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BACKGROUND

To be SAM compliant, any SCSI protocol needs to show how it maps the SAM services onto the SCSI protocol layer.  Although informative, the editor feels the section is necessary to pass public (and X3T10) review.  This proposal (Protocol Services) goes with rev 1 (95a115r1) of the Transport Services proposal.



REVISION HISTORY

Revision 1 makes the following changes.

Break the complex data structure “Task Identifier” into its individual components to ease in understanding.

Modify the proposal to match rev 1 of the transport services proposal (95a115r1).

Remove the concept of Port, as that is now controlled by the transport layer.

Add the Destination ID to all services (not explicitly stated in SAM).

Add a Transport Service Handling section.

A section to support Contingent Allegiance was added, but it is not supported throughout the spec.



PROPOSAL

This proposal is informative only, and does not place any requirements on the implementation, other than those requirements already specified in the specification.

This proposal is based off rev 16 of SAM (the public review version).

This proposal consists of several changes.

First, add the following definition to section 3.2. Symbols and Abbreviations...�SAM		SCSI-3 Architectural Model

Change the title of the CLEAR ACA CONDITION SMS to CLEAR ACA to match SAM rev 16.  This affects sections 5.7 and 5.9.

Replace the place holder section 5 (SAM SERVICES) with the following pages (excluding the editors notes).

Rename the SMS verification section to the SMS Validation section (7.2).



Sincerely, 

 John Scheible�Voice:	(512) 823-8208�FAX: 	(512) 823-0758�Email:	Scheible@vnet.ibm.com  
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�Protocol Services Model

This clause demonstrates how the SAM Services model can map onto the SSA-S2P protocol.  This clause in informational only, and does not place any requirements on the implementation, other than those requirements already specified in this specification.  Since the SAM Service model is a logical model, certain liberties were taken to map it onto a more detailed implementation (See � REF _Ref325723110 \n �5.1.1�).

Introduction

The SAM/Protocol/Transport layers

Here is a partial list of the major responsibilities of the SAM, Protocol, and Transport layers.

The SAM layer is responsible for SCSI Command generation, queuing, and execution.  SAM also handles sense data building, Contingent Allegiance or Auto Contingent Allegiance conditions, and command termination.

The Protocol layer provides the function to map the SAM Protocol services onto the SSA-TL1 transport layer.  In addition, the Protocol layer maintains a data structure of all outstanding commands to allow for deadlock avoidance and error handling in case of illegal operations resulting in a deadlock situation.  

The Transport layer provides the function to map the Transport Services onto the SSA-PH1 physical environment.  It also provides procedures for configuration, error reporting, error handling, and configuration management.  The Transport layer also converts the Protocol Unique ID into an Initiator ID used by some SMSs by the use of the Initiator table.  The transport layer is also responsible for all port and alternative path selection (The protocol layer does not know about multiple ports or paths).

Notation Differences with the SAM Services model

The SAM Services model is a logical model.  In an attempt to show a more detailed implementation of the SAM Services model on SSA-S2P, certain liberties were taken as shown in the following.

The Send SCSI Command Protocol Service is missing an optional input parameter entitled Command Byte Count.  This is a recognized error in SAM rev 16, and will be corrected in SAM rev 17.

Any implementation must have a known parameter list rather than a set of optional parameters.  Therefore, a test for null is used to determine if a parameter is included.

The SAM Services model (a logical model) assumes data is queued and sent with the service request or confirmation.  In an actual implementation, pointers to host or device memory will be sent and data will be written to or read from memory below the SAM layer.  Therefore the data structures are replaced with memory address pointers, and the names changed to add Address to the name.

Modifications to the Device Server model

SSA-S2P requires a minor modification to the device server model as specified in � REF _Ref327673262 \n �5.1.3.1�.

Queue Full Handling

Once the Device Server detects a Queue Full condition and responds to a SCSI Command with QUEUE FULL status, then all other commands received after that point shall be ignored (not processed) until a SCSI Command is received with the Resume parameter set to 1b. 

More specifically, when the Device Server detects a Queue Full condition, it generates a Send Command Complete protocol service response with a Status parameter value of QUEUE FULL and sets an internal Queue Full flag to 1b.  All SCSI Command Received protocol service indications received with the Resume parameter set to 0b and the internal Queue Full flag set to 1b, shall be ignored (not queued or executed).  When a SCSI Command Received protocol service indications received with the Resume parameter set to 1b, the internal Queue Full flag is set to 0b and the command is processed (which may result in another QUEUE FULL Status).

Deadlock avoidance

A potential deadlock situation could occur in SSA since resources are limited in nodes, and SMSs are unsolicited.  Deadlock is not possible with data transfers, since they are solicited with the use of data transfer SMSs.  Deadlock avoidance is a process whereby deadlock situations on the SSA web are avoided.  

Deadlock avoidance consists of two parts as described in the following paragraphs.  

