S|M/HBA.

11.1.24 VU field

The uses for this field are defined in the SIM vendor specification.
The uses for this field are defined in the SIM vendor specification.
11.2 Execute SCSI I/O

This function typically returns a CAM Status of Request in Progress, indicating that t

CAM status other than/Request in Progress or through use of the Callback on Completi
figld. Polling for compfetion of a CCB is not recommended. The CCB is defined in Table 20.

rgquest was queued suceessfully. Request completion can be ascertained by polling for|a

n

rgmain outstanding. If this value is exceeded then the CAM Status shall- report the timeout

It
n
e
pr

® >

® »w Od

he

on



https://standardsiso.com/api/?name=129e5b178bed2ab17e95a5e2c75fcb9c

T

- 58 - 9316-2 © ISO/IEC:2000(E)

Table 20 - EXECUTE SCSI I/O REQUEST CCB

Size|Dir Execute SCSI |/ 0O Request

Address of this CCB
CAM Control Block Length
Function Code
CAM Status
Connect ID
Reserved
Path ID
Target ID
LUN
CAM Flags
Peripheral Driver Pointer
Next CCB Pointer
Request Mapping Information
Callback on Completion
SG List/Data Buffer Pointer
Data Transfer Length
Sense Info Buffer Pointer
Sense Info Buffer Length
CDB Length
Number of Scatter/Gather EntrI€s
VU field
SCSI Status
Autosense Residual Length
Reserved
Residual Length
CDB
0 Timeout Value
Message Buffer “Wointer (target-only)
Message Buffex)Length (target-only)
0] VU flags
O Tag Queue ‘Action
Tag ID (target only)
Initiator ID (target only)
Resgerved
) Private Data

N
H O OO

cNcoNoNoNoNoNONONONONONONO) O

H H

H

S PR RPRERPNDMNNNSDSNAENRRSNNRERERSDSDSDNDDSDSDSDNRERFERE
(@]

ne final CAM Status shall be one of the following:
Request Completed-without Error: the request has completed and no error condition was
encountered;

Request Aborted by Host: the request was aborted by the SIM/HBA as instructed by the
peripheral driver;

Unablento Abort Request: the SIM was unable to abort the request as instructed by the
peripheral driver;

Reguest Completed with Error: the request has completed and an error condition WTiS

encountered:

CAM Busy: CAM unable to accept request at this time;

Invalid Request: the request has been rejected because it is invalid;
Invalid Path ID: indicates that the Path ID is invalid;

Unable to Terminate I[ ] to SIM (assumed to be a hardware problem);

Data Overrun: target transferred more data bytes than peripheral driver indicated in the
CCB;

Unexpected Bus Free: an unexpected bus free condition occurred,;

Target Bus Phase Sequence Failure: the Logical Unit failed to operate in compliance with
ISO/IEC 9316;
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T

T
C

N
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CCB Length Inadequate: more private data area is required in the CCB (refer to 10.2.3 for
further clarification);

Cannot Provide Requested Capability: resources are not available to provide the capability
requested in the CAM Flags;

Bus Device Reset Sent: this CCB was terminated because a BUS DEVICE RESET
message was sent to the target;

Terminate I/O Process: this CCB terminated due to a Terminate 1/0O Process Request CCB
was received by the SIM/HBA and the CCB was not an I/O Process within the Logical Unit;

1.3 Command linking (optional)

re
(WITH FLAG) message, the)next CCB is processed, and its associated CDB is dispatche

tHe peripheral driver using the first CCB's Callback on Completion field when the linked list

Ll kLl Ll D Al + = st ocon + H tad kb £ [ A
UTITTCLUVETAVIC TTUOL DUoS MUApPLUT LTTUT. 1o UL LD VWAoo tTTTatCu " ytvAauot Ul A Traruvwa

within the HBA or host;

condition. This CAM Status is a result of an intelligent HBA detecting a hung 'SCSI b

The permission to perform a SCSI bus reset was denied by the SIM.
DTE This CAM Status is forecasted as being deleted in future versions of CAM due tosthe following reasons:

An intelligent HBA that reports (in a SIM/HBA specific manner) a hung SCSI bus to\th& controlling SIM softwg
is always being granted the permission to reset the SCSI bus.

Multiple SCSI bus resets could occur to clear the condition if the decision to-reset the bus is left to multig
peripheral drivers.

ne SIM/HBA supports SCSI's ability to link commands' in order to guarantee the sequenti

p utilize linking, a chain of CCBs is built with the next CCB pointer being used to link t

turns the LINKED COMMAND COMPLETE message or LINKED COMMAND COMPLET

Ny SCSI status other_than INTERMEDIATE or INTERMEDIATE CONDITION MET returng
the Logical Unit on_a linked command shall break the chain. The SIM/HBA shall callba

CBs is completed-or when the chain is broken.

e peripheral driver shall:

build-a valid list of EXECUTE I/O CCBs with the CAM Linked CDB flag bit set except f

error detected by the HBA. The error does not indicate a SCSI bus problem but an-errpr

SCSI Bus Reset Denied: this CCB was not accepted by the SIM/HBA due to a)bus humg
s

and requesting permission from the controlling SIM software to perform a,SCSI bus reset.

execution of several requests. This function requires that both the SIM/HBA and the involved
Logical Unit support the SCSI link capability. \The SIM/HBA shall indicate its support f

command linking by setting the Linked Commands bit in response to a PATH INQUIRY Cd
(dee 10.2.3 for further details).

e

—

e

al

o
B

e

CBs together. The CAM Linked CDB;,flag bit shall be set in all CCBs but the last in the chaipn.
he first CCB in the linked list of CCBs shall have a valid Callback on Completion field set
nd the CAM Flag of Disable Callback on Completion cleared. When a SCSI Logical Unit

E
d.
b
Ck
of

the. last CCB in the linked CCB chain;

of

Fe—Fre—perph Frrertsfespenstbteforthe—correctsetings—othe HagandtHrkBisiathe—<controlHeld
| CDBs within CCBs.

call xpt_action() with the address of the first CCB as the argument;

wait for completion of the linked CCB list;

on callback ascertain completion status by starting with the first CCB in the linked list and
examining the CAM Status field, then proceeding to the next in the list. The following CCB

statuses shall be used to ascertain completion of a individual CCB and the list

— the CAM Status of Request completed without Error indicates that this CCB completed
successfully and if the CAM Linked CDB flag bit is clear the CCB linked list completed

without error,
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— the CAM Status of Request In Progress indicates the chain was broken and this CDB
contained within this CCB was not issued to the Logical Unit,

— the CAM Status of Request Completed with Error indicates that the Logical Unit sent a
SCSI status other than INTERMEDIATE or INTERMEDIATE CONDITION MET for this
CCB,

— all other CAM Statuses indicate that another CAM condition occurred while processing
this CCB and the chain was broken at this point.

The peripheral driver may:

T

he SIM/HBA shall for linked CCB lists:

monitor chain CCB processing by examining the CAM Status field of each CCB within ti|1e
list but shall not attempt to modify any CCB within the list until callback on completion by
the SIM/HBA;

abort the linked CCB chain by issuing an Abort SCSI Command function or Ferminate /O
Process Request function to the first CCB within the list.

validate each CCB within the list (e.g. the first CCB in the linked list\of CCBs shall have|a
valid Callback on Completion field set and the CAM flag-‘of Disable Callback ¢n
Completion cleared and the CAM Linked CDB flag bit shall hexset in all CCBs but the lalst
in the chain);

establish an I/O Process for the CCB list (e.g. issue the-first CCB then proceed to the next
CCB when a LINKED COMMAND COMPLETE miessage or a LINKED COMMAND
COMPLETE (WITH FLAG) message) is received;

give a COMMAND COMPLETE message for any ‘but the last CCB which shall break the
chain;

give a COMMAND COMPLETE message far the last CCB which shall indicate successful
completion of the chain;

when each CCB within the chain completes, set all appropriate fields within the CCB;

when the chained CCB list is comypleted or broken, callback the peripheral driver using the
first CCB Callback on Completion field;

if the peripheral driver terminates or aborts the first CCB within the chain

— if the CCB chain to beaborted or terminated has a current I/O process, it shall abort pr
terminate the CCB)as specified by this International Standard and break the chalin
(e.g., the current) /O process CCB has a CAM Status of Request Aborted by Host pr
Terminate I/O-Brocess),

t

— if the CCB,¢ehain to be aborted or terminated does not have a current 1/O Process,
shall break the chain,

— if the,CCB specified for a CCB chain is not the first CCB of a chain, it shall ignore the
reguest,

-\ the SIM/HBA shall ensure that the SCSI bus and the Logical Unit are not left in a hur||g

state,

— then target mode (optional).

The Target Mode functionality causes the HBA associated with the specified SCSI bus to be
set up so that it may be selected as a target. The Target Mode model allows a peripheral
driver to mimic any SCSI device type.

If a Target Mode function is specified by a CCB and this functionality is not provided by a
particular SIM implementation, then a CAM Status of Function Not Implemented shall be
returned in the CCB.
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11.4 Target mode overview

There are two different modes of target operation, either or both of which may be supported
by the SIM/HBA as defined by the Target Mode Support flags in the PATH INQUIRY CCB:
— Phase-Cognizant Mode;

— Host Target Mode.

For both Phase-Cognizant Mode and Host Target Mode the CDB group codes of 6 and 7

(vendor unique) shall only be of one size for each group code (e g group code 6 having a
sige of 20 and group code 7 having a size of 15).

Phase-Cognizant Mode permits a target peripheral driver tight control over what takes plage
when a SCSI command is received by the SIM. When a Phase-Cognizant applicationregisters
itself and a command is received, the XPT/SIM does an immediate Callback an’Completion
after placing the SCSI command in an available CCB. The Phase-Cognizant-peripheral driver
is|responsible for setting up data, message, status fields, and CAM Flags~inthe CCB. It the¢n
rgissues the CCB with an Execute Target I/O function code so that the XPF/SIM knows whic¢h
plhase it should execute. The "callback-reissue CCB" cycle may happen-multiple times befofe
alcommand completes execution.

In summary, Phase-Cognizant peripheral drivers get a callback immediately after the SCEI
command block is received and they are expected to instruet'the XPT/SIM which phases to go
through to perform the command.

Hpst Target Mode permits a peripheral driver to register itself as a LUN and provide a set pf
ofe or more ACCEPT TARGET I/O CCBs that4the SIM/HBA can use for Target Mode
command processing. In this mode, when the adapter is selected and the XPT/SIM receives
amn IDENTIFY message for a LUN that has registered as a Host Target LUN, the SIM/HBA may
agcept any target mode command, based on-conditions specified in this document. Using one
of the available ACCEPT TARGET I/QCCCBs, the SIM/HBA shall pass the received Host
Target Mode command to the Peripheral Driver CDB Received Completion callback function.
The peripheral driver shall interpretthe command and based on its internal knowledge shall
de¢cide how to respond. Responseshall be in the form of one or more CONTINUE TARGHT
I/ CCBs to the SIM/HBA. The SIM/HBA shall callback as specified by the peripheral driver
far each completed CONTINUE TARGET /O CCB.

Spme SCSI bus message processing and event notification is handled both in the SIM/HBA
arl\d the Host Targetode peripheral driver. An example of this is the ABORT message. Other
mlessages are hafidled transparently by the SIM/HBA. An example of this is the
SFYNCHRONOUS DATA TRANSFER REQUEST message. For optional messages that requife
notification fromthe SIM/HBA, the peripheral driver decides which optional messages it shall

Ionger enabled

In summary, Host Target Mode peripheral drivers can be called back multiple times for a
command received by the SIM/HBA, once for each command received and an additional
number depending on the command and how the Host Target Mode peripheral driver has
been implemented. The model allows all phase handling and SCSI command processing
nuances to be performed by the SIM/HBA but allows the peripheral driver enough functionality
for emulated device control.
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11.5 Phase-Cognizant Mode

The following SCSI-2 functionality is not supported by Phase-Cognizant Mode:
— Command Tagged queuing.

The following SCSI-2 messages shall be handled transparently by the SIM/HBA:

— ABORT TAG;
— CLEAR QUEUE:

— COMMAND COMPLETE;

— DISCONNECT;

— IDENTIFY;

— MESSAGE PARITY ERROR;

— MESSAGE REJECT (for the specified conditions in 11.5 through 11.5:5);

— NO OPERATION;

— Queue Tag Messages;

— SAVE DATA POINTER (for the specified conditions in 11.5through 11.5.5);
— SYNCHRONOUS DATA TRANSFER REQUEST;

— WIDE DATA TRANSFER REQUEST.

peripheral driver by the mechanisms specified by this‘international Standard:

— ABORT,;

— BUS DEVICE RESET;

— TERMINATE I/O PROCESS;

— INITIATOR DETECTED ERROR:-

the SIM/HBA shall issue a MESSAGE REJECT as a response:

— ABORT TAG;
— CLEAR QUEUE;
— All Queue Fag-Messages.

11.5.1 Enabl€LUN for phase cognizant mode

rgspond as an additional LUN, another Enable LUN is required.

The following SCSI-2 messages shall be received by, SIM/HBA and provided to the targ

For the following messages received by the SIM/HBA for an enabled Phase-Cognizant LU

The specified Target ID shall match that returned by the HBA Path Inquiry Function for the
specified\SCSI bus. The specified LUN is the one enabled for selection. If the HBA is

to

In addition to providing a hook into the target peripheral driver, this function is intended to

provide an area that the SIM/HBA can use as working space when the HBA is selected.

Table 21 lists the fields of the ENABLE LUN CCB. The absence of any entry under the "Dir"

heading indicates that this field is not being used for the Enable LUN function.
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Table 21 — ENABLE LUN CCB for phase cognizant mode

Size|Dir | Enable LUN
4 0 Address of this CCB
2 0 CAM Control Block Length
1 0] Function Code (Enable LUN)
1 I CAM Status
Connect ID
1 Reserved
1 0] Path ID
1 0 Target ID
1 0] LUN
4 0 CAM Flags
2 0 Group 6 Vendor Unique CDB Lengths
2 0 Group 7 Vendor Unique CDB Lengths
4 Pointer to Immediate Notify CCB List
4 Number of Immediate Notify CCBs
4 0 Pointer to Target CCB list
2 0 Number of Target CCBs
2 Reserved
n SIM private

Ifthe Number of Target CCBs is zero, then Target Mode is disabled, otherwise the Pointer fo
Target CCB List field refers to a list of addresses of CEBs to which the data is to be
transferred (see Table 22).

Table 22 — CCB, List

Size Tardget CCB |i st

4 CCB Address 1
4 €CB Address 2

4 CCB Address n

Target CCB(s) shall be EXECUTE SCSI I/0O CCB(s) and the target peripheral driver shall njot
alter the list until a succéessful disable of the LUN is accomplished.

The SIM/HBA shall\place the pointer to the list of CCBs in a list until the specified Target |D
amnd LUN is disabled on the SCSI bus specified by the Path ID field. While the LUN is enabl¢d
far Phase-Cognizant Mode operation, the CAM Status field of each Target CCB shall be set fo
i of

shall use other allocated EXECUTE TARGET I/0O CCBs to recelve/transmlt data messages
and status to the selecting initiator. It is recommended that the target peripheral driver supply
at least 1 CCB per initiator it expects to communicate with when the Phase-Cognizant LUN is
enabled.

The SIM/HBA shall keep an indication of whether a single CCB or list of CCBs was provided
on the ENABLE LUN service.

The SIM/HBA shall set the following in each Target CCB when they are first provided:

— CAM Status to Request in Progress;
— CAM Flags shall be set to the values of the CAM Flags in the ENABLE LUN CCB;
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— CAM Flags shall be set with the Target CCB Available bit.
Within the Target CCB(s) provided, the following information shall be present and valid:

— CDB field is valid for the Command Blocks that may be received. That is, either CDBs are
embedded in the CCB, or a pointer to a CDB buffer area is provided in the CDB field;

— Timeout Value field shall be set to the infinity value.
If the target peripheral driver supports Vendor Unique CDB(s), then the CDB Length field of

the CCB shall reflect the largest supported CDB. If a CDB greater than the size of the CDB
field 1s desired, then the CDB Tield shall contain a pointer to a CDB buffer.

To disable the selection of a specific LUN, the target peripheral driver performs an)Enable
LUN with a zero value for the Number of Target CCBs. Upon disabling the specified LLUN, tn:e
te:Lrget peripheral driver may free all allocated Target CCBs that were associatéd with the
efabled LUN.

When a CDB is received by a SIM/HBA for a LUN that is not enabled;,one of the following
sequences shall occur depending on the command received:

A) INQUIRY Command

If the SIM receives a CDB for the INQUIRY command for(a non-enabled LUN, the SIM
shall return only byte 0 of the inquiry data set to 23h:

— the peripheral qualifier is set to 01lb indicating the target is capable of supporting|a
physical device on this logical unit, however:the physical device is not currenfly
connected to this LUN;

— the peripheral device type set to 3h indicating Processor device type.
b) REQUEST SENSE Command

If a REQUEST SENSE command is received for a non-enabled LUN, the SIM shall retufn
sense data in which the sense key shall be set to ILLEGAL REQUEST and the additional
sense code shall be set to LOGICAE UNIT NOT SUPPORTED.

c) All other commands

If a command other than «NQUIRY or REQUEST SENSE is received for a non-enabled
LUN, the SCSI status returned shall be CHECK CONDITION. Any subsequent REQUEST
SENSE command shall;behave as in Item B.

The Enable LUN functien shall return CAM Status of:
—| Request Completed without Error indicates that the Enable LUN was completed
successfully;

—| LUN Already Enabled indicates that this LUN is already enabled;

—| Terminate 1/O Process indicates that there is currently a nexus established with an initiatpr
that'shall be terminated first;

v lid D
T T

aoact e
TV OotrT CcoocotTmoeT™

— Invalid Path ID indicates that the Path ID is invalid;

— Invalid Target ID indicates that the Target ID does not match that used by the HBA
specified by the Path ID field;

— Invalid LUN indicates that the LUN specified is outside the supported range of the SCSI
bus;

— Function Not Implemented indicates that Phase-Cognizant Target Mode is not supported
by this SIM/HBA.
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11.5.2 1/O process creation for phase cognizant mode

If the HBA is selected with the SCSI bus signal of ATN being false the SIM/HBA shall go BUS
FREE. When the HBA is selected, the SIM/HBA automatically sets the HBA to the MESSAGE
OUT phase to receive the IDENTIFY, SYNCHRONOUS DATA TRANSFER REQUEST, and
other messages that may be sent by the Initiator. The SIM/HBA response to these messages
shall be as defined in ISO/IEC 9316 and this International Standard.

The SIM/HBA shall maintain an |nd|cat|0n (|n a vendor umque manner) that an I/O process |s

indication is maintained for correct coordination of the LUN behavior between’ the target
peripheral driver and the SIM/HBA for the ABORT, TERMINATE I/O PROCESS, and BUS
DEVICE RESET messages and bus reset. See 11.5.4 for further details.

Ifithe LUNTAR bit (or any of the reserved bits) of the IDENTIFY message js set to 1, then the
S|M/HBA shall send a MESSAGE REJECT message back to the jnitiator, and go to BUS
FREE phase.

The LUN shall be extracted from the IDENTIFY message and“the SIM/HBA shall scan the
CAM Flags in the CCB(s) provided with Enable LUN. If none of them have the Target C(B
Available bit set, the SIM/HBA shall post BUSY status and then send a COMMAND
COPMPLETE message. Otherwise, the SIM/HBA shall select a CCB with the Target C(B
Available flag set. The Initiator ID field shall be set tothe ID of the initiator that performed the
s¢lection. This field shall be used by the target peripheral driver for subsequent functions,
syich as reselect, to ascertain the Initiator's ID.

NOTE The target peripheral driver should ensure that_there are always CCBs with the Target CCB Available pit

sdt especially for linked commands.

If|the DiscPriv bit in the IDENTIFY message was set, which results in the Disable Disconnect
bit of the CAM Flags being clearedy:aAd the Disable AutoDisconnect bit of the CAM Flags figfld
is| cleared, the SIM/HBA shall automatically disconnect upon receipt of the command block.
The disconnect shall be perfermed before clearing the CCB Available bit in the CAM Flags
and the callback of the target\peripheral driver.

The Disable Disconnect)bit in the CAM Flags field shall be updated to indicate the state of the
D|scPriv bit in the IDENTIFY message that was received from the initiator. If the DiscPriv Eit
whs set in the IDENTIFY message, then the Disable Disconnect bit shall be cleared, and
vice-versa.

NOTE Thedefault state of the Disable Disconnect bit in the CAM Flags is cleared, implying that disconnect
erlabled.

S

Iflan”ABORT, TERMINATE I/O PROCESS or BUS DEVICE RESET message was received (in
thie initial MESSAGE OUT Phase the SIM/HBA shall handle these messages as specified fin
11.5.4. Once the initial MESSAGE OUT Phase is complete, the SIM/HBA automatically sets
the HBA to the Command Out Phase to request the SCSI CDB. After receiving the SCSI CDB
bytes, the SIM/HBA shall set the CAM Status field to CAM Status of SCSI CDB received. The
SIM/HBA shall clear the CCB Available bit in the CAM Flags and if the CAM flag of Disable
Callback on Completion is a zero for this CCB the SIM/HBA shall callback the target
peripheral driver.

If the Group Code of the Operation Code of the CDB is Vendor Unique, the SIM/HBA shall
transfer the number of CDB bytes specified in the ENABLE LUN CCB for this LUN. The Group
Code in the incoming CDB (either 6 or 7) shall select the Vendor Unique CDB size from the
ENABLE LUN CCB. If the selected CDB size (specified in the ENABLE LUN CCB) is zero, the
SIM/HBA shall transfer only the CDB Operation Code. If the required number of bytes is not
transferred or the specified size for this Group Code is zero, then the SIM shall set in the
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selected CCB the CDB bytes transferred in the area provided and shall set the CAM Status to
Invalid CDB. The SIM shall then clear the CCB Available bit in the CAM Flags and if the CAM
flag of Disable Callback on Completion is a zero for this CCB the SIM/HBA shall callback the
target peripheral driver.

The target peripheral driver for CDB reception on the callback or upon noticing the CCB
Available bit is clear for a Target mode CCB shall process the CCB (e.g. ascertain if valid
CDB, copying pertinent data from the Target CCB). After processing the CDB from a Target
CCB, the target peripheral driver shall set CCB Available in the CAM Flags, which passes the
CCB back to the SIM/HBA.

The target peripheral driver shall be responsible for completing all /O process(es) as defingd
inf ISO/IEC 9316. The SIM/HBA shall pass a Target CCB to a target peripheral driver, with|a
CAM Status of CDB Received or Invalid CDB. All other events relating to the creation of &n
I/D process shall be handled transparently unless otherwise specified.

11.5.3 Continuation and completion of an I/O process for phase cognizant mode

The SIM/HBA shall receive an EXECUTE TARGET I/O CCB from the.target peripheral driver,
by the target peripheral driver calling xpt_action() with the address of the CCB as the
afgument. The SIM/HBA shall reject the CCB based on the conditions specified in 11.5.3,
11.5.4, and 11.5.5.

—

The SIM shall reject any CCB which has a Timeout Valdevof other than infinity with a CAM
Status of Invalid Request.

The SIM/HBA shall perform an automatic reselecti#’the SIM/HBA had disconnected after the
rgceipt of the CDB, or had disconnected upon, cempletion of a previous Execute Target 1/O
(Within the same I/O process).

If|lthe Data Buffer Valid bit is set, the 'SIM/HBA shall enter the data phase indicated by ﬂe
direction bits in the CAM Flags field (i:e., DATA IN or DATA OUT). It shall send/receive data
indicated by the CAM Direction Flags to/from the buffer(s) indicated in the CCBs Scattpr
Gpther List or Data Pointer. The CAM Direction flags shall be interpreted as the following:
—| Bit7=0and 6 =0: Reserved;

—| Bit7=0and 6 =1: \Data in to initiator (data from target to initiator);

—| Bit7 =1 and 6 =0}~ Data out from initiator (data from initiator to target);

—| Bit7=1and6-=1: No data transfer.

The SIM shallteject any CCB with the Data Buffer Valid bit set and the CAM Direction flags
indicatingd{No'data transfer or Reserved with a CAM Status of Invalid Request.

If|the\Status Buffer Valid bit is set, the SIM/HBA shall send the status byte specified in the
SCSD Status field to the current initiator and then send the COMMAND COMPLETE messa$e
if the Message Buffer Valid bit is cleared and go to BUS FREE phase. If the Status Buffer
Valid bit and Message Buffer Valid bit are both set then the SIM/HBA shall send the status
byte specified in the SCSI Status field to the current initiator and then send the message
contained in the Message buffer. The Message buffer shall contain a single message being
one of the following:

— LINKED COMMAND COMPLETE;
— LINKED COMMAND COMPLETE (WITH FLAG).

The SIM/HBA shall perform the following after successfully transmitting the LINKED
COMMAND COMPLETE or the LINKED COMMAND COMPLETE (WITH FLAG) message:

— post the required CAM Status in the EXECUTE TARGET 1I/0O CCB and call back the target
peripheral if specified;
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if a Target CCB is available to the SIM/HBA, go to COMMAND phase and receive the CDB
bytes for the next linked command,;

if a Target CCB is not available to the SIM/HBA, the SIM/HBA shall not change phase and
shall wait until a Target CCB is available. Once a Target CCB is available the SIM/HBA

shall go to COMMAND phase and receive the CDB bytes for the next linked command.

NOTE A target peripheral driver can hang the SCSI bus if Target CCBs are not available to the SIM/HBA. Care

sh

ould be taken if linked commands are supported to prevent this situation.

If the Message Buffer Valid bit is set and the Status Buffer Valid bit is clear, the SIM/HBA
shall enter the MESSAGE phase and transfer the contents of the Message buffer. The target
peripheral driver shall not place a DISCONNECT message into the Message buffer and-set
the Message Buffer Valid bit. The SIM/HBA shall be able to detect a DISCONNECT message

in
M

U
D

small post the rfequired CAM Status in the CCB and call back the target peripheral driver

the Message Buffer and if the SIM/HBA detects this condition the SIM/HBA shall not’ent
ESSAGE phase to transmit the message. The SIM/HBA shall process all other - phass
dicated by the EXECUTE TARGET I/O CCB as defined by this International Standard.

ne SIM/HBA shall receive and respond to any messages resulting from ATN being assertg
the initiator, in addition to any messages it sends to the initiator (see’/11.5.4 for furth
ptails).

AM Flags, within a single invocation of the Execute Target I/O(i.e., if more than one bit
pt), the order of execution of the phases shall be data, status, and message.

either the Status Buffer Valid bit or the Message Buffer Valid bit of the CAM Flags field a

e disabled.

ping to BUS FREE phase or disconnecting from the SCSI bus (e.g., sending
SCONNECT message) and going to BUS\FREE phase shall be governed by the following:

SIM/HBA shall go to BUS FREEphase;

if the Disable AutoDisconnect'bit of the CAM Flags is cleared, and the Disable Disconne
of the CAM Flags bit is cleared, then the SIM/HBA shall disconnect on the completion of

CAM Flags is cleared, then the SIM/HBA shall send a SAVE DATA POINTERS message
the initiator prior t@ Sending the DISCONNECT message.

bon completion 6fythe function(s) specified in the EXECUTE TARGET 1/0 CCB, the SIM/HH

ecified.

sable' AutoSave bit, which shall disable the sending of the Save Data Pointers.

he SIM/HBA shall be able to execute all the phases indicated bysthe Buffer Valid bits of the

bt for an invocation of Execute Target I/O, the AutoDisconnect and AutoSave features shall

if a COMMAND COMPLETE message is successfully transmitted on the SCSI bus, the

data transfer specified (by‘the Data Buffer Valid bit set. If the Disable AutoSave bit of the

pbon the last Execute Target I/O, the target peripheral driver should consider setting the

is

re

ct
a

to

=

11.5.4 Non-transparent event handling for phase cognizant mode

When the SIM/HBA receives an ABORT message from an initiator for an enabled Phase-
Cognizant LUN it shall perform the following actions:

go to BUS FREE phase.

if an 1/O process exists for this |_T_L and EXECUTE TARGET I/O CCB(s) are held by the
SIM/HBA for this |_T_L with CAM Status of Request in Progress, the SIM/HBA shall return
the CCB(s) to the target peripheral driver with the CAM Status field set to Request
Aborted by Host;
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if an 1/0 process exists for this |_T_L it shall reject all EXECUTE TARGET 1/O CCBs
received for this |_T_L with a CAM status of Request Aborted by Host set into the CAM
Status field and a return status of Request Aborted by Host, until establishment of a new
I/O process for this |_T_L;

if an 1/0O process does not exist for this |_T_L then the only action taken is the BUS FREE
response to the message.