First, the number of non-SCSI COMMAND SMSs are limited and sufficient resources exist for them.  Both the Transport and Protocol layers are responsible for this.  The Protocol layer simply holds any service that would send a non-SCSI COMMAND SMS while any non-SCSI COMMANDS SMSs are outstanding.

Editor’s note: Should we have a time-out?

Secondly, SCSI COMMAND SMS resource limitations are controlled by the use of Queue Full and the protocol layers Outstanding Commands Table.  When the initiator Protocol layer receives a SCSI STATUS SMS with status field of QUEUE FULL, it generates a Command Complete Received protocol service response for all commands in its Outstanding Commands Table that were issued after the command responding with QUEUE FULL status.  Since the initiator generates the QUEUE FULL status for those commands, the target is free to discard all SCSI Commands with the resume field set to 0b, and not issue any SCSI STATUS SMSs with a QUEUE FULL status.  When the next SCSI Command is sent, it will have the resume field set to 1b, which will reset the Queue Full flag in the device and resume processing of SCSI Commands. 

Contingent Allegiance handling

Auto Contingent Allegiance support is strongly recommended but not required.  Contingent Allegiance is supported in SSA-S2P by making the following changes in the initiator protocol layer.

Maintain a Contingent Allegiance Table (See � REF _Ref327691388 \n �5.3.3�).

When an SMS RECEIVED transport service is received with a valid SCSI STATUS SMS and a Status value of CHECK CONDITION STATUS, then an entry is made in the Contingent Allegiance Table.

When an SMS RECEIVED transport service is received with a valid SCSI STATUS SMS and a Status value of ACA ACTIVE, then the Status is changed to QUEUE FULL, and processed normally.

When a Send SCSI Command protocol service request is received and the Contingent Allegiance Table has an entry corresponding the that Destination ID and LUN, then the following actions occur.

Send the SCSI command normally except the queue cntl field shall have a value of AUTO CONTINGENT ALLEGIANCE.  The Tag parameter of the SCSI Command is entered in the Contingent Allegiance Table.

Hold any additional Send SCSI Command protocol service requests from any initiator with an entry in the Contingent Allegiance table until the SCSI Status returns with the Tag value in the Contingent Allegiance Table.

When the SCSI Status returns with the Tag value in the Contingent Allegiance Table, generate a CLEAR ACA SMS  as described in � REF _Ref327680222 \n �5.6.3�, and when the associated SCSI Response returns, clear the entry in the Contingent Allegiance Table.

Implementation Specific Options

The SSA protocol and transport services have several implementation specific features as described below.

The transport layer is responsible for controlling hardware and allocating data transfer resources, including Ichannel and Tchannel values.  If sufficient resources exist to allocate them at Command time (Send Command protocol service) rather than Data Transfer time, then overhead can be reduced during command overhead (Refer to the ddrm and ichannel fields of the SCSI Command SMS).  If this is implemented, then the TARGET FAST READ and FAST READ DATA COMPLETED Transport services are used in place of the TARGET READ, INITIATOR READ, and READ DATA COMPLETED Transport services. 

The willingness to accept data transfers that are out of order (non-contiguous) for a command can improve performance significantly (Refer to the oot field of the SCSI COMMAND SMS in 7.4).

The SSA-S2P supports the SCSI-2 concept of Contingent Allegiance.  The SCSI-3 concept of Auto Contingent Allegiance cannot be directly supported because the SCSI-2 CDB and Status bytes do not have the required fields and values.  However, SSA-S2P will handle the Auto Contingent Allegiance condition if the implementation will support the required CDB fields and Status values.

SAM does not control the use of alternate paths, but does require that command be received in order.  If the implementation can control this ordering and still use multiple paths to a device, then the transport layer is responsible for this function.

Conventions

This section describes how to map the various SAM objects into SSA-S2P fields, and describes some of the notations used in this clause.

Definitions changes from SCSI-2 to SCSI-3

This specification refers to both the SCSI-2 specification, and to the SCSI-3 Architectural model (SAM).  This section gives an approximate correlation between SCSI-2 terms and SAM terms.  Refer to the appropriate specifications for more detailed definitions.

SCSI-2 I/O process relates to SCSI-3 Task.

SCSI-2 Target portion that sits above the protocol layer is the SCSI-3 Device Server.

SCSI-2 Initiator portion that sits above the protocol layer is the SCSI-3 Application Client

Service naming conventions.

The term Protocol Services refers to those services between the SSA-S2P layer and the SAM layer, and in following SAM the name contains first letter capitalized words.  The term Transport Services refers to those services between the SSA-TL1 transport layer and the SSA-S2P protocol layer, and in following SSA-TL1 and SSA-S2P conventions the name is all letters capitalized. 

Notations

The services are indicated with indented text as illustrated below.

Service-name ( Input parm1, [Optional input parm2] || Output parm1, [Optional Output parm2] )

The service name precedes the parenthesis.  The parenthesis enclose the parameter lists.  Any parameter enclosed in angle brackets ([...]) is considered optional.  The double bar (||) separates the input parameters from the output parameters.

Protocol layer data structures

Outstanding Commands Table

The initiator protocol layer shall maintain an Outstanding Commands Table consisting of entries for all outstanding commands as shown in � REF _Ref327582924 \* MERGEFORMAT �Table 1�.  The target does not maintain this table.  The entries are ordered  in the order that they were received.  A command is outstanding after the Send Command protocol service request is received until the Send Command Complete service response is sent.  All fields are obtained from the Send SCSI Command protocol service (for initiators) or the SCSI Command Received protocol service (for targets).

Table � SEQ Table \* ARABIC �1� - Outstanding Commands Table entry format

Field�Description��destination id�The 8 byte unique ID of the target ��source id�The 8 byte unique ID of the initiator from the Task Identifier parameter.��tag�The Tag value of the SCSI command from the Task Identifier parameter.��lun�The Logical Unit number from the Task Identifier parameter.��data-out buffer address�The optional Buffer-Out address parameter��data-in buffer address�The optional Buffer In address parameter��command byte count�The optional Command Byte Count parameter��

Queue Full flag

A single bit Queue Full Flag for the entire data structure will be maintained for deadlock avoidance.

For the Target protocol layer, the Queue Full flag is processed as follows.

The Queue Full flag in the target is set to 1b when it was previously set to 0b and a Send Command Complete protocol service response is received with a Status parameter value of QUEUE FULL.  The Send Command Complete protocol service response is processed normally.  

Any Send Command Complete protocol service response received with a Status parameter value of QUEUE FULL while the Queue Full flag is set to 1b shall be ignored.  

Any SMS RECEIVED transport service is invoked with a valid SCSI COMMAND SMS with a resume field set to 0b while the Queue Full flag is set to 1b shall be ignored (the Return Code parameter value is FUNCTION SUCCESSFUL, but no action is taken).  

The Queue Full flag is set to 0b  and the command is processed when an SMS RECEIVED transport service is invoked with a valid SCSI COMMAND SMS with a resume field set to 1b.  The SMS RECEIVED transport service executed normally. 

For the Initiator protocol layer, the Queue Full flag is processed as follows.

The Queue Full flag in the target is set to 1b regardless of its previous state, and a SMS RECEIVED transport service is invoked with a valid SCSI STATUS SMS with a status field value of QUEUE FULL.  A Command Complete Received protocol service confirmation will be generated.  The Outstanding Commands Table is scanned for any commands issued after the command returning QUEUE FULL status, and a Command Complete Received protocol service confirmation is generated and the entry cleared as if a SCSI STATUS was received with a QUEUE FULL status.

The Queue Full flag is set to 0b, when it was previously set to 1b and a Send SCSI Command protocol service request is received.  The resulting SCSI COMMAND sms structure will have the resume field set to 1b (Refer to � REF _Ref325724792 \n �5.4.1� for more details).

Editor’s note: Is the Queue Full indication by Initiator or by the entire command queue.  Some devices allocate a few queue slots to each Initiator and the remainder of the queue slots are in a general pool.  The write-up assumes a Queue Full indication for the entire command queue.

Contingent Allegiance Table

If Contingent Allegiance is to be supported, then Contingent Allegiance table must be maintained.  When a SCSI Status SMS is received, the destination id and lun field values from the Outstanding Commands Table entry associated with the SCSI STATUS SMS tag field is entered in the table.  When the SCSI COMMAND SMS is sent with the ACA ACTIVE queue cntl field, then the tag field  of that Command is entered into the tag field of the same Contingent Allegiance Table entry.  When the SCSI Response is received from the CLEAR ACA SMS, then the Contingent Allegiance Table entry is cleared.  See � REF _Ref327691897 \n �5.1.5� for more details.

Table � SEQ Table \* ARABIC �2� - Contingent Allegiance Table entry format

Field�Description��tag�The Tag value of the SCSI command from the Task Identifier parameter.��destination id�The 8 byte unique ID of the target ��lun�The Logical Unit number from the Task Identifier parameter.��

Object definitions

The Destination ID is the 64 bit Unique ID of the Destiniation.

The Initiator Identifier is the device’s 64 bit Unique ID.  The Unique ID is globally unique, and is the value is the same to each device in the SSA web.

The Logical Unit Number is a 7 bit value that resides in the luntrn field (byte 8) of those SMSs that contain a Logical Unit Number (SCSI COMMAND, ABORT, CLEAR QUEUE, and CLEAR ACA).  The SCSI-2 concept of  Target Routines is also included in byte 8.

The Source ID is the 64 bit Unique ID of the Source.

The Tag is a two byte value that resides in the tag field (bytes 2 and 3) of all SSA-S2P SMSs.

The Target Identifier is the device’s 64 bit Unique ID.  The Unique ID is globally unique, and is the value is the same to each device in the SSA web.

The Task Attribute is a two bit value that resides in the queue cntl field of the SCSI COMMAND SMS.