When the SIM/HBA receives a BUS DEVICE RESET message from an initiator, it shall
perform the following actions for each enabled Phase-Cognizant LUN that uses the SCSI bus

0o

er which the message was received:

W

hen the SIM/HBA receives a TERMINATE I/O PROCESS<message from an initiator for an
emnabled Phase-Cognizant LUN it shall perform the following, actions.

go to BUS FREE phase;
return all EXECUTE TARGET I/O CCBs with a CAM Status of Bus Device Reset Sent;
perform an asynchronous event callback as specified in 8.6;

ascertain if a I/O process(es) exists for this target for all enabled Phase-Cognizant LUNIs
(in a vendor unigue manner);

if an I/O process exists for this target it shall reject all EXECUTE TARGET 1/0 CCBs sent
to an enabled Phase-Cognizant LUN with a CAM status of Bus Devicé Reset Sent set into
the CAM Status field and a return status of Bus Device Reset Sent/ until the establishment
of a new I/O process for a particular I_T_L.

If an 1/O process exists for this |_T_L and no EXECUTE TARGET 1I/O CCB(s) are held by
the SIM/HBA for this | _T_L.

— If the IDENTIFY message had the DiscPryv bit set the SIM/HBA shall disconnect from
the SCSI bus.

— The SIM/HBA shall reject the next EXECUTE TARGET 1I/O CCB received for this |_T|L
with a CAM status of Terminate J/O Process set into the CAM Status field and a retufn
status of Terminate 1/O Progess, all subsequent EXECUTE TARGET /O CCBs
received for the |_T_L shall-be’processed normally.

If an 1/O process exists for.this |_ T_L and EXECUTE TARGET /O CCB(s) are held by
SIM/HBA for this |_T_L that have a CAM Status of Request in Progress and SCSI statlis
has not been sent.

— If the I/O process is'the current 1/0O process the SIM/HBA shall examine the CAM flags
to ascertain if- disconnecting from the SCSI bus is allowed. If the Disable
AutoDisconnect bit of the CAM Flags is cleared, and the Disable Disconnect of the
CAM Flags-bit is cleared, then the SIM/HBA shall disconnect from the SCSI bus. If|a
data transfer is specified by the Data Buffer Valid bit set and the Disable AutoSave bit
of the(CAM Flags is cleared, then the SIM/HBA shall send a SAVE DATA POINTERS
meéssage to the initiator prior to sending the DISCONNECT message.

—-£ The SIM/HBA shall properly set the Residual Length field of the CCB if a data phase |is
specified and return the CCB(s) to target peripheral driver with a CAM Status pf

TETTTate 7O PTOCESS.
— The SIM/HBA shall not reject any subsequent EXECUTE TARGET /O CCBs for the
I_T_L.

If an 1/O process exists for this |_ T _L and an EXECUTE TARGET I/O CCB is held by
SIM/HBA for this |_T_L and SCSI status has been sent, the SIM/HBA shall continue
normal processing of this CCB.

If an I/O process does not exist for this |_T_L then the only action taken is the BUS FREE
response to the message.

When the SIM/HBA receives an INITIATOR DETECTED ERROR message from an initiator for
an enabled Phase-Cognizant LUN it shall perform the following actions.
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1

ither Termipate /O Process or Initiator Detected Error then an /O process is still

rgsponsikility to complete the 1/O process as specified in ISO/IEC 9316.

1.5.56 EXECUTE TARGET I/O CCB

If an 1/O process exists for this |_T_L and no EXECUTE TARGET 1I/0O CCB(s) are held by

the SIM/HBA for this |_T_L.

— If the IDENTIFY message had the DiscPriv bit set the SIM/HBA shall disconnect fro
the SCSI bus.

m

— If an I/O process exists for this |_T_L it shall reject the next EXECUTE TARGET 1/O
CCB received for this |_T_L with a CAM status of Initiator Detected Error set into the

CAM Status field and a return status of Initiator Detected Error, all subseque
EXECUTE TARGET I/O CCBs received for the |_T_L shall be processed normally.

If an 1/O process exists for this | T L and EXECUTE TARGET /O _CCB(s) are held by

nt

SIM/HBA for this |_T_L that have a CAM Status of Request in Progress.
— The SIM/HBA shall examine the CAM flags to ascertain if disconnecting from the\SC

Disable Disconnect of the CAM Flags bit is cleared, then the SIM/HBA shall disconne
from the SCSI bus.

— The SIM/HBA shall properly set the Residual Length field of the CCB(fya data phase
specified and return the CCB(s) to target peripheral driver with a CAM Status
Initiator Detected Error.

| T L.

If an 1/0O process does not exist for this I_T_L then the only(action taken is the BUS FRH
response to the message.

When the SIM/HBA detects a SCSI bus reset, it shall.perform the following actions for ea¢
emabled Phase-Cognizant LUN that uses the SCSI bus over which the SCSI bus reset w
detected:

return all EXECUTE TARGET 1/O CCBs held by SIM/HBA with a CAM Status of SCSI B
Reset Sent/Received;

perform an asynchronous event callback as specified in 8.6 (e.g., return all EXECUT
TARGET /O CCBs held by SIM/HBA with a CAM Status of SCSI Bus Res
Sent/Received);

ascertain if a 1/0O process(es)“eXists for this target for all enabled Phase-Cognizant LUN
(in a vendor unigue manner);

if an I/O process exists for this target it shall reject all EXECUTE TARGET 1/O CCBs se
to an enabled Phase-Cognizant LUN with a CAM status of SCSI Bus Reset Sent/Receivg

the establishment.of a new I/O process for a particular I_T_L.

the target peripheral driver receives an EXECUTE TARGET I/O CCB with a CAM Status

istenceffor the I_T_L specified by the CCB. It shall be the target peripheral drivel

bus is allowed. If the Disable AutoDisconnect bit of the CAM Flags is cleared, and the

— The SIM/HBA shall not reject any subsequent EXECUTE TARGET I/O CCBs for the

set into the CAM.Status field and a return status of SCSI Bus Reset Sent/Received, uniil
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This function typically returns a CAM Status of Request in Progress, indicating that the
request was queued successfully. Request completion can be ascertained by polling for a
CAM status other than Request in Progress or through use of the Callback on Completion
field. Polling for completion of a CCB is not recommended.

The following lists the fields of the EXECUTE TARGET /O CCB. No entry under the "Dir"
heading indicates that this field is not being used for the Execute Target I/O function.
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Table 23 - EXECUTE TARGET 1/0 CCB

Size|Dir Execute target 1/0

Address of this CCB
CAM Control Block Length
Function Code (Execute Target I/0)
CAM Status
Connect ID
Reserved
Path ID (Bus no. of SIM/HBA)

[N SIS
H O O O

Target ID (Target ID of SIM/HBA)
LUN

O CAM Flags

Peripheral Driver Pointer

Next CCB Pointer

Request Mapping Information (If needed)
Callback on Completion

SG List/Data Buffer Pointer

Data Transfer Length

Sense Info Buffer Pointer

Sense Info Buffer Length

CDB Length

0 Number of Scatter/Gather Entries
VU Field

) SCSI Status

Autosense Residual Length
Reserved 0OSD

I Residual Length

2(I/0| CDB

Timeout Value

0 Message Buffer Pointer

Message Buffer Isength

0 VU Flags

Tag Queue Action

Tag ID

I Initiatox ID

Reserved

Private' Data

o eNeNe) O~ 0O OO

O

S PREREPEPNDMNNDNSSESNDNEREDDSNDESDSDSDSDNDDDDDSDNRERFERE
O

ne final CAM Status shall be one of the following:
Request Completed-without Error: the request has completed and no error condition was
encountered;
Request Aborted by Host: the request was aborted by the SIM/HBA as instructed by an
initiator;
Request/ Completed with Error: the request has completed and an error condition was
encountered,;

CAM Busy: CAM unable to accept request at this time;

Invalid Request: the request has been rejected because it is invalid;
Invalid Path ID: indicates that the Path ID is invalid;
Target Selection Timeout: the specified initiator failed to respond to reselection;

Message Reject Received: The SIM/HBA received a SCSI MESSAGE REJECT message
in response to a message sent contained in the Message Buffer;

SCSI Bus Reset Sent/Received: The SCSI operation was terminated at some point
because the SCSI bus was reset;

Uncorrectable Parity Error Detected: An uncorrectable SCSI bus parity error was detected,;

No HBA Detected: HBA no longer responding to SIM (assumed to be a hardware
problem);
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CCB Length Inadequate: more private data area is required in the CCB (refer to 10.2.3 for
further clarification);

Cannot Provide Requested Capability: resources are not available to provide the capability
requested in the CAM Flags;

Bus Device Reset Sent: this CCB was terminated because a BUS DEVICE RESET
message was sent to the target;

Terminate 1/0 Process: this CCB terminated due to a TERMINATE I/O PROCESS
message was received by the SIM/HBA for the specified |_T_L;

L1 kLl L1 + D Aol + = PR Y PN oD + H tad kb £ k. 2|
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error detected by the HBA. The error does not indicate a SCSI bus problem but an-errpr
within the HBA or host;

Initiator Detected Error: this CCB terminated due to a INITIATOR DETECTED .ERRQR
message was received by the SIM/HBA for the specified |_T_L;

Invalid CDB: indicates that the SIM/HBA has detected an error condition gmyreception offa
CDB;

Invalid LUN: indicates that the Logical Unit specified is outside the supported range of the
SCSI bus;

Invalid Target ID indicates that the Target ID does not match that used by the HBA
specified by the Path ID field;

Nexus Not Established: there is currently no connection-gstablished between the specifigd
Target ID and target LUN with any initiator;

Invalid Initiator ID: the initiator ID specified is outside\the valid range that is supported;

DTE This status can also be returned if the target tries to reselect an initiator other than the one to which it was
pviously connected.

SCSI CDB Received: indicates that the targét has been selected and that the SCSI CDB |is
present in the CCB;

SCSI Bus Busy: the SIM failed to win~arbitration for the SCSI bus during several different
BUS FREE phases.

1.6 Host Target Mode

1.6.1 Host Target Mode/functionality not specified

nis International Standard does not address the following SCSI functionality for Host Target
ode operation:

LUNTAR;

Linked Cemmands;

Extended Contingent Allegiance;
Seft’/Reset.

11.6.2 Host Target Mode messages

The SCSI messages outlined below are in two main categories for Host Target Mode. The
categories are transparent message handling and notification message handling. These 2
main categories can further be divided into mandatory messages and optional messages.
Transparent message handling shall mean that the SIM/HBA shall handle the message and
that there is no notification of the message to a peripheral driver. Notification message
handling shall mean that the SIM/HBA shall receive the message and notify the Host Target
Mode peripheral driver as specified by this International Standard. For notification message
handling the SIM/HBA shall maintain certain state information about the message, but how
that is accomplished is left to the discretion of the SIM/HBA implementer.
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a) Mandatory Transparent Message Handling:

1)
2)
3)
4)
5)
6)

COMMAND COMPLETE;
IDENTIFY;

INITIATOR DETECTED ERROR;
MESSAGE PARITY ERROR;
MESSAGE REJECT,;

NO OPERATION.

1)
2)
3)
4)
5)
6)
7)

1)

2)

1)
2)
3)
4)
5)
6)

NOTE

11.6.3 \Use of the IMMEDIATE NOTIFY CCB

The

Target Mode peripheral driver of events

b)Y Opfional Transparent Message Handling at the discrefion of SIM/HBA:

c) Mandatory Message Handling that requires notification to thefHost Target Mode peripher
driver:

d) Optional Message Handling that requires notification to the Host Target Mode periphe
driver:

DISCONNECT,;

WIDE RESIDUE;

MODIFY DATA POINTER,;

RESTORE POINTERS;

SAVE DATA POINTERS;

SYNCHRONOUS DATA TRANSFER REQUEST;
WIDE DATA TRANSFER REQUEST.

ABORT message

Host Target Mode peripheral driver shall be notified by the IMMEDIATE NOTIFY C(
mechanism.

BUS DEVICE RESET message

Host Target Mode peripheral drivershall be notified by the Asynchronous Eve
mechanism.

ABORT TAG;

CLEAR QUEUE;

HEAD OF QUEUE _TAG (see 11.6.8);
ORDERED QUEUE'TAG (see 11.6.8);
SIMPLE QUEUE TAG (see 11.6.8);
TERMINATE I/O PROCESS.

See 111673, 11.6.6 and 11.6.8 for clarification.