SCSI Command Protocol Services

� REF _Ref325383667 \* MERGEFORMAT �Table 3� shows the typical services activity to execute a command that does not involve data transfer, where ==> and <== indicate direction.

Table � SEQ Table \* ARABIC �3� - Command execution services activity

Initiator�Cable�Target��SAM�Protocol�Transport�Cable�Transport�Protocol�SAM��Protocol Services�Transport Services�Cable�Transport Services�Protocol Services��==>�Send SCSI Command�==>�GET INITIATOR ID�==>�SEND SMS���==>�SCSI COMMAND SMS���==>�SMS RECEIVED�<==�GET UNIQUE ID�����==> SCSI Command�Received ��<== Command� Complete Received�<==�SMS RECEIVED�<==�SCSI STATUS SMS�<==�SEND SMS�<== Send Command�Complete��

Send SCSI Command protocol service request	

Send SCSI Command (Destination ID, Source ID, Tag, LUN, CDB, [Task Attribute], [Data-Out Buffer Address], [Data-In Buffer Address], [Command Byte Count], [Autosense Request] ||)

Upon receipt of the Send SCSI Command protocol Service request from SAM, the protocol layer will construct an SCSI COMMAND SMS and will instruct the transport layer to transmit it.

The SSA-S2P protocol will construct a SCSI COMMAND SMS into a data structure entitled sms structure as follows:

The ulp code and sms code fields are set to 82h and 10h respectively.

The Tag and LUN parameters go in the tag and luntrn fields respectively.

The initiator id field is the Initiator ID parameter from the invocation of the GET INITIATOR ID (Source ID || Initiator ID, Return Code) transport service.

The CDB parameter goes in the cdb field.

The Task Attribute parameter goes in the queue cntl field (the SIMPLE value is used if the Task Attribute parameter is null).

The use of the ddrm, ichannel, and oot fields is implementation dependent.

The use of the resume field depends on the status of the Queue Full flag condition (See � REF _Ref327673262 \n �5.1.3.1�).

The Autosense parameter is ignored in the SSA-S2P protocol

The SSA-S2P protocol will then invoke the transport layer service of SEND SMS as follows to send the SCSI COMMAND SMS.

SEND SMS (Control, Destination ID, Buffer Address, Length || Return Code)

The control parameter is always 00h.

The Destination ID parameter is the Destination ID from the Send SCSI Command protocol service.

The Buffer Address parameter is the location of the sms structure data structure.

The Length parameter is the length of the sms structure data structure.

If the Return Code parameter indicates FUNCTION FAILED or INVALID PARAMETER, then the protocol layer will generate a Command Complete Received protocol service confirmation with a Service Response parameter value of SERVICE DELIVERY OR TARGET FAILURE.

SCSI Command received protocol service indication

SCSI Command Received (Source ID, LUN, Tag, Task Attribute, CDB ||)

When the transport layer receives an SMS, it generates a SMS RECEIVED transport service request.  If the Protocol layer validates it as a SCSI Command SMS, then a SCSI Command Received Protocol service indication is invoked as follows.

The Source ID parameter is obtained from the Unique ID parameter returned by the invocation of the GET UNIQUE ID (Initiator ID || Unique ID, Return Code) transport service.  The Initiator ID parameter is taken from the initiator id field of the SCSI COMMAND SMS

The tag field of the SCSI COMMAND SMS is returned as the Tag parameter.

The luntrn field of the SCSI COMMAND SMS is returned as the LUN parameter.

The queue cntl field of the SCSI COMMAND SMS is returned as the Task Attribute parameter.

The cdb field of the SCSI COMMAND SMS is returned as the CDB parameter.

Send Command Complete protocol service response

Send Command Complete (Destination ID, Source ID, Tag, LUN, Status, Service Response ||)

Upon receipt of the Send Command Compete protocol service from SAM, the protocol will perform the following actions.

The SSA-S2P protocol will construct a SCSI STATUS SMS into a data structure entitled sms structure as follows:

The ulp code and sms code fields are set to 82h and 10h respectively.

The Tag parameter goes into the tag field.

The Status parameter goes into the status field.

The Service Response parameter will cause the link and flag fields to be set as defined in � REF _Ref325386046 \* MERGEFORMAT �Table 4�.

Table � SEQ Table \* ARABIC �4� - Service Response parameter and its impact on flag and link fields

Service Response parameter�flag field�link field��Task Complete�0b�0b��Linked Command Complete�0b�1b��Linked Command Complete (with flag)�1b�1b��Service Delivery of Target Failure�0b�0b��

The SSA-S2P protocol will then invoke the transport layer service of SEND SMS as follows to send the SCSI STATUS SMS.

SEND SMS (Control, Destination ID, Buffer Address, Length || Return Code)

The control field is always 00h.

The Destination ID parameter of the Send Command Complete protocol service passed as the Destination ID parameter.

The Buffer Address parameter is the location of the sms structure data structure.