B

nt

al

CCBs, once passed to the SIM/HBA by the ENABLE LUN CCB, shall be maintained by the
SIM/HBA for its exclusive use. Ownership of IMMEDIATE NOTIFY CCB(s) shall not be
returned to the Host Target Mode peripheral driver until the successful completion of a
DISABLE TARGET MODE LUN. The IMMEDIATE NOTIFY CCB contents shall be valid to the
Host Target Mode peripheral driver only at the point where the SIM/HBA does the callback for
notification of an event. The Host Target Mode peripheral driver should at that point read its
contents to ascertain event and sense data. Upon callback return, the contents
IMMEDIATE NOTIFY CCB shall no longer be considered valid.

of
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The Immediate Notify mechanism from the SIM/HBA has a corresponding Notify Acknow-
ledgement mechanism. The IMMEDIATE NOTIFY CCB shall contain a unique sequence
identifier for a Host Target Mode LUN. For each event/message delivered to the Host Target
Mode peripheral driver by the callback mechanism, the Host Target Mode peripheral driver
shall do the following:

a)
b)

any processing needed to comply with this International Standard and ISO/IEC 9316;

issue a NOTIFY ACKNOWLEDGE CCB with the Sequence ldentifier field set to the value
from Sequence Identifier field of the IMMEDIATE NOTIFY CCB for the event/message
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identical sequence identifiers in use at the same time for a Host Target Mode LUN.
bquence identifier is "in use" from the time the peripheral driver callback’is invoked until the

plhase and the peripheral driver callback in 11.6.3.1 may occur in either order, but both ste

bai &l
JTTI IH 'JI ULCTOoOTU.

cknowledgement from the Host Target Mode peripheral driver. For each Immediate Notify f
LUN there shall be a Notify Acknowledgement.

bquence identifiers shall be unique for each Host Target Mode LUN. Thereyshall not be ty

ceipt of the Notify Acknowledgement from the peripheral driver. Seguence identifiers sh
P non zero value(s).

an event/message is detected by the SIM/HBA that requires ‘@ notification back to the Ho

M/HBA shall do the following:

preserve ordering of the event/message, in FIF@jfashion;

the Host Target Mode peripheral drivers;using the mechanisms specified later in th
section.

ne ordering of Host Target Mode.petipheral driver notification and when the SIM/HB
leases the SCSI bus to the BUSEREE phase is not specified. The change to BUS FRH

e required. In all other cases,. the order in which 11.6.3.1 lists operations is the order
hich those operations shallthe performed.

nere shall be a one to one correspondence between the Immediate Notify and the~Notify

hrget Mode peripheral driver and there are no IMMEDIATE NOTIFY CCBs available, the

record all information about the event/messagécas specified later in this section, and

pr
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when an IMMEDIATE NOTIFY CCB becomes available for use the SIM/HBA shall notify

is

bS
in

ne order in whichcthe SIM/HBA places the Extended message arguments into t

to the/Message Arguments array[1] field.

e

IMEDIATE NOTIEY-CCB Message Arguments field for an Extended message is specified.
ter the Extendedymessage code is received all Extended message bytes received for the
xtended message shall be placed into the IMMEDIATE NOTIFY CCB Message Argumenits
bld in ascending order in the order that they were received. The first Extended message
gument oyte received after the Extended message code shall be placed into the Message
guments-array[0] field. The next Extended message argument byte received shall be placed

For the SCSI ABORT and CLEAR QUEUE messages, the order in which the CCBs are
returned to the Host Target Mode peripheral driver and the IMMEDIATE NOTIFY CCB
callback is done to the driver is specified. The order shall be as follows:

a) all CONTINUE TARGET 1/O CCBs;
b) IMMEDIATE NOTIFY CCB callback to the Host Target Mode peripheral driver.
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11.6.3.1 The events/messages that use the immediate notify mechanism
11.6.3.1.1 Sense data preservation where no nexus has been established

There are certain events that require or optionally provide for sense data preservation by the
target. These events are specified in ISO/IEC 9316. If one of these events is detected by the
SIM/HBA, the SIM/HBA shall respond as follows for each enabled Host Target Mode LUN:

a) set the Path ID of an IMMEDIATE NOTIFY CCB to the bus number of this bus and target
id of the SIM/HBA,;

b)Y form the SCSI-Z required 1o bytes of correct sense data for the event and place the sen%e

data in the sense buffer provided in the IMMEDIATE NOTIFY CCB. It shall not-be
considered an error if the sense buffer bytes are zero, indicating NOSENSE. Howgver, the
Host Target Mode peripheral driver shall not be required to preserve NOSENSE data;

c) set the CAM Status to Nexus Not Established in the IMMEDIATE NOTIFY CCB indicating
that a nexus was not yet established;

d)] indicate in the CAM Status field of the IMMEDIATE NOTIFY CCB thatAutosense is valid.
Autosense valid indicates to the Host Target Mode peripheral driver that the sense buffer
data is valid and can be copied. The Host Target Mode peripheral~driver shall save the
copied sense data for use if the next received command is REQUEST SENSE;

e)] form a unique sequence identifier and place it in the *MMEDIATE NOTIFY CCBH's
Sequence ldentifier field;

f)] transition the SCSI Bus to BUS FREE. Callback the Host Target Mode peripheral driver
using the callback notify field in the IMMEDIATE NOTIFY CCB. The exact order of thege
two operations is not specified;

g] for all initial connections, the SIM/HBA for this enabled Host Target Mode LUN shall
transparently respond with a SCSI Status of\BUSY until all events are acknowledged by
the Host Target Mode peripheral driver;

h) all CONTINUE TARGET I/O CCBs received by the SIM/HBA for this enabled Host Targgt
Mode LUN shall be rejected until all.events are acknowledged by the Host Target Mode
Peripheral driver. The rejected CCBs shall have

1) a CAM Status field set to Uhacknowledged Event by Host,
2) areturn status of Unacknowledged Event by Host.

Acknowledgment of this-“event by the Host Target Mode peripheral driver shall be
accomplished when the . SHM/HBA receives a NOTIFY ACKNOWLEDGE CCB for this LUN with

the Sequence ldentifierfield equal to the sequence identifier of the IMMEDIATE NOTIFY C(B
fgr this event.

The Host Targét Mode peripheral driver shall be responsible for preserving Contingent
Allegiance‘tonditions.

11.63.1.2 Mandatory messages

This clause describes the handiing of mandatory messages that are handied jointy between
the SIM/HBA and the corresponding Host Target Mode peripheral driver via the IMMEDIATE
NOTIFY CCB.

NOTE The ABORT message is the only mandatory message that is handled with the IMMEDIATE NOTIFY CCB.
BUS DEVICE RESET messages are handled by the Asynchronous Event mechanism (see 11.6.12.2).

11.6.3.1.2.1 ABORT message

When an ABORT message is received for an enabled Host Target Mode LUN by the
SIM/HBA, the SIM/HBA shall:

a) accept the message;
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b) set the Path ID of an IMMEDIATE NOTIFY CCB to the bus number of this bus. Set the
Target ID of the SIM/HBA, and LUN ID from the IDENTIFY message. Set the Initiator ID
field of the IMMEDIATE NOTIFY CCB to the ID of the Initiator that selected this SIM/HBA,

c)
d)

set the IMMEDIATE NOTIFY CCB CAM Status to Message Received;

form a unique sequence identifier and place it in the IMMEDIATE NOTIFY CCB's

Sequence Identifier field;

set the IMMEDIATE NOTIFY CCB Message Code field to the ABORT Message code;
all CONTINUE TARGET I/O CCBs for this I_T_L or I T L_Q nexus shall have the CA

respond with a SCSI Status of BUSY until all events are ackno_wlgdaed by’the Host Targe

Mode peripheral driver;

all CONTINUE TARGET I/O CCBs received by the SIM/HBA forthis I_T_L or |_T_L |
shall be rejected until all events are acknowledged by the Haest-Target Mode Peripher
driver. The rejected CCBs shall have

1) a CAM Status field set to Unacknowledged Event by Host;

2) areturn status of Unacknowledged Event by Host,

M

Acknowledgment of this event by the Host Target Mode peripheral driver shall be
accomplished when the SIM/HBA receives a NOTIEY ACKNOWLEDGE CCB for this |_T_L pr
I |T_L_Q with the Sequence ldentifier field equalto-the sequence identifier of the IMMEDIATE
NOTIFY CCB for this event.

11.6.3.1.3 Optional messages

This clause describes optional messages that are handled by the SIM/HBA with or without
notification to the corresponding Hast Target Mode peripheral driver.

11.6.3.1.3.1 Optional messages that are not supported

For all messages in this_category which are not supported:

—| if the SIM/HBA“Can not provide support or the Host Target Mode peripheral driver has

1

T

indicated through the ENABLE TARGET LUN CCB that a message is not supported, the
SIM/HBA shall reject the message and shall continue normal SCSI bus processing. The

Host Target Mode peripheral driver shall not be notified of the event.

1.6.3.1.3:2 ABORT TAG message

ne“ABORT TAG message shall be supported if Tagged Queue Operation is active for this

LUN. When an ABORT TAG message Is recelved for an enabled Host Target Mode LUN by

th

a)
b)

c)

e SIM/HBA, the SIM/HBA shall:

accept the message;

if the current I/O process is not fully identified (e.g., no Queue Tag message) then the

SIM/HBA shall
1) go to BUS FREE phase; or

2) no other processing is required (see ABORT TAG message in ISO/IEC 9316 for further
information).

set the Path ID of an IMMEDIATE NOTIFY CCB to the bus number of this bus. Set the
Target ID of the SIM/HBA, and LUN ID from the IDENTIFY message. Set the Initiator ID
field of the IMMEDIATE NOTIFY CCB to the ID of the initiator that selected this SIM/HBA;
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set the IMMEDIATE NOTIFY CCB CAM Status to Message Received;

set the IMMEDIATE NOTIFY CCB Message Code field to the ABORT TAG Message code.
Place the Additional Arguments to the message (Queue Tag) in the Message arguments
array of the IMMEDIATE NOTIFY CCB;

form a unique sequence identifier and place it in the IMMEDIATE NOTIFY CCB's
Sequence Identifier field;

search the list of CONTINUE TARGET 1/0 CCB(s) for this I_T_L_Q nexus looking for a
match between the TAG ID field of the CCB and the Queue Tag of the |_T_L_Q nexus. For
each match found, that CONTINUE TARGET /O CCB's CAM Status shall be set to

=— 9o >

=

T
L

cknowledgment of this event by the Host Target Mode peripheral driver shall be
complished when the SIM/HBA receives a NOTIEY ACKNOWLEDGE CCB for this |_T_L pr
T _L_Q nexus with the Sequence ldentifier field equal to the sequence identifier of the
IMEDIATE NOTIFY CCB for this event.

1.6.3.1.3.3 CLEAR QUEUE message

ne CLEAR QUEUE message shall:bé supported if Tagged Queue Operation is active for this
UN. When an CLEAR QUEUE message is received for an enabled Host Target Mode LUN by
the SIM/HBA, the SIM/HBA shall:

Request Aborted by Host and shall be returned to the Host Target Mode peripheral driver
by the CONTINUE TARGET I/O CCB callback mechanism;

transition the SCSI Bus to BUS FREE. Callback the Host Target Mode peripheral driver
using the callback notify field in the IMMEDIATE NOTIFY CCB. The exact ordelr of these
two operations is not specified;

for all initial connections, the SIM/HBA for this | T L or I T_L_Q shall transparenily
respond with a SCSI Status of BUSY until all events are acknowledged by the Host Target
Mode peripheral driver;

all CONTINUE TARGET I/O CCBs received by the SIM/HBA for)this | T L or | T L |Q
shall be rejected until all events are acknowledged by the HQSt Target Mode periphernal
driver. The rejected CCBs shall have

1) a CAM Status field set to Unacknowledged Event by Host,

2) areturn status of Unacknowledged Event by Host:

accept the message;

set the Path ID of an IMMEDIATE NOTIFY CCB to the bus number of this bus. Set the
Target ID of the SIM/HBA, and LUN ID from the IDENTIFY message. Set the Initiator |D
field of the IMMEDIATE NOTIFY CCB to the ID of the initiator that selected this SIM/HBA|;

set the IMMEDIATE NOTIFY CCB CAM Status to Message Received;

set the"IMMEDIATE NOTIFY CCB Message Code field to the CLEAR QUEUE Message
codes

form a unique sequence identifier and place it in the IMMEDIATE NOTIFY CCBH's
sequence identifier field;

f)

9)

h)

all CONTINUE TARGET 1I/O CCB(s) for this enabled Host Target Mode LUN, shall have
the CAM Status set to Request Aborted by Host and shall be returned to the Host Target
Mode peripheral driver by the CONTINUE TARGET I/O CCB callback mechanism. Refer to
ISO/IEC 9316, subclause 5.6.4 for any further clarification;

transition the SCSI Bus to BUS FREE. Callback the Host Target Mode peripheral driver
using the callback notify field in the IMMEDIATE NOTIFY CCB. The exact order of these
two operations is not specified;

for all initial connections the SIM/HBA for this LUN shall transparently respond with a
SCSI Status of BUSY until all events are acknowledged by the Host Target Mode
peripheral driver;
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all CONTINUE TARGET I/O CCBs received by the SIM/HBA for this LUN shall be rejected
until all events are acknowledged by the Host Target Mode Peripheral driver. The rejected

CCBs shall have
1) a CAM Status field set to Unacknowledged Event by Host,
2) areturn status of Unacknowledged Event by Host.

Acknowledgment of this event by the Host Target Mode peripheral driver shall be
accomplished when the SIM/HBA receives a NOTIFY ACKNOWLEDGE CCB for this LUN with
the Sequence ldentifier field equal to the sequence identifier of the IMMEDIATE NOTIFY CCB

f

T

W

f)

1.6.3.1.3.4 HEAD OF QUEUE, ORDERED QUEUE and SIMPLE QUEUE TAG messages

1.6.3.1.3.5 TERMINATE I/O PROCESS message

+lat +
I Uno ©TVTTIL.

ne handling of these messages is described in detail in 11.6.8.

hen the supported TERMINATE I/O PROCESS message is received¢«for an enabled Ho
hrget Mode LUN by the SIM/HBA, the SIM/HBA shall:

if there is no matching I/O process, reject the message, and”no further processing |is
required;

if there is a matching 1/0 process, accept the message;

if disconnects are mandatory the SIM/HBA shall discennect from the bus. If disconnecjts
are allowed the SIM/HBA should disconnect fromd¢he bus;

set the Path ID of an IMMEDIATE NOTIFY CCB to the bus number of this bus. Set the
Target ID of the SIM/HBA, and LUN ID from“the IDENTIFY message. Set the Initiator |D
field of the IMMEDIATE NOTIFY CCB to theID of the initiator that selected this SIM/HBA];

form a unique sequence identifier and place it in the IMMEDIATE NOTIFY CCH's
Sequence ldentifier field;

set the IMMEDIATE NOTIFY CCB €AM Status to Message Received;

set the IMMEDIATE NOTIFY 'CCB Message Code field to the TERMINATE 1/O0 PROCESS
message code;

each CONTINUE TARGET I/O CCB for this I|_T_L or I_T_L_Q nexus shall have the CAM
Status set to Terminate I/O Process. The Residual Length field shall be set to valid
number of bytes _not transferred for this CCB. The CCB(s) shall be returned to the Host
Target Mode peripheral driver by the CONTINUE TARGET I/O CCB callback mechanism;

call back theyHost Target Mode peripheral driver by the mechanism provided by the
IMMEDIATE-NOTIFY CCB;

for all{ipitial connections the SIM/HBA for this | T L or |_T_L _Q shall transparenily
respond with a SCSI Status of BUSY until all events are acknowledged by the Host Target
Mode peripheral driver;

all CONTINUE TARGET 1/O CCBs received by the SIM/HBA for this | T L or I T L |Q

shall be rejected until all events are acknowledged by the Host Target Mode peripheral
driver. The rejected CCBs shall have

1) a CAM Status field set to Unacknowledged Event by Host,
2) areturn status of Unacknowledged Event by Host;

acknowledgment of this event by the Host Target Mode peripheral driver shall be
accomplished when the SIM/HBA receives an NOTIFY ACKNOWLEDGE CCB for this
I_T_L nexus with the Sequence lIdentifier field equal to the Sequence ldentifier of the
IMMEDIATE NOTIFY CCB for this event.