The Length parameter is the length of the sms structure data structure.

Command Complete Received protocol service confirmation

Command Complete Received (Destination ID, Source ID, Tag, LUN, [Data-In Buffer Address], Status, Service Response ||)

When the transport layer generates an SMS RECEIVED transport service request, and the SMS is validated by the protocol layer as a SCSI STATUS SMS, then a Command Complete Received protocol service indication is generated as follows.

The tag field of the SCSI STATUS SMS is returned as the Tag parameter.

The Destination ID parameter is returned from the destination id field of the Outstanding Commands Table entry identified by the Tag parameter.

The Source ID parameter is the initiators Unique ID.

The LUN parameter is returned from the lun field of the Outstanding Commands Table entry identified by the Tag parameter.

The Data-In Buffer Address parameter is returned from the data-in buffer address field of the Outstanding Commands Table entry identified by the Tag parameter.

The status field is returned as the Status parameter.

The Service Response parameter shall be returned with TASK COMPLETE.

If any of the following transport services returns a FUNCTION FAILED Return Code parameter, then the protocol will generate a Command Complete Received protocol service indication.

SEND SMS associated with the Send SCSI Command protocol service request.

INITIATOR READ parameters are invalid.

INITIATOR WRITE parameters are invalid.

In any of the previous cases, then a Command Complete Received protocol service indication is generated as follows.

The Tag parameter of the associated protocol service request (Send SCSI Command Protocol) or transport service (INITIATOR READ or INITIATOR WRITE) is returned as the Tag parameter.

The Destination ID parameter is returned from the destination id field of the Outstanding Commands Table entry identified by the Tag parameter.

The Source ID parameter is the initiators Unique ID.

The LUN parameter is returned from the lun field of the Outstanding Commands Table entry identified by the Tag parameter.

The Data-In Buffer parameter is not used.

The Status parameter is not used.

The Service Response parameter shall be returned with DELIVERY OR TARGET FAILURE.

Data Transfer Protocol Services

� REF _Ref325422723 \* MERGEFORMAT �Table 5� shows the typical services activity to transmit Data-In, where ==> or <== indicates direction.

Table � SEQ Table \* ARABIC �5� - Data-In services activity

Initiator�Cable�Target��SAM�Protocol�Transport�Cable�Transport�Protocol�SAM��Protocol Services�Transport Services�Cable�Transport Services�Protocol Services�����Initiator Read <==�DATA READY <==�==> DATA REPLY�data<==�Target Read <==�Send Data-In <==�����Read Data Completed ==>�Data Received ==>��

� REF _Ref325423760 \* MERGEFORMAT �Table 6� shows the typical services activity to transmit Data-Out, where ==> or <== indicates direction.

Table � SEQ Table \* ARABIC �6� - Data-Out services activity

Initiator�Cable�Target��SAM�Protocol�Transport�Cable�Transport�Protocol�SAM��Protocol Services�Transport Services�Cable�Transport Services�Protocol Services���Initiator Write <==�DATA REQUEST<==�==>data�Target Write <==�Receive Data Out <==�����Write Data Completed ==>�Data Out Received ==>��

Send Data-In protocol service request

Send Data-In (Destination ID, Source ID, Tag, LUN, Device Server Buffer, Application Client Buffer Offset, Request Byte Count ||)

Upon receipt of the Send Data-In protocol service request, the protocol will invoke the following transport service.

TARGET READ (Destination ID, Tag, Buffer Address, Byte Offset, Byte Count, Start Count, Threshold Count || Return Code)

The Destination ID parameter of the Send Data In protocol service request becomes the Destination ID parameter of the TARGET READ protocol service.

The Tag parameter of the Send Data In protocol service request becomes the Tag parameter of the TARGET READ protocol service.

The Device Server Buffer parameter of the Send Data In protocol service request becomes the Buffer Address parameter of the TARGET READ protocol service.

The Application Client Buffer Offset parameter of the Send Data In protocol service request becomes the Byte Offset parameter of the TARGET READ protocol service.

The Request Byte Count parameter of the Send Data In protocol service request becomes the Byte Count parameter of the TARGET READ protocol service.

The use of the Start Length and Threshold Length parameters are implementation dependent.  These parameters can be used when the target does not have Byte Count worth of data in its buffer at the time of invocation (but it does have Start Count), and will use the transport layer to throttle the data transfer.  Refer to the Target Read service in the SSA-TL1 specification for more information on this function.  Normal operation would set the Start Length parameter to the Byte Count parameter, and the Threshold Length parameter to zero.

If the Return Code parameter indicates FUNCTION FAILED, then the protocol layer will generate a Command Complete Received protocol service confirmation with a Service Response parameter value of SERVICE DELIVERY OR TARGET FAILURE.

If the Return Code parameter indicates FUNCTION SUCCESSFUL, then the invocation of the TARGET READ transport service will cause the Initiator protocol to receive an INITIATOR READ transport service request, by sending one or more DATA READY SMS(s).

Data Delivered protocol service confirmation

Data Delivered (Destination ID, Source ID, Tag, LUN ||)

When the data transfer initiated by the Send Data-In protocol service request completes, the transport layer will inform the protocol layer with a READ DATA COMPLETE transport service.

READ DATA COMPLETED ( || Tag, LUN, Destination ID, Return Code )

Upon receipt of the READ DATA COMPLETED transport service, the protocol layer will generate a Data Delivered protocol service confirmation as follows.

Data Delivered (Destination ID, Source ID, Tag, LUN ||)

The READ DATA COMPLETED Destination ID parameter is copied into the Destination ID parameter. 

The target’s Unique ID is returned as the Source ID parameter.

The READ DATA COMPLETED Tag parameter is copied into the Tag parameter.

The READ DATA COMPLETED LUN parameter is copied into the LUN parameter.

Receive Data-Out protocol service request

Receive Data-Out (Destination ID, Source ID, Tag, LUN, Application Client Buffer Offset, Request Byte Count, Device Server Buffer ||)

Upon receipt of the Receive Data-Out protocol service request, the protocol will invoke the following transport service.

Target Write (Destination ID, Tag, Buffer Address, Byte Offset, Byte Count || Return Code)

The Receive Data-Out Destination ID parameter becomes the Destination ID parameter.

The Receive Data-Out Tag parameter becomes the Tag parameter.

The Receive Data-Out Device Server Buffer parameter becomes the Buffer Address parameter

The Receive Data-Out Application Client Buffer Offset parameter becomes the Byte Offset parameter

The Receive Data-Out Request Byte Count parameter becomes the Byte Count parameter

If the Return Code parameter indicates FUNCTION FAILED, then the protocol layer will generate a Command Complete Received protocol service confirmation with a Service Response parameter value of SERVICE DELIVERY OR TARGET FAILURE.

The invocation of the Target Write transport service will cause the Initiator protocol to receive an Initiator Write transport service request.  

Data-Out Received protocol service confirmation

Data-Out Received (Destination ID, Source ID, Tag, LUN ||)

When the data transfer initiated by the Send Data-Out protocol service request completes, the transport layer will inform the protocol layer with a WRITE DATA COMPLETE transport service.

WRITE DATA COMPLETED ( || Tag, LUN, Destination ID, Return Code )

Upon receipt of the READ DATA COMPLETED transport service, the protocol layer will generate a Data-Out Received protocol service confirmation as follows.

Data-Out Received (Destination ID, Source ID, Tag, LUN ||)

The WRITE DATA COMPLETED Destination ID parameter is copied into the Destination ID parameter. 

The target’s Unique ID is returned as the Source ID parameter.

The WRITE DATA COMPLETED Tag parameter is copied into the Tag parameter.

The WRITE DATA COMPLETED LUN parameter is copied into the LUN parameter.

Task Management Functions

This section describes the common actions of all Task Management functions except for the Terminate Task function, which always returns a Service Response of FUNCTION REJECTED.

Upon receipt of the Task Management Function protocol Service request, the protocol layer will construct an SMS structure and will instruct the transport layer to transmit it.  The type of SMS depends on the Task Management function, and will be detailed in each Task Management section.

In all cases, the SSA-S2P protocol will then invoke the transport layer service of SEND SMS as follows.

SEND SMS (Control, Destination ID, Buffer Address, Length || Return Code)

The Control parameter is always 00h

The Destination ID parameter is taken from the Send Task Management Request Destination ID parameter.

The Buffer Address parameter is the location of the sms structure data structure.

The Length parameter is the length of the sms structure data structure.

If the Return Code parameter indicates FUNCTION FAILED or INVALID FIELD, then the protocol layer Service Response value of SERVICE DELIVERY OR TARGET FAILURE.  If the Return Code parameter indicates FUNCTION SUCCESSFUL, then the protocol layer Service Response value of FUNCTION COMPLETE.

It is the responsibility of the protocol to make sure that only one Task Management function is outstanding at a time from any given Initiator.  Additional Task Management functions received while another Task Management function is active from that initiator will be held until the outstanding Task Management function completes.

Abort Task

Service Response = ABORT TASK ( Destination ID, LUN, Tag ||)

The SSA-S2P protocol will construct an ABORT TAG SMS into a data structure entitled sms structure as follows:

The ulp code and sms code fields are set to 82h and 30h respectively.

The tag field is set to 00h.

The initiator id field is set to the Initiator ID parameter from the invocation of the GET INITIATOR ID (Source ID || Initiator ID, Return Code), where the Source parameter is the initiator’s Unique ID.

The tag2 field is set to the Tag parameter.

Abort Task Set

Service Response = ABORT TASK SET ( Destination ID, LUN ||)

The SSA-S2P protocol will construct an ABORT SMS into a data structure entitled sms structure as follows:

The ulp code and sms code fields are set to 82h and 31h respectively.

The tag field is set to 00h.