The Host Target Mode peripheral driver shall acknowledge the event and properly terminate
the 1/0 process as specified in ISO/IEC 9316.
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11.6.3.1.4 Resource unavailable to SIM/HBA

If the SIM/HBA receives a CDB on the SCSI bus for an enabled LUN in Host Target Mode that
does not have any ACCEPT TARGET 1I/O CCBs available for use, it shall do the following:

a) set the Path ID of an IMMEDIATE NOTIFY CCB to the bus number of this bus. Set the
Target ID of the SIM/HBA, and LUN ID from the IDENTIFY message. Set the Initiator ID
field of the IMMEDIATE NOTIFY CCB to the ID of the initiator that selected this SIM/HBA,;

b) set the IMMEDIATE NOTIFY CCB CAM Status to Unavailable Resource;

sequence |dent|f|er field;

to BUS FREE phase. Callback the Host Target Mode peripheral driver using the callba
notify field in the IMMEDIATE NOTIFY CCB. These operations shall be perfermed in t
order shown here;

d)] transition the SCSI bus to status phase and return BUSY status to the initiator andythen }0
k
e

e) for all initial connections the SIM/HBA for this LUN shall transparentlyDdrespond with|a
SCSI Status of BUSY until all events are acknowledged by the \Host Target Mode
peripheral driver.
NOTE ACCEPT and CONTINUE TARGET I/O CCBs are allowed to be received andprocessed by the SIM/HBA for

th|s event. The Host Target Mode peripheral driver should send a number of ACCEPT TARGET /0O CCBs to the
erlabled LUN and then acknowledge the event to replenish the resource.

Acknowledgment of this event by the Host Target Mdode peripheral driver shall be
a¢complished when the SIM/HBA receives a NOTIFY ACKNOWLEDGE CCB for this LUN with
the Sequence ldentifier field equal to the sequence identifier of the IMMEDIATE NOTIFY C(B
far this event.

11.6.3.1.5 HBA faults

Ifla controlling SIM detects that a HBA has\faulted/failed in a way that causes the HBA to be
ngt usable in its current state (e.g., has(ceased responding, declared itself insane, needs fo
b} initialized/restarted), it shall do the following for each Host Target Mode enabled LUN fpr
thle faulted/failed HBA:

a) set the Path ID of an IMMEDIATE NOTIFY CCB to the XPT assigned SCSI bus number.
Set the Target ID of thesHBA for this SCSI bus, and the LUN to the LUN number being
reported;

b) setthe IMMEDIATE-NOTIFY CCB CAM Status to No HBA Detected;

c) form a uniquessequence identifier and place it in the IMMEDIATE NOTIFY CCH's
sequence identifier field;

d) all CONTINUE TARGET I/O CCBs for this Host Target Mode LUN shall have the CAM
Status,set to No HBA Detected and shall be returned to the Host Target Mode peripheral
driver’by the CONTINUE TARGET I/O CCB callback mechanism;

e] clear the unacknowledged event list of all other unacknowledged events for this LUN (e.g.,
the only unacknowledged event for this LUN is this event);

f) callback the Host Target Mode peripheral driver using the callback notify field in the
IMMEDIATE NOTIFY CCB;

g) all CONTINUE TARGET I/O CCBs received by the SIM for this LUN until all events are
acknowledged by the Host Target Mode peripheral driver shall be rejected with

1) a CAM Status field set to Unacknowledged Event by Host,
2) areturn status of Unacknowledged Event by Host;

h) the SIM may rectify fault/failure for the HBA and bring the HBA to a usable state once
again. The recovery actions that the SIM employs are vendor specific but the SIM/HBA
responses to connects are specified for the fault/failure recovery period. The term
"fault/failure recovery period" shall mean from the SIMs initial recovery action (e.g., the
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first step done by the SIM to correct the HBA fault/failure) to the SIM/HBA being able to

comply to this International Standard for an enabled Host Target Mode LUN.

During the fault/failure recovery period the SIM/HBA shall respond to connects in one
the following ways

1) no response to selections (selection timeout) until the recovery period ends,
2) SCSI-2 BUSY status in response to connections until the recovery period ends,

of

3) no response to selections (selection timeout) for a period of time then SCSI-2 BUSY

status in response to connections until the recovery period ends;

N
a

A

a
S

—

T

to
m

T

his event.

power off of the HBA. The Host Target Mode peripheral driver may disable the LUN or may

the state of the SIM/HBA shall be reflected in the response to PATH INQUIRY CCBs (s¢
10.2.3 for further details).

DTE 1 The Host Target Mode LUN is not disabled unless the Host Target Mode peripheral driver explicitly do
Hisable LUN function.

complished when the SIM receives a NOTIFY ACKNOWLEDGE CCB for ¢his LUN with t
bquence ldentifier field equal to the sequence identifier of the IMMEDIATE NOTIFY CCB f

ne Host Target Mode peripheral driver shall recognize that thisDevent is analogous to

continue processing (e.g., ascertain if the SIM has brought the HBA to a usable state)
ay try to continue processing and then disable the LUN.

ne Host Target Mode peripheral driver shall ascertain\through the Path Inquiry function if t

a
t

AT
IN
sh
ey

T
h{

1.6.4 IMMEDIATE NOTIFY €CB

M has brought the HBA to a usable state. If the, SIM has brought the HBA to usable st
ain the Host Target Mode peripheral driver shalktreat this condition as a power on/reset
el T Lorl T L Q.

DTE 2 The Host Target Mode peripheral driver. 'should respond with CHECK CONDITION status and UN
[ TENTION sense key in response to REQUEST, SENSE command for the first command received except
QUIRY and REQUEST SENSE commands fornthis I_T_L or I_T_L_Q. The Host Target Mode peripheral driy
ould ensure that there are ACCEPT TARGET I/O CCBs available to the SIM/HBA before acknowledging t
ent if processing with the SIM/HBA is to.beresumed.

ne following lists the fields of the IMMEDIATE NOTIFY CCB. No entry under the "D
pading indicates that thisfield is not being used for the IMMEDIATE NOTIFY CCB.

cknowledgment of this event by the Host Target Mode peripheral driver shall me

e

a

ry
pr

IT
or
er
ne
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Table 24 - IMMEDIATE NOTIFY CCB

Size|Dir I mredi ate notify
4 o} Address of this CCB
2 0 CAM Control Block Length
1 0] Function Code (IMMEDIATE NOTIFY)
1 I CAM Status

Connect ID

1 Reserved

1 () Path ID (Bus no. of SIM/HBA)

1 I Target ID (Target ID of SIM/HBA)

1 O LUN

4 0 CAM Flags

4 0 Pointer to the sense buffer

1 ) Length of the sense buffer

3 Reserved

4 I Callback on notification

1 I Initiator ID (ID of Initiator that seleCted
SIM/HBA)

1 Reserved

2 I Sequence Identifier

1 I Message Code

7 I Message Arguments

S[M/HBA):

—| Invalid Request — Indicates that the CCB has*invalid field(s);

—| Invalid Path ID — Indicates the Path ID is pot known;

—| Invalid Target ID — Indicates the Target ID is not that of the target device;

—| Invalid LUN ID - Indicates the Target'LUN is not in the valid range for LUNSs.

by the SIM/HBA):

—| No HBA Detected;

—| Nexus Not Established;
—| Message Regeived;

—| Unavailable-Resource.

Flelds Desecribed:

The following are the only possible CAM Status values)for the IMMEDIATE NOTIFY Cd
passed to the SIM/HBA from the Host Target Mode peripheral driver (e.g., rejected by the

The following are the only possible CAM Status values for the IMMEDIATE NOTIFY Cd
passed from the SIM/HBA to the Host Target Mode peripheral driver (e.g., event notificatiopn

The_Pointer to Sense Buffer field shall contain a pointer to a buffer having minimum of 1

b..o =4
ytesT

B

B

The Sense Buffer Length field shall be the length of the sense buffer. The length shall be at

least 18.

Initiator ID field is the SCSI BUS ID of the Initiator that selected the SIM/HBA.

The Message Code field is used to store the SCSI message code for received messages.

The Message Arguments field is used to store SCSI message arguments received.
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11.6.5 NOTIFY ACKNOWLEDGE CCB

The following lists the fields of the NOTIFY ACKNOWLEDGE CCB. No entry under the "Dir"
heading indicates that this field is not being used for the NOTIFY ACKNOWLEDGE CCB.

Table 25 — NOTIFY ACKNOWLEDGE CCB

Size|Dir Noti fy Acknow edge

Address of this CCB

CAM Control Block Length

Function Code (NOTIFY ACKNOWLEDGE)

CAM Status

Connect ID
Reserved
Path ID (Bus no. of SIM/HBA)
Target ID (Target ID of SIM/HBA)
LUN

CAM Flags

Sequence Identifier

Event

7 Reset Cleared

6 — 0 Reserved

1 Reserved

RSN V) IS
H O O|O

[ R N
OO O0OO0OO0OO0Oo

The following are the only possible CAM Status values-for'the NOTIFY ACKNOWLEDGE C(B
passed to the SIM/HBA from the Host Target Mode peripheral driver:

—| Request Complete without Error — Indicates that the event has been acknowledged by the
SIM/HBA;

—| Invalid Request — Unknown Sequence ldentifier;

—| Invalid Path ID — Indicates the Path D/is not known;

—| Invalid Target ID — Indicates the Target ID is not that of the target device;

—| Invalid LUN ID - Indicates the~Farget LUN is not in the valid range for LUNSs.

Fields Described:
The Sequence ldentifieryfield is the sequence event identifier which is being acknowledged.

The Event field is-used for acknowledgement of events whose notifications are delivered by
the Asynchronous Event mechanism (BUS RESET and BUS DEVICE RESET message).

11.6.6 Ehable target mode LUN for Host Target Mode

It|is-"recommended that the SIM/HBA reserve LUN 0 for Asynchronous Event Notificatiopn.
While it is not a requirement, it is a suggestion due to the increased complexity required ko
handle both Host Target Mode and AENSs. If the SIM/HBA reserves LUN O for AENs then it
shall return the CAM Status of LUN Already Enabled for all ENABLE LUN CCBs for LUN 0.

When a peripheral driver wishes to enable a LUN for Host Target Mode it shall perform the
following tasks:

a) issue a Path Inquiry to the SIM/HBA to ascertain what features and options it supports;

b) if the Host Target Mode peripheral driver requires disconnecting from the SCSI bus after
receiving a CDB, supports optional immediate notify message processing or the peripheral
driver wishes to support tagged commands, it shall use the information returned from the
PATH INQUIRY CCB to ascertain whether the SIM/HBA supports these capabilities.
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It is recommended that the Host Target Mode peripheral driver return for the INQUIRY
command data that reflects the features of the SIM/HBA. These features include Wide Bus
32, Wide Bus 16, and Synchronous Data Transfers and are obtained from the PATH
INQUIRY CCB. If the SIM/HBA supports Tag Queuing and the Host Target Mode
peripheral driver wishes to support the feature, it shall be reflected in INQUIRY data;

c) the Host Target Mode peripheral driver shall issue the SET ASYNCHRONOUS CALLBACK
CCB for each LUN that it supports to register for bus reset and bus device reset;

NOTE 1 The peripheral driver should prepare, if necessary, to handle the Contingent Allegiance condition on a
per initiator basis. Therefore the peripheral driver may need to do some initial setup for this.

1)

2)

3)

4)

5)

DTE 2 See 11:6.11 for the mechanism on how to retrieve ownership of the IMMEDIATE NOTIFY CCBs.

if the Host Target Mode peripheral driver requires disconnects and the) SIM/HE
supports disconnects (as ascertained by the Disconnects Supported fieldin the PAT]
INQUIRY CCB), the Disconnect Mandatory bit in the target mode spegific CAM Fla
field in the ENABLE LUN CCB shall be set,

if the Host Target Mode peripheral driver supports tagged commands, and if the

SIM/HBA supports Tagged Queuing, the Tag Queue Enable bit shall be set in the CA
Flags field of the ENABLE LUN CCB,

a Host Target Mode peripheral driver shall clear the Host Target Mode flag indicatinfg

this is a Host Target Mode ENABLE LUN CCB. The Host-Target Mode peripheral driv
shall set in the Target Mode bits of the CAM Flags all‘other optional settings it wish{
to support,

the Immediate Notify CCB list pointer field shall\point to a list of CCBs (of at least on
available to the SIM/HBA to use for Host Target Mode event/message notification. It
recommended that there should at least one“"CCB for each and every initiator that th
Host Target Mode peripheral driver expects to have a connection with. These CCEH

are pre-allocated CCBs from the XPTlayer which are empty (zeroed) except for the

following

— the Address of this CCB and"CAM Control Block Length. These fields shall contalin

the proper information as_défined previously in this International Standard;
— the Connect ID field shall be identical to the ENABLE LUN CCB Connect ID field;

— the completion callback function shall be set to the Immediate Notify callba
function. This is(thé function in the Host Target Mode peripheral driver to be callg
when a event is _detected by the SIM/HBA. These events are described in O;

— the functien-eode shall be set to IMMEDIATE NOTIFY;

— the paifter to the sense buffer, and the length of the sense buffer shall be set. The

sense buffer length shall be a minimum of 18 bytes.

thesAccept Target I/O CCB List Pointer field shall point to a list of CCBs (of at led|
one) available to the SIM to use for Host Target Mode operation. These CCBs a

. . . o
register for Host Target Mode with the SIM/HBA. The ENABLE LUN CCB shall be setup Is

follows

A
H
JS

M

er
S

E)
is
is
8BS

Ck

St
fe

pre-allocated CCBs from the XPT layer which are empty (zeroed) except for tl]|e

followinag
J

— the Address of this CCB and CAM Control Block Length. These fields shall contain

the proper information as defined previously in this International Standard;

— the completion callback function shall be set to the CDB Received Completion

callback function. This is the function in the Host Target Mode peripheral driver
be called when a CDB is received error free from an initiator by the SIM;

— the function code shall be set to Accept Target 1/O;

to

— if the CDB Pointer bit is set in the flags field of the ACCEPT TARGET 1I/O CCB, the

cdb pointer and cdb length field shall be set;

— the pointer to the sense buffer, and the length of the sense buffer shall be set. The

sense buffer length shall be a minimum of 18 bytes;
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NOTE 3 For error conditions detected by the SIM/HBA, the sense buffers in both the ACCEPT TARGET I/O and
CONTINUE TARGET I/O CCBs are used to report proper sense data back to the Host Target Mode peripheral
driver (i.e., Memory/RAM failures that the Host Target Mode peripheral driver has no knowledge of unless reported
by the SIM/HBA).

f)

W
of

hen the SIM/HBA receives a Host Target Mode ENABLE LUN CCB with a non-zero numbgr
Target CCBs from the Host Target Mode peripheral driver, it shall do the following

6) if Group 6 and/or 7 commands are to be supported by the Host Target Mode peripheral
driver, then the Group 6 and/or 7 Vendor Unique CDB Length fields shall contain the
number of bytes for these CDB group codes. If Group 6 and/or 7 commands are not
supported by the Host Target Mode peripheral driver, then the Group 6 and/or 7
Vendor Unique CDB Length fields shall be equal to zero. If the Host Target Mode
peripheral driver supports Group 6 and/or 7 commands, then the Host Target Mode

—WW%&M—AG@Q%M@—G@WH@—&F
SIM/HBA contain sufficient storage for the received CDB. If a vendor unique command

CDB is larger than the CDB field for the Accept Target 1/0O, then the CDB field:shall
contain a pointer to a buffer of sufficient length;

the Host Target Mode peripheral driver shall verify that the Enable LUN sueceeded by
checking that the CAM Status in the ENABLE LUN CCB is set to Request Completéed
without Error;

the Host Target Mode peripheral driver may add to the list of ACCERPTJARGET I/O CCBs
by issuing an ACCEPT TARGET I/O CCB to the SIM/HBA anytime after the LUN has beg¢n
enabled;

the Host Target Mode peripheral driver may add to the list of 'WVIMEDIATE NOTIFY CCBs
by issuing an IMMEDIATE NOTIFY CCB to the SIM/HBA anytime after the LUN has beén
enabled.