The initiator id field is set to the Initiator ID parameter from the invocation of the GET INITIATOR ID (Source ID || Initiator ID, Return Code), where the Source parameter is the initiator’s Unique ID.

The luntrn field  is set to the LUN parameter.

Clear ACA

Service Response = CLEAR ACA ( Destination ID, LUN ||)

The SSA-S2P protocol will construct a CLEAR ACA SMS into a data structure entitled sms structure as follows:

The ulp code and sms code fields are set to 82h and 34h respectively.

The tag field is set to 00h.

The Logical Unit Identifier parameter is passed in the luntrn field.

Clear Task Set

Service Response = CLEAR TASK SET ( Destination ID, LUN ||)

The SSA-S2P protocol will construct a CLEAR QUEUE SMS into a data structure entitled sms structure as follows:

The ulp code and sms code fields are set to 82h and 32h respectively.

The tag field is set to 00h.

The initiator id field is set to the Initiator ID parameter from the invocation of the GET INITIATOR ID (Source ID || Initiator ID, Return Code), where the Source parameter is the initiator’s Unique ID.

The luntrn field  is set to the LUN parameter.

Target Reset

Service Response = TARGET RESET ( Destination ID ||)

The SSA-S2P protocol will construct a TARGET RESET SMS into a data structure entitled sms structure as follows:

The ulp code and sms code fields are set to 82h and 33h respectively.

The tag field is set to 00h.

The initiator id field is set to the Initiator ID parameter from the invocation of the GET INITIATOR ID (Source ID || Initiator ID, Return Code), where the Source parameter is the initiator’s Unique ID.

Terminate Task

Service Response = TERMINATE TASK ( Destination ID, LUN, Tag ||)

The terminate Task protocol service is optional in SAM and is not supported in SSA-S2P.  The Service Response is always unconditionally returned as FUNCTION REJECTED.

Task Management Protocol Services

Send Task Management Request

Send Task Management Request (Object Address, Function Identifier ||)

Upon receipt of the Send Task Management Request protocol service, the protocol layer will perform the actions defined in the appropriate Task Management Function section.

Task Management Request Received

Task Management Request Received (Object Address, Function Identifier ||)

Upon receipt of an SMS RECEIVED transport service, and the SMS is validated as a Task Management SMS, the protocol will generate a Task Management Request received protocol service with the appropriate parameters.

Task Management Function Executed 

Task Management Function Executed (Object Address, Service Response ||)

Upon receipt of a Task Management Function Executed protocol service, the protocol layer will construct a partial SCSI RESPONSE SMS and will instruct the transport layer to transmit it.

The SSA-S2P protocol will construct a SCSI Response SMS into a data structure entitled sms structure as follows.

The ulp code and sms code fields are set to 82h and 03h respectively.

The tag field is set to 00h.

The return code field shall be set to value based on the value of Service Response as shown in � REF _Ref325439433 \* MERGEFORMAT �Table 7�.

Table � SEQ Table \* ARABIC �7� - return code field value based on Service Response

Service Response parameter value�return code field value��FUNCTION REJECTED�INVALID PARAMETER��FUNCTION COMPLETE�FUNCTION SUCCESSFUL��SERVICE DELIVERY OR TARGET FAILURE�FUNCTION FAILED��

The SSA-S2P protocol will then invoke the transport layer service of SEND SMS as follows.

SEND SMS (Control, Destination ID, Buffer Address, Length || Return Code)

The control field is always 00h.

The Destination ID parameter is the Destination ID parameter of the Task Function.

The Buffer Address parameter is the location of the sms structure data structure.

The Length parameter is the length of the sms structure data structure.

Received Function-Executed

Received Function-Executed (Object Address, Service Response ||)

Upon receipt of an SMS RECEIVED transport service, and the SMS is validated as a SCSI RESPONSE SMS, the protocol will generate a Received Function Executed protocol service with the appropriate parameters.  The return code field maps into the Service Response parameter as defined in � REF _Ref325439433 \* MERGEFORMAT �Table 7�.

�Transport Service handling

This section describes how the protocol layer handles Transport Services.  Refer to the SSA-TL1 specification for more information on the transport layer services. 

Transport Services invoked by the Transport Layer

The following sections describe those Transport Services that are invoked by the Transport Layer, and describe the responsibilities of the protocol layer.

SMS RECEIVED

When an SMS RECEIVED transport service is invoked, the protocol performs the SMS Validation process as defined in 7.2.  If the SMS is valid, it is processed as defined in the sections shown in � REF _Ref327680522 \* MERGEFORMAT �Table 8�.

Table � SEQ Table \* ARABIC �8� - SMS Processing section references

SMS Received�Section Number�Section Name��SCSI RESPONSE�� REF _Ref327679976 \n �5.7.4��� REF _Ref327680714 \* MERGEFORMAT �Received Function-Executed���SCSI COMMAND�� REF _Ref327680069 \n �5.4.2��� REF _Ref327680040 \* MERGEFORMAT �SCSI Command received protocol service indication���SCSI STATUS�� REF _Ref327680100 \n �5.4.4��� REF _Ref327680089 \* MERGEFORMAT �Command Complete Received protocol service confirmation���ABORT TAG�� REF _Ref327680128 \n �5.6.1��� REF _Ref327680120 \* MERGEFORMAT �Abort Task���ABORT�� REF _Ref327680151 \n �5.6.2��� REF _Ref327680143 \* MERGEFORMAT �Abort Task Set���CLEAR QUEUE�� REF _Ref327680176 \n �5.6.4��� REF _Ref327680166 \* MERGEFORMAT �Clear Task Set���DEVICE RESET�� REF _Ref327692674 \n �5.6.5��� REF _Ref327692688 \* MERGEFORMAT �Target Reset���CLEAR ACA�� REF _Ref327680230 \n �5.6.3��� REF _Ref327680222 \* MERGEFORMAT �Clear ACA���

INITIATOR READ

When the initiator transport layer receives a DATA READY SMS, it invokes the INITIATOR READ transport service.  This will cause the Initiator protocol layer to perform the following actions.

INITIATOR READ (Tag, Byte Offset, Byte Count || Initiator ID, Buffer Address, Start Count, Threshold Count, Return Code)

If the Command Byte Count or Buffer Address entries referenced by the Tag parameter in the outstanding commands data structure are null, then return FUNCTION FAILED in the Return Code parameter.

If the Byte Offset plus the Byte Count exceeds the Command Byte Count entry referenced by the Tag parameter in the outstanding commands data structure, then return FUNCTION FAILED in the Return Code parameter.

If neither of the conditions in a) nor b) occurred, then set up the data transfer to begin at the location pointed to by the Buffer Address entry in the outstanding commands data structure plus the Byte Offset parameter.  The length of the transfer shall be the Byte Count parameter.

The Protocol layer returns the Initiator Read Buffer Address parameter from the Data-In Buffer Address parameter of the appropriate entry in the outstanding commands data structure.

The use of the Start Length and Threshold Length parameters are implementation dependent.  These parameters can be used when the initiator does not have Byte Count worth of buffer space at the time of receipt of this service (but it does have Start Count), and will use the transport layer to throttle the data transfer.  Refer to the Initiator Read service in the SSA-TL1 specification for more information on this function.

READ DATA COMPLETED

The receipt of a READ DATA COMPLETED transport service results in the generation of a Data Delivered protocol service confirmation (See � REF _Ref327692814 \n �5.5.2�).

INITIATOR WRITE

The invocation of the Target Write transport service will cause the Initiator protocol to receive an Initiator Write transport service request.  This will cause the Initiator protocol to perform the following functions.

Initiator Write (Tag, Byte Offset, Byte Count ||Initiator Write Buffer Address, Return Code)

If the Command Byte Count or Buffer Address entries referenced by the Tag parameter in the outstanding commands data structure are null, then return FUNCTION FAILED in the Return Code parameter.

If the Byte Offset plus the Byte Count exceeds the Command Byte Count entry referenced by the Tag parameter in the outstanding commands data structure, then return FUNCTION FAILED in the Return Code parameter.

The Protocol layer returns the Initiator Write Buffer Address parameter from the Data-Out Buffer Address parameter of the appropriate entry in the outstanding commands data structure.

If neither of the conditions in a) nor b) occurred, then set up the data transfer to begin at the location pointed to by the Initiator Write Buffer Address plus the Byte Offset parameter.  The length of the transfer shall be the Byte Count parameter.

WRITE DATA COMPLETED

The receipt of a WRITE DATA COMPLETED transport service results in the generation of a Data-Out Received protocol service confirmation (See � REF _Ref327692932 \n �5.5.4�).

QUIESCE

The receipt of a Quiesce transport service request causes the following actions to occur.

QUIESCE ( Source ID || Return Code )

Generate a Abort Task protocol service request for all Logical Units supported by the Target.

If any Service Response was SERVICE DELIVERY OR TARGET FAILURE, then return a FUNCTION FAILED Return Code value, otherwise return a FUNCTION SUCCESSFUL Return Code value. 

Transport Services invoked by the Protocol Layer

GET INITIATOR ID

The GET INITIATOR ID transport service is used during the construction of SMS data structures to map a Source ID to an Initiator ID.

GET UNIQUE ID

The GET UNIQUE ID transport service is used to map the Initiator ID in a received SMS to a Source ID.

SEND SMS

The SEND SMS is used to send SMS data structures.

TARGET READ

The TARGET READ transport service is used to initiate read data transfers initiated by the Send Data-In protocol service request.

TARGET FAST READ

The TARGET FAST READ is only used by those implementations that support it (See � REF _Ref327693703 \n �5.1.6�).

TARGET WRITE

The TARGET WRITE transport service is used to request write data transfers by the Receive Data-Out protocol service request.
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