DTE 4 Once an IMMEDIATE NOTIFY CCB is given to an enabled Host' Target Mode SIM/HBA, ownership of the
CB remains with the SIM/HBA until the LUN is disabled.

if the LUN is already enabled, the ENABLE LUN CCB shall be returned with a CAM Statlis
of LUN Already Enabled;

if the Path ID, Target ID or LUN specified in the ENABLE LUN CCB are invalid then the
Enable LUN shall be failed with-thie'proper CAM Status (see 11.6.7);

the SIM/HBA shall check the‘Host Target Mode options in the target mode specific CAM
Flags field of the ENABLE.LUN CCB. If specific target mode options are set in this field
and the SIM does not support these options, the ENABLE LUN CCB shall be returned with
a CAM Status of Cannot-Provide Requested Capability;

the SIM/HBA shall check whether the Tagged Queue Enable bit is set in the CAM Flags
field of the ENABLE LUN CCB. If the Tagged Queue Enable bit is set but the SIM does njpt
support tagged’eommands, the ENABLE LUN CCB shall be returned with a CAM Status [pf
Cannot Preyide Requested Capability;

the SIM/HBA shall check that the ENABLE LUN CCB Immediate Notify CCB Pointer field|is
non nulivand for each IMMEDIATE NOTIFY in the list, the Immediate Notify CCB Callbagk
field»s set. The SIM/HBA shall check that the pointer to the sense buffer is non null apd

length of the sense buffer is a minimum of 18 bytes for each IMMEDIATE NOTIFY CCB.|If
either the ENABLE LIUN CCRB or any IMMEDIATE NQTIEY CCR is found to he in error,

f)

9)

then the ENABLE LUN CCB shall fail with Invalid Request;

the SIM/HBA shall check that the ENABLE LUN CCB Target CCB pointer field is non null
and for each ACCEPT TARGET I/O CCB in the list, the Accept Target I/O CCB Callback
on Completion field is set. The SIM/HBA shall check that the pointer to the sense buffer is
non null and length of the sense buffer is a minimum of 18 bytes for each ACCEPT
TARGET /O CCB. If either the ENABLE LUN CCB or an ACCEPT TARGET 1/0O CCB is
found to be in error, then the ENABLE LUN CCB shall fail with Invalid Request;

if preceding checks complete without error, the CAM Status of the ENABLE LUN CCB
shall be set to Request Completed without Error and the CCB returned.
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11.6.7 ENABLE LUN CCB for Host Target Mode

The following lists the fields of the ENABLE LUN CCB. No entry under the "Dir" heading
indicates that this field is not being used for the ENABLE LUN CCB.

T

Table 26 — ENABLE LUN CCB for Host Target Mode

Size|Dir| Enable LUN

ne following are the only possible CAM Status return values for the ENABLE LUN CCB:

Address orf this CCB
CAM Control Block Length
Function Code (Enable LUN)
CAM Status
Connect ID
Reserved
Path ID (Bus no. of SIM/HBA)
Target ID (Target ID of SIM/HBA)
LUN
CAM Flags
Group 6 Vendor Unique CDB Lengths
Group 7 Vendor Unique CDB Lengths
Pointer to Immediate Notify CCB List
Number of Immediate Notify CCBgs
Pointer to Target CCB list
Number of Target CCBs
Reserved
SIM private

SRS RN
H O O Qg

SN DSBENNDDS R PR R
[cNoNoNoNoNoNONONONG]

Request Completed without Error — Completed without error;

LUN Already Enabled — The specified takrget mode LUN is already enabled;
Invalid Path ID — Indicates the Path 1B"is not known;

Invalid Target ID — Indicates the~Target ID is not that of the peripheral device;
Invalid LUN ID — Indicates the Target LUN is not in the valid range for LUNS;

Invalid Request — For thetSENABLE LUN CCB with a list count greater than zero, this CAM
Status indicates invalid field(s) within the CCB(s). For ENABLE LUN CCB with a list count
of zero (DISABLE LLUN) see section 11.3.11;

Cannot Provide.Requested Capability:
a) The SIM.does not support target mode;

b) The Host Target Mode peripheral driver requires disconnects but the SIM does npt
support disconnects;

c) Lhe Host Target Mode peripheral driver requested the ability to run tagged but the SIM
does not support this feature.

Hatao lndicatac mara
T o o

ol
oreootte cTTteC o TTTOT

The following are the only possible CAM Flag bits which are valid for the ENABLE LUN CCB:

Tagged Queue Action Enable — Indicates to the SIM/HBA that the Host Target Mode
peripheral driver requires tagged queued operation;

Disconnects Mandatory — Indicates to the SIM/HBA that any IDENTIFY message received
shall have the DiscPriv bit set. Subclause 11.6.8.2 describes the SIM/HBA response if the
DiscPriv bit is not set when Disconnect Mandatory CAM Flag indicates that it is required.
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Fi

elds Described

The Pointer to Target CCB List field shall contain a pointer to a list of ACCEPT TARGET I/O
CCB(s) for the Enable LUN request (see Table 22 for the format of the list). For the Disable
LUN request, this field shall be null.

The Number of Target CCBs shall be set to the number of CCBs (greater than zero) pointed
to by the Pointer to Target CCB List field for the Enable LUN request. For the Disable LUN
request this field shall be zero.

T
N

T

1
1

W
ps

he Pointer to Immediate Notify CCB List field shall contain a pointer to a list of IMMEDIAT,
DTIFY CCBs for the Enable LUN request (see Table 22 for the format of the list).

ne Number of Immediate Notify CCBs shall be set to the number of CCBs (greater than zer

pointed to by the Pointer to Immediate Notify CCB List field for the Enable LUN-request.

1.6.8 ACCEPT TARGET I/O and CONTINUE TARGET I/O CCB operation

1.6.8.1 SIM/HBA ACCEPT TARGET I/O CCB acceptance

eripheral driver, it shall do the following:

check that the Path ID, Target ID, and LUN specified“\in the ACCEPT TARGET I/O CCB

return status shall be Path Invalid;

Request Completed with Error;

ode, it shatl,do the following:

was(set in the target mode specific CAM Flags field of the ENABLE LUN CCB, then t
SiM shall go to BUS FREE;

hen the SIM/HBA receives an ACCEPT TARGET I/O CCBfrom a Host Target Modge

that of an enabled LUN. If the LUN is not enabled,the CCB CAM Status and xpt_action()

check that the CDB Received Completion caliback function is set in the ACCEPT TARGHT
I/O CCB. If it is not set, the CCB CAM .Status and xpt_action() return status shall be

If the-BiscPriv bit is not set in the IDENTIFY message and the Disconnect Mandatory ﬂ:it

E

is

check that the pointer to the sense(buffer is set, and that the sense buffer length is|a
minimum of 18 bytes. If not correct, the CCB CAM Status and xpt_action() return statyis
shall be Request Completed with\Error;
otherwise the xpt_action() return status shall be Request in Progress.
1.6.8.2 SIM/HBA CDB reception
ror condition handling for CDB reception for Accept Target I/O functions are described |in
1.6.8.6.
hen the SIM/IHBA requests a CDB on the SCSI bus for an enabled LUN in Host Target

e

NOTE 1 Refer to 11.6.3 for reference in handling this condition. Additional information can be found in ISO/IEC
9316 regarding BUS FREE;

b) Remove a CCB from the SIM's list of available ACCEPT TARGET I/O CCBs which were

made available with the Enable LUN or Accept Target 1/O function. If there are no CCBs
available, then the SIM shall go to status phase and return BUSY SCSI status to the
initiator. The SIM/HBA shall notify the Host Target Mode peripheral driver of this event by
the Immediate Notify mechanism described in 11.6.3;

The ACCEPT TARGET I/O CCB shall be filled in with the following information:
1) The Target ID of this SIM/HBA,;

2) Bus ID of the SIM/HBA,;

3) LUN ID;
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4) The CDB data received from the initiator;

— If the Group Code of the Operation Code of the CDB is Vendor Unique, the
SIM/HBA shall transfer the number of CDB bytes specified in the ENABLE LUN
CCB for this LUN. The Group Code in the incoming CDB (either 6 or 7) shall select
the Vendor Unique CDB size from the ENABLE LUN CCB. If the selected CDB size
(specified in the ENABLE LUN CCB) is zero, the SIM/HBA shall transfer only the
CDB Operation Code. If the required number of bytes is not transferred or the
specified size for this Group Code is zero, then the SIM shall set in the selected
CCB the CDB bytes transferred in the area provided (see 11.6.8.6 for further
details)

DTE 2 The SIM/HBA does not set the CDB Length field in the ACCEPT TARGET 1/0 CCB with number of\CIDB

bytes transferred. The Group Code of the CDB is used by both the SIM/HBA and the Host Target Mode petiphefal

dr

f)

W
(of:

1.6.8.3 Host peripheral driver CDB Received Completion callback function

ver to ascertain the length of the CDB. The CDB Length field is used to indicate the amount of buffer arpa
ailable for CDB bytes.

5) The SCSI Bus ID of the initiator that selected this SIM/HBA in the Initiator\ID field.
The CAM Status shall be set to CDB Received;
If this is a tagged request then the SIM/HBA shall do the following:

1) The SIM/HBA shall check whether the Host Target Mode peripheral driver has enabled
tagged queuing with the Enable LUN command for this LUN.\M the Host Target Mode
peripheral driver does not support tagged commands then‘the SIM/HBA shall send the
MESSAGE REJECT message for the Queue Tag message*and continue as specified|in
ISO/IEC 9316;

2) If the Host Target Mode peripheral driver doé€s vYsupport tagged commands, the
following shall occur:

— The Queue Tag message (HEAD OF QUEUE TAG, ORDERED QUEUE TAG, pr
SIMPLE QUEUE TAG) shall be plaged in the Tag Queue Action field of the
ACCEPT TARGET I/O CCB;

— The queue tag value shall be placéd in the tag id field of the ACCEPT TARGET I/O
CCB.

If the Host Target Mode peripherdl driver requires disconnects, the SIM/HBA shall send
the DISCONNECT message and.go to BUS FREE phase. If disconnects are not requir%d
(ENABLE LUN CCB) but are allowed (IDENTIFY message) the SIM/HBA should send the
DISCONNECT message and go to BUS FREE phase;

Call the Host Target Mode peripheral driver CDB Received Completion callback functign
provided in the ACCERPT TARGET I/O CCB Callback on Completion field.

DTE 3 The SIM/HBA handle SDTR and WDTR messages transparently.

hen the Haest*Target Mode peripheral driver's CDB Received Completion callback functionis
lled, it shall do the following:

Ascertain how it responds to the SCSI command specified in the CDB. The Host Targ
Mode peripheral driver may use the same CCB (although this is not a requirement) for the

; ; ; ] a
pointer (if needed), data count (if needed), data direction (if any), the callback completion
function, and the queue tag id if running tagged. If a data transfer is required then the
Direction bits shall be set in the CAM Flags field of the CONTINUE TARGET I/O CCB. If
disconnects are enabled, the Host Target Mode peripheral driver may require a SAVE
DATA POINTERS message and DISCONNECT message after transferring some of the
data. If the request is to be completed then the SEND_STATUS bit shall be set in the CAM
Flags field of the CONTINUE TARGET I/O CCB and the SCSI status field shall contain the
SCSI status to be returned to the initiator;

b) If a CHECK CONDITION SCSI status is to be returned to the initiator, then the Host Target

Mode peripheral driver shall setup and maintain the CONTINGENT ALLEGIANCE
condition as specified in ISO/IEC 9316;
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NOTE 1 Host Target Mode peripheral driver sense data always represents the current status of the Host Target
Mode peripheral driver.

¢) The Host Target Mode peripheral driver shall then call the SIM/HBA via xpt_action()
passing the CONTINUE TARGET 1/0O CCB;

d) On return from the xpt_action() call, the Host Target Mode peripheral driver shall check
that the return value from xpt_action() is Request in Progress. If a status other than
Request in Progress is returned, then the command could not be transferred to the
SIM/HBA (possibly due to a bus reset or the receipt of a message). It is the responsibility
of the Host Target Mode peripheral driver to handle the condition correctly.

N JTE 2 RUfUI wJ ll.U.S fUI ﬂull.“liullﬂ: iIIfUIIIIﬂliUII.
11.6.8.4 SIM/HBA CONTINUE TARGET I/O CCB acceptance

Efror condition handling for Data phase and Message phase for Continue Target I/O functions
alle described in 11.6.8.6.

When the SIM/HBA receives a CONTINUE TARGET /O CCB it shall do the following:

a) If the SIM/HBA is recovering from a bus reset or bus device reset,\oran Immediate Notify
Condition the CAM Status and the xpt_action() return status shallbe set appropriately;

b)) Check whether there are outstanding unacknowledged events for this |_T_L nexus, if thefe
are any the SIM/HBA shall set the CAM Status and thelXpt_action() return status o
Unacknowledged Event by Host and return;

c) Check that the Path ID, Target ID, and LUN specified\in the CONTINUE TARGET 1/0O C(B
is that of an enabled LUN. If the LUN is not<enabled, the CCB CAM Status and
xpt_action() return status shall be Path Invalid;

d) Check that the callback on completion functien.is set in the CONTINUE TARGET I/O CCB.
If it is not set, the CCB CAM Status and\ xpt_action() return status shall be Request
Completed with Error;

e] Check that the pointer to the sensecbhuffer is set, and that the sense buffer length is|a
minimum of 18 bytes. If not correct,"the CCB CAM Status and xpt_action() return statyis
shall be Request Completed with‘Etror;

f)] Set the CAM Status and xpt.aetion() return value to Request in Progress;

g) If disconnects are notsenhabled, the SIM/HBA shall perform the necessary phasge
transitions. If disconpects are enabled, the SIM/HBA shall reselect the initiator, when
possible, to perform.the necessary phase transitions and reestablishthe | T Lorl T L [Q
nexus. The order-of_the operations that the SIM/HBA shall perform is specified as follows|:

1) If the Direction Bits are set specifying DATA In (data to initiator) or DATA Out (data
from thefinitiator) in the CAM Flags field of the CONTINUE TARGET 1/O CCB, theén
data shall be transferred (Data phase);

2) If the Send Status bit is set in the CAM Flags field of the CONTINUE TARGET I/O
CCB, the SIM/HBA shall go to STATUS phase and complete the request with|a
COMMAND COMPLETE message and go to BUS FREE phase;

disco bled-and-the SEND-STATUS bitisno i “Wa ags-field
of the CONTINUE TARGET 1/O CCB, the SIM/HBA shall send a SAVE DATA POINTER
message and a DISCONNECT message followed by a BUS FREE phase;

4) After all operations specified in the CCB have been transferred successfully, the Host
Target Mode peripheral driver's callback completion function in the CONTINUE
TARGET 1/0O CCB shall be called with a CAM Status of Request Completed without

Error.
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11.6.8.5 Host Target Mode peripheral driver continue target I/O callback

The Host Target Mode peripheral driver's Continue Target 1/O callback completion function
shall:

a)

If the CAM Status is not Request Complete Without Error, then an error has occurred. The
Host Target Mode peripheral driver shall be responsible for forming sense data, if
applicable and for maintaining it. The sense data conditions are defined in ISO/IEC 9316.
The Host Target Mode peripheral driver shall also be responsible for maintaining the
CONTINGENT ALLEGIANCE condition associated with the sense data;

ef
S

z O

sy

If the request completed and the Host Target Mode peripheral driver has more data and/pr
status to send to the initiator then a CONTINUE TARGET /O CCB shall be sent to the SIM
with the proper fields set;

If status has been sent to the initiator then the Host Target Mode peripheraldfiver may
reissue the same CCB by calling the SIM/HBA passing the same CCB..The CCB shall
have all fields properly set for the ACCEPT TARGET I/O CCB as(specified in this
document. The SIM/HBA can now reuse this CCB to accept a new connection for the COB
received;

If status has not been sent, then the Host Target Mode periphetal ‘driver can reissue the
CCB as a CONTINUE TARGET I/O CCB after it has been set upx

1.6.8.6 Command reception errors and data phase errors handling

the command Group code is not supported (Groups 3,44,"6 or 7), or there were CDB leng
rors, or there were errors in the incoming CDB that could not be handled transparently, t
M/HBA shall do the following:

set the proper Connect ID in the ACCEPT TARGET I/O CCB, and the Target ID of the

initiator that selected this SIM/HBA in the laitiator ID field;

form the SCSI-2 required 18 bytes of carrect SCSI sense data and place it in the ACCEH
TARGET I/0 CCB sense buffer. The(SIM/HBA shall also indicate that sense data is val
by setting the Autosense flag innCAM Status and set the SCSI Status field to CHEC
CONDITION;

for a Tagged Queue 1/O process:

DTE 1 |If the SIM/HBA or the ‘Hast Target Mode peripheral driver has indicated that Queue Tags are
pported, the Queue Tag message would have been rejected.
1) the Queue Tag. message (HEAD OF QUEUE TAG, ORDERED QUEUE TAG,
SIMPLE QUEUE TAG) is placed in the Tag Queue Action field of the ACCEHR
TARGET 1/©:CCB;

2) the Queue’/Tag value shall be placed in the Tag ID field of the ACCEPT TARGET |
CCB;

3) thexTagged Queue Action Enable bit shall be set in the CAM Flags field of the

ACCEPT TARGET I/O CCB.
due to the variety of SIM/HBA functionality and bus conditions, the SIM/HBA shall releas

h
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1) if the Host Target Mode peripheral driver required disconnects, the SIM/HBA shall

send a DISCONNECT message and go to BUS FREE phase. If disconnects are n
required but are allowed (IDENTIFY message), the SIM/HBA should send
DISCONNECT message and go to BUS FREE phase.

ot
a

if the SIM/HBA disconnects from the bus, then the CAM Status in the ACCEPT

TARGET I/O CCB shall be set to Invalid CDB;
2) cause an unexpected bus free. See ISO/IEC 9316 for further details (BUS FREE).

if the SIM/HBA causes an unexpected BUS FREE condition, then the CAM Status
the ACCEPT TARGET 1I/O CCB shall be set to Unexpected Bus Free.

in

NOTE 2 The Unexpected Bus Free Cam status ends the I/O process and the Host Target Mode peripheral driver
should not try to terminate it.
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e) Call back the Host Target Mode peripheral driver using the callback field within the
ACCEPT TARGET I/O CCB.

The Host Target Mode peripheral driver shall be responsible for the creation and preservation
of the Contingent Allegiance condition if the CAM Status is not Unexpected Bus Free. If the
CAM Status is not Unexpected Bus Free, it shall also complete the bus transaction by sending
a CONTINUE TARGET I/O CCB to properly terminate this connection.

If the SIM/HBA detects Data phase, Message Phase, or STATUS phase errors that cannot be
handled transparently or any other unrecoverable errors (except timeouts) while processing a
CONTINUE TARGET 1/0O CCB, the SIM/HBA shall:

a) Set the proper Connect ID in the CONTINUE TARGET 1/0O CCB, and the Target ID_of the
initiator that selected this SIM/HBA in the Initiator ID field;

b)) Form the SCSI-2 required 18 bytes of correct SCSI sense data and place it in the
CONTINUE TARGET I/O CCB sense buffer. The SIM/HBA shall also indicate that sensge
data is valid by setting the Autosense flag in CAM Status and set the SCSI Status field to
CHECK CONDITION.

c) For a Tagged Queue I/O process:

1) the queue tag value shall be placed in the Tag ID field of the)CONTINUE TARGET I/O
CCB;

2) the Tagged Queue Action Enable bit shall be setlin the CAM Flags field of the
CONTINUE TARGET 1/0 CCB.

d] Due to the variety of SIM/HBA functionality and bus.conditions, the SIM/HBA shall releage
the SCSI BUS in one of the following ways.

1) If the Host Target Mode peripheral driversrequired disconnects, the SIM/HBA shall
send a DISCONNECT message and go\to BUS FREE phase. If disconnects are npt
required but are allowed (IDENTIFY message), the SIM/HBA should send |a
DISCONNECT message and go to BUS FREE phase. If the SIM/HBA disconnects from
the bus, then the CAM Status inkthe CONTINUE TARGET I/O CCB shall be set to ofe
of the following:

— Target Bus Phase Sequence Failure;
— Uncorrectable Parity Error Detecte;
— Initiator Detected Error.
2) Cause an unexpected bus free. See ISO/IEC 9316 for further details (BUS FREE).

If the SIM/HBA causes an unexpected BUS FREE condition, then the CAM Status |in
the CONTINWE TARGET I/O CCB shall be set to Unexpected Bus Free.
NOTE 3 The Unexpécted Bus Free Cam status ends the I/O process and the Host Target Mode peripheral driyer
sHould not try tosterminate it.

e] Call _back the Host Target Mode peripheral driver using the callback field within the
CONTINUE TARGET 1/0 CCB.

The Host Target Mode peripheral driver shall be responsible for the creation anpd
X o : et ot ; |:d

Bus Free. If the CAM Status is not Unexpected Bus Free, it shall also complete the bus
transaction by sending a CONTINUE TARGET I/O CCB to properly terminate this
connection.

11.6.8.7 ACCEPT and CONTINUE TARGET I/O CCB timeouts

For connections that have not been fully identified the SIM/HBA shall use its default timeout
value. Fully identified connections shall mean the following.
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Initial connection:

— the IDENTIFY message has been processed for this connection without error with the
ATN signal false;

— the IDENTIFY message and the Queue Tag messages have been processed for this
connection without error with the ATN signal false.

Reconnection:
— shall be fully identified by a valid CONTINUE TARGET 1/0O CCB.

the connection, the SIM/HBA shall behave as spe in 11.6.3.1.1. When the initial
nnection has been fully identified the SIM/HBA shall use the ACCEPT TARGET |/G:C(
meout field value minus in seconds (if any) the selection time to full conpectign
entification.

ne reconnection timeout value shall be the valid CONTINUE TARGET 1/©,.CCBs Timeo
hlue field.

meout periods specified in the CCB(s) shall be measured in seconds and shall be handlg
the following manner when the connection has been fully identified:

ACCEPT TARGET I/0 CCB Timeouts for Initial Connections

1) the timeout period shall be from SIM/HBA selection<to just before Host Target Mode
peripheral driver callback;

DTE 1 For this example Disconnects are used:

when the SIM/HBA is selected by an initiator, the timeout periad‘starts;

after the IDENTIFY message(s) and optional QueuesTag messages are received the SIM/HBA goes
COMMAND phase;

the CDB is received and SIM/HBA disconnects;
when the SIM/HBA disconnects from the bus (DISCONNECT message and BUS FREE phase);

CCB Timeout Value — connection identification time (seconds) is positive, timeout period ends, no action|i
taken;

the SIM/HBA calls back the Host Target'Mode peripheral driver;

if the timer expired before the callback then this ACCEPT TARGET I/O CCB represents a timeout condition.
DTE 2 For this example Discopnects are not used:

When the SIM/HBA is seleCted by an initiator, the timeout period starts;

After the IDENTIFY message(s) and optional Queue Tag messages are received the SIM/HBA goes
COMMAND phase;

The CDB is received’but SIM/HBA is not allowed to disconnect;

CCB Timeout Malue — connection identification time (seconds) is positive, timeout period ends, no action|i
taken;

The SIM/HMBA calls back the Host Target Mode peripheral driver;
If the\timer expired before the callback then this ACCEPT TARGET I/O CCB represents a timeout condition.

2) if the timeout period expires for the ACCEPT TARGET I/O CCB, the SIM/HBA shall s

the CAM Status 10 Command Timeourt,

3) the proper Connect ID shall be set in the ACCEPT TARGET 1I/O CCB. The SCSI BUS
ID of the initiator that selected this SIM/HBA shall be set in the Initiator ID field;

4) the SIM/HBA shall cause an unexpected bus free. See ISO/IEC 9316 for further details
(BUS FREE);

5) call back the Host Target Mode peripheral driver using the callback field within the
ACCEPT TARGET I/0 CCB.

14
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b) CONTINUE TARGET I/O CCB Timeouts for Reconnections

1) the time period shall be measured from SIM/HBA reselection of the initiator to just
before Host Target Mode peripheral driver call back;

2) if the timeout period expires for the CONTINUE TARGET I/O CCB, the SIM/HBA shall
set the CAM Status to Command Timeout;

3) if a data transfer has been specified for this CCB, the Residual Length shall be set to
the number of bytes not transferred;

4) the SIM/HBA shall cause an unexpected bus free. See ISO/IEC 9316 regarding

T
S§

T
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1.6.9 ACCEPT TARGET I/O CCB
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5) call back the Host Target Mode peripheral driver using the callback field withinyt
CONTINUE TARGET 1/0 CCB.

ne Host Target Mode peripheral driver shall be responsible for forming and._maintaining
ense data for all timeouts.

he following lists the fields of the ACCEPT TARGET I/O CCB. No\entry under the "D|r"
bading indicates that this field is not being used for the Accept Tatrget 1/0 function.

Table 27 — ACCEPT TARGET I/O/CCB

Size|Dir| Accept Target 1/0O

Address of this CCB

CAM Control Blockylength

Function Code (Accept Target I/0)
CAM Status

Connect ID

[N SR
H O O O

Reserved

0 Path (ID (Bus no. of SIM/HBA)
0 Target ID (Target ID of SIM/HBA)
) LUN
I/0| CAM.FYags
0 Pexipheral Driver Pointer

Next CCB Pointer
0 Request Mapping Information (If needed)
Q Callback on Completion

SG List/Data Buffer Pointer

Data Transfer Length

) Sense Info Buffer Pointer

Sense Info Buffer Length

CDB Length

Number of Scatter/Gather Entries
VU Field

I SCSI Status

Autosense Residual Length
Reserved 0OSD

o O

Residual Length

2|I/0| CDB

0 Timeout Value

Message Buffer Pointer
Message Buffer Length
VU Flags

I Tag Queue Action

Tag ID

I Initiator ID

Reserved

Private Data

S EPREPRPRPENNNDSSESNNERDDNDERE& S DS DD DR PP
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The following lists the possible CAM Status values of the ACCEPT TARGET 1/O CCB:

— Invalid Request — Indicates that the CCB was sent to a disabled LUN;

— CDB Received — Indicates that the CCB contains a CDB received from an initiator;
— Invalid CDB — Target Mode CDB error;

— Request Aborted by Host;

— SCSI Bus Reset Sent/Received — This SIM/HBA is recovering from a bus reset;

— —Bus Device Reset Sent — This SIM/HBA is recovering from a BUS DFEVICE RESET
message;

—| Command Timeout — Time period specified expired;
—| Path Invalid;
—| Unexpected Bus Free.

The only valid bits for the CAM Flags field are the following:

—| CDB is a Pointer — Indicates the CDB contained in the ACCEPT \TARGET 1I/0 CCB is|a
pointer. The CDB Length field shall indicate the size of the CDB_huffer;

—| CDB Physical — Indicates whether the pointer address is virtuahor physical;
—| Sense Buffer — Indicates whether the pointer address is virtual or physical,

—| Callback on Comp.
11.6.10 CONTINUE TARGET I/O CCB

The following lists the fields of the CONTINUE TARGET 1I/O0 CCB. No entry under the "D|r"
heading indicates that this field is not being used for the Continue Target I/O function.
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Table 28 — CONTINUE TARGET I/O CCB

Size|Dir | Continue Target /0O

Address of this CCB
CAM Control Block Length
Function Code (Continue Target I/0)
CAM Status
Connect ID
Reserved

=N SR
H O O O

Path ID (Bus no. of SIM/HBA)

Target ID (Target ID of SIM/HBA)

LUN

O CAM Flags

Peripheral Driver Pointer

Next CCB Pointer

Request Mapping Information (if Needed)

Callback on Completion

SG List/Data Buffer Pointer

Data Transfer Length

Sense Info Buffer Pointer

Sense Info Buffer Length

CDB Length

Number of Scatter/Gather Entries

VU Field

SCSI Status (SCSI status to be sent
to indtiator)

Autosense Residual Len¢gbth

Reserved 0OSD

I Residual Length

2 CDB

0 Timeout Value

Message Buffer@gPointer

Message Buffekx*Length

VU Flags

o] Tag Queug Action

Tag ID (Original tag wvalue)

o] Initi¥apor ID

Reserved

Private Data

O~0O0 OO
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ne following lists the'possible CAM Status values of the CONTINUE TARGET 1/O CCB:

Invalid Request* Indicates that the CCB was sent to a disabled LUN;
Request infProgress — Request accepted by SIM/HBA,;

Request)Completed with Error — Indicates that the CCB is not properly setup;
Request Aborted by Host;

Reguest Completed without Error — Request completed successfully;

SCSI Bus Reset Sent/Received — This SIM/HBA is recovering from a bus reset;

No HBA Detected — The HBA is no longer responding;

Bus Device Reset Sent — This SIM is recovering from a BUS DEVICE RESET message;
Target Bus Phase Sequence Failure;

Uncorrectable Parity Error Detected,;

Initiator Detected Error;

Unexpected Bus Free;

Target Selection Timeout — Initiator failed to response to selection;

Command Timeout — Time period specified expired;
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Path Invalid;

Unacknowledged Event by Host — An event has not been acknowledged by the Host
Target Mode peripheral driver.

The following bits are valid for the CAM Flags field of the CONTINUE TARGET /O CCB:

Direction Out — Sending data from the target peripheral device to the initiator;
— SG List/Data Buffer Pointer and Data Transfer Length fields shall be filled in;
Direction In — Receiving data from the initiator to the target peripheral device;

1

W
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1.6.11 Disable of a Host Target Mode LUN

hen a Host Target Mode peripheral driver wishes to disabte Host Target Mode for an
emnabled LUN, it shall perform the following tasks:

hen the SIM receives an;ENABLE LUN CCB with the Number of Target CCBs equal to zefo
isable LUN) it shall perform the following tasks:

— SG List/Data Buffer Pointer and Data Transfer Length fields shall be filled in;
No Direction — No data phase required,;
Scatter/Gather — Indicates that the Data Buffer Pointer is a pointer to a scatter/gather list

Tagged Queue Action Enable — Indicates this is a tagged request and the Tag’ID shall be
filled in;

Sense Buffer — Indicates whether the pointer address is virtual or physical;

Callback on Completion.

issue an ABORT CCB for all ACCEPT TARGET I/ONECBs which were sent to the SIM thfat
have not been returned;

wait for processing of all CONTINUE TARGET(MO CCBs sent to the SIM to be completed,

once all CCBs are owned by the Host Target Mode peripheral driver, it shall issue an
ENABLE LUN CCB to the SIM/HBA with the Number of Target CCBs equal to zefo
(indicating the LUN should be disabled);

upon successful completion of theldisable for the Host Target Mode LUN (indicated by|a
CAM Status of Request Completed without Error) the Host Target Mode peripheral driver
shall own all IMMEDIATE NOTIFY CCBs if sent to the SIM/HBA. The Host Target Mode
peripheral driver may nowd{ree the CCBs if it so desires.

if the LUN was-never enabled, then the ENABLE LUN CCB shall be returned with a CAM
Status of Invalid Request;

if there areCACCEPT TARGET I/O CCBs or CONTINUE TARGET /O CCBs still owned by
the SIN\then the disable LUN request shall fail with Request Completed with Error;

thet:SIM/HBA unacknowledged event list shall be cleared;
upon successful completion of the disable for the Host Target Mode LUN, the ENABUE

FLUN - CCR chall bha vratirnad aapnth thna AN Cratiac £fiald ont ta DA~ t Caomnlatad \aath o

e)

EON-CCB-shat-be—returnes—with-the—CAM-Status—field-setto-Reguest-Completes—without

Error;

all subsequent ACCEPT TARGET 1I/O and CONTINUE TARGET /0O CCBs received by the
SIM prior to the receipt of another ENABLE LUN CCB that enables the LUN shall be
returned with a CAM Status of Invalid Request.

11.6.12 Exception conditions

11.6.12.1 1 BUS RESET

When a bus reset (hard reset) is sent or received, the following sequence of events shall
occur.
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a) The SIM/HBA shall

1)

2)

clear any outstanding target 1/0s owned by the SIM/HBA for the bus that suffered the
reset by calling the callback completion function with a CAM Status of SCSI Bus Reset
Sent/Received. Requests owned by the SIM/HBA are

— any /O currently on the bus,
— any Continue Target I/O requests which are currently queued in the SIM/HBA,;

cause the Host Target Mode peripheral driver asynch callback function to be called as
part of the normal asynch callback notification;

1

W
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3)

4)

5)

6)

The Host Target Mode peripheral driver asynch callback routine shall:

1)
2)

3)

4)

5)

1.6.12.2 BUS DEVICE RESET message

hen a BUS DEVICE-RESET message is sent/received, the following sequence of evenits
shall occur.

The SIM/HBA”shall:

1)

all initial connections shall complete with a SCSI status of BUSY, until the SIM/HBA
receives an applicable NOTIFY ACKNOWLEDGE CCB;

all CONTINUE TARGET 1I/O CCBs that are received by the SIM while the resget
recovery is in progress shall be returned with a CAM Status of SCSI ‘Bus Resgt
Sent/Received;

reset recovery shall be complete when the Host Target Mode peripheral-driver issues|a
NOTIFY ACKNOWLEDGE CCB with the Reset Cleared field sety/and the Sequenge
Identifier equal to zero;

the SIM/HBA unacknowledged event list shall be cleared for(all enabled LUNs on the
bus which experienced the bus reset.

clear all pending sense data;

cease processing on any outstanding requests“owned by the Host Target Mode
peripheral driver. These are ACCEPT TARGET\WO or CONTINUE TARGET 1/0O CCBs
being processed by the Host Target Mode peripheral driver;

for all initiators, sense data shall heformed and saved indicating the UN|T
ATTENTION condition caused as a result of the bus reset. See ISO/IEC 9316 fpr
further details on forming and clearing‘the contingent allegiance condition;

issue a NOTIFY ACKNOWLEDGE CCB with the Reset Cleared field set and the
Sequence ldentifier equal to zefo.;

if necessary, the Host Target Mode peripheral driver shall issue/reissue ACCERT
TARGET I/O CCB(s) so that the SIM/HBA can resume normal processing.

clearyany outstanding target 1/0s owned by the SIM/HBA for the target that received
thesBUS DEVICE RESET message by calling the callback completion function with|a
CAM Status of Bus Device Reset. Requests owned by the SIM/HBA are

— any /O currently on the bus,

2)
3)
4)

5)

— any Continue Target I/O requests which are currently queued in the SIM/HBA,;

cause the Host Target Mode peripheral driver asynch callback function to be called as
part of the normal asynch callback notification;

all initial connections shall complete with a SCSI status of BUSY, until the SIM/HBA
receives an applicable NOTIFY ACKNOWLEDGE CCB;

all CONTINUE TARGET 1/0 CCBs that are received by the SIM while the reset
recovery is in progress shall be returned with a CAM Status of Bus Device Reset;

reset recovery shall be complete when the Host Target Mode peripheral driver issues a
NOTIFY ACKNOWLEDGE CCB with the Reset Cleared field set and the Sequence
Identifier equal to zero;
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6) the SIM/HBA unacknowledged event lists shall be cleared for all enabled LUNs on the
target that received the BUS DEVICE RESET message.

b) The Host Target Mode peripheral driver asynch callback routine shall:

1) clear all pending sense data;

2) cease processing on any outstanding requests owned by the Host Target Mode
peripheral driver. These are ACCEPT TARGET I/O or CONTINUE TARGET 1/0 CCBs
being processed by the Host Target Mode peripheral driver;

3) for all initiators, sense data shall be formed and saved indicating the UNIT

ATTEATION T Al L+ £+l k. + o e aVil nlalilaXs X Walllt 3
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1.6.13 CDB reception on a non enabled LUN

hen a CDB is received by a SIM/HBA for a LUN that is not enahled, one of the following
bgquences shall occur depending on the command received.

1.6.14 Retriefning unused ACCEPT TARGET I/O CCBs from the SIM

a Host fFafget Mode peripheral driver wishes to retrieve an ACCEPT TARGET /O C(B
hich was.'Sent to the SIM (probably due to the lack of resources) the Host Target Mode
bripheral driver may issue an ABORT CCB. This shall result in the CDB Received

further details on forming and clearing the contingent allegiance condition;

4) issue a NOTIFY ACKNOWLEDGE CCB with the Reset Cleared field setcand the
Sequence ldentifier equal to zero;

5) if necessary, the Host Target Mode peripheral driver shall issue/reissie ACCERT
TARGET /O CCB(s) so that the SIM/HBA can resume normal processing.

INQUIRY Command:

if the SIM receives a CDB for the INQUIRY command“for a non-enabled LUN, the SIM
shall return only byte 0 of the inquiry data set to 23h

— the peripheral qualifier is set to 01b indicating the target is capable of supporting|a
physical device on this logical unit, however, the physical device is not currently
connected to this LUN,

— the peripheral device type set to 3h indicating Processor device type.
REQUEST SENSE Command:

if a REQUEST SENSE command-is received for a non-enabled LUN, the SIM shall retufn
sense data in which the sensg key shall be set to ILLEGAL REQUEST and the additional
sense code shall be set to LOGICAL UNIT NOT SUPPORTED.

All other commands:

if a command other than INQUIRY or REQUEST SENSE is received for a non-enable¢d
LUN, the SCSI status returned shall be CHECK CONDITION. Any subsequent REQUEST
SENSE command shall behave as in Item b.

bmpletion callback function of the ACCEPT TARGET I/O CCB being called with a CAM

12 HBA engines

An engine is a hardware device implemented in an HBA to perform time-intensive functions
not available on target devices. Generally, these engines are required to process data prior to
building a CDB and submitting it to a Logical Unit. There may be more than one engine in a
peripheral HBA.

One use of engines is to compress data. In this mode, a device driver first submits data to the
engine using the EXECUTE ENGINE REQUEST CCB. Once the engine has completed
processing the data, an EXECUTE SCSI I/O REQUEST CCB then can be built for the
compressed data and sent to a SIM/HBA.
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The engine model allows for the addressing of buffer memory located on the HBA. The buffer
addressing appears to the host as contiguous space. Using this model, it is possible to submit
multiple EXECUTE ENGINE REQUEST CCBs until the engine buffer is full. Once the full
condition is met, an EXECUTE SCSI I/O REQUEST CCB then can be built for the compressed
data and sent to a SIM/HBA.

When the full condition occurs (as defined by the destination data length equalling the
destination data maximum length), the amount of unprocessed source data is reported in the
source residual length. The residual data may then be re-submitted at a later time.

T

T

B Engine inquiry

nis function is used to gather information about the data processing engines installed in the
BA hardware.

Table 29 — ENGINE INQUIRY CCB

Size|Dir Engi ne inquiry

4 o} Address of this CCB
2 ) CAM Control Block Length
1 ¢} Function code
1 I CAM Status
Connect ID
1 Reserved
1 0] Path ID
1 Target ID
1 LUN
4 0 CAM Flags
2 0 Engine numbgy
1 I Engine type

0=Buffer memory

l=Lessless compression
2zlossy compression
3sEncryption

4-FF reserved

1 I Engine algorithm ID

0=Vendor Unique

1=LZ1 variation 1 (STAC)
2=L72 variation 1 (HP DCZL)
3=LZ2 variation 2 (infochip)
4-FF reserved

4 I Engine memory size

ne enginetype reports the generic function the addressed engine is capable of supporting.

ne-engine algorithm ID reports the specific capability the addressed engine supports.

The amount of buffer memory provided for an engine is reported in the engine memory size.

This function shall return a CAM Status other than Request in Progress.

CAM Status of Request Completed without Error indicates that the other returned fields
are valid:

CAM Status of Invalid Request indicates that the specified engine number is not installed:

CAM Status of Cannot Provide Requested Capability indicates that the SIM/HBA does not
support this function.
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13.1 Execute engine (optional)
To accommodate buffering associated with the engine, the CAM Flag SG list/data (bit 7) set to
1=engine is used to specify that the normal data buffer pointer is actually a physical address

in the buffer space of the engine. The CAM Flag SG List/Data (bit 5) shall signify whether the
address(es) is(are) Virtual or Physical.

There are four modes associated with engine processing established by CAM Flags:

— adirection setting of out is used to encrypt or compress the data;

—| a direction setting of in is used to decrypt or decompress the data;
—| synchronize is used in conjunction with in or out to flush any residual bits -prior fo
terminating engine processing.

The EXECUTE ENGINE REQUEST CCB activates the engine to perform gthe request¢d
function. Some functions change the data size (e.g., a compression engine-~teduces the size
ofl data prior to transmission over the SCSI bus).

Table 30 - EXECUTE ENGINE REQUEST CCB

Size|Dir Execut e Engi ne

Address of this CCB
CAM Control Block Length
Function Code
CAM Status
Connect ID
Reserved
Path ID
Target ID
LUN
CAM Flags
Peripheral driver pointer
Reserxved
Reguest mapping information
CaXback on completion
SG list/data buffer pointer
Data transfer length
Engine buffer data pointer
Reserved
Reserved
Number of scatter/gather entries
Destination data maximum length
Destination data length
Source residual length
Reserved
0 Timeout value
Reserved
) Engine number
0O VU flags
Reserved
Reserved
) Private data

N
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This function typically returns with CAM Status of In Progress indicating that the request was
queued successfully. Function completion can be ascertained by polling for non-zero status
(non Request in Progress status) or through use of the Callback on Completion field.
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