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4-6-88
1. Should we allow partitions to be added to a partitioned device without 

     

     forcing formatting of the entire device? (Issue for drivers)



2. How about installing SCSI devices as they come on-line.  In other words



     issuing Post_Driver_Install calls for SCSI devices which are powered on



     after the system is running.

4-13-88
1. A mechanism to notify the SCSI Manager that the calls issued are I/O (read/write)



    calls from or to a block device.  This is required if the SCSI Manager will provide



    Caching support for blocks on the device.(Answer: Driver does Cache support)

Introduction

SCSI (Small Computers Systems Interface) is a communications protocol standard which defines the interaction between peripheral devices and computer systems over a common data bus.  It specifies rules for the arbitration, selection and data transfer between an initiator and a target device.  The standard also defines error reporting mechanisms, hardware and cabling requirements between initiator and target devices 


Due to the general nature of the SCSI standard it permits a wide range of devices to be connected on the SCSI data bus.  SCSI supports block storage devices such as hard disks CD roms and tape drives. It also supports character devices like printers and scanners.


The remainder of this document deals with the SCSI Manager implementation for the Apple // family of products running under GS/OS.

Current Apple // SCSI implementation.


The current SCSI implementation was designed two years ago for the ProDOS 8 (ProDOS 16 is the same as ProDOS 8 for this discussion since it makes ProDOS 8 calls) operating system.  ProDOS 8 is an efficient operating system written for the IIe and IIc computers.   ProDOS 8 and the ProDOS calls to peripheral cards were sufficient for the early 1980's but not for the late 1980's and early 1990's.  GS/OS is the operating system for the IIgs and for the Apple II line in the 1990's.  GS/OS is a high performance operating system.  As such it has more efficient and better ways to deal with peripheral cards than the ProDOS interface.  The SCSI card / SCSI card firmware was designed for the old operating system.  The code is not sufficient for the new high performance operating system GS/OS.

Limitations of current Apple IIGS SCSI implementation.


- ProDOS file limitation of 16 megabytes maximum.


- ProDOS volume size limitation of 32 megabytes maximum.


- 32 megabyte volume size limitation forces very large hard disks to be


   into multiple 32 megabyte volumes.


- No consistent communication interface, ie; ProDOS and SmartPort entry points.


- Double buffering of data through bank $00.


- Lack of interrupt support will not permit issuing Asynchronous SCSI calls.


- No consistent mechanism for issuing SCSI device specific calls.


- Firmware forced to run at slow system speed because it resides in slow side


   of the system.

Enhancements in GS/OS SCSI Manager.


- One consistent communication interface between drivers and the hardware.


- Isolation of hardware from the operating system (access through drivers only)


  The operating system does not access hardware directly.


- No double buffering of the data


- Support for current Apple II SCSI card. (Without IRQ or DMA support).


- Interrupt support in systems with built NCR 5380.


- DMA support to 1 megabyte/sec or greater.


- SCSI Manager able to run at full system speed except when accessing I/O soft


  switches.

GS/OS based SCSI Supervisor Driver. (SCSI Manager)


The SCSI manager will control all accesses through the NCR 5380 SCSI controller chip.  It will be responsible for arbitration of hardware resources and manage access to partitions on specific SCSI devices.  The manager will run on the IIGS with a minimum of 512 K of system memory.  Application programs will call device drivers which in turn call the SCSI Manager.  This way the SCSI Manager level can change in the future without affecting applications or device drivers and the drivers will be hardware independent.


The current SCSI card does not support interrupts or DMA.  Future versions of the SCSI manager will support interrupts and DMA transfers in systems which can allow them.

SCSI  Manager Architecture


The SCSI manager controls all communications on the SCSI bus and manages the arbitration between drivers and SCSI peripherals.  The following diagram shows the position for the SCSI Manager relative to drivers in the GS/OS scheme of things.  It also gives a breakdown of possible SCSI devices.


The SCSI Manager knows about SCSI peripheral cards,  physical SCSI devices and logical SCSI devices only.  It does not know anything about partitions.  In order to access a partition on a physical SCSI block device or a Logical SCSI block device, the driver must set the block number such that it points to a block within a specific partition. (translate logical block number to physical block numbers).
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Figure 1-1
The SCSI manager supports the current Apple // SCSI card.  There can be seven cards plugged into a system and each card can support seven devices.  Although the SCSI Manager does not know about partitions, room has been reserved in the device id field to allow device drivers to  access a maximum of 64 partitions. Therefore even though there are only seven possible SCSI target devices on the SCSI bus, there can be many more available through multiple cards and partitions.  Refer to Figure 1-1 for a pictorial representation of possible devices the SCSI manager supports.   It will send commands and data to SCSI devices in pseudo DMA mode or hardware DMA mode depending on the type of card. The following list contains the major areas the SCSI Manager will control.


- Hardware resources management.



1. Support startup and shutdown as defined by the Supervisor Dispatcher.



2. Support call interface between SCSI drivers and the SCSI manager.



3. Built-in NCR 5380 support.



4. Support for current SCSI card implementation.



5. Low level phase support to access the SCSI bus, select a target, transfer 

     

    data to and from the device.




a. Bus free Phase




b. Arbitration Phase




c. Selection Phase




d. Reselection Phase




e. Command Phase




f. Data Phase.




g. Status Phase




h. Message Phase




I. SCSI bus reset

SCSI Data Model


Besides the required calls for Supervisory drivers there is one call to access SCSI target devices.  The SCSI I/O call handles all communication between initiators and targets.  Device drivers make the I/O call with a set parameter list and the SCSI Manager will manage the communication between the system and the target.  The parameter list has the following format:
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SCSI Device ID:


This long word wide field contains the ID given devices by the SCSI Manager.  The ID is defined by the SCSI Manager for physical SCSI devices and logical units within SCSI devices.  The Driver Defined ID Extension is used by block device drivers to differentiate partitions on block devices.  The Driver Defined ID extension is set to zero and should not be modified by the driver unless the physical or logical device contains partitions on it.  If the device contains partitions, the Driver defined ID extension must be unique for each partition on that device.  When a call is made to the SCSI Manager the driver must set bits A-F to zero.
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Call Attributes:

This field is a bit encoded word describing how the I/O call is to be handled.  Refer to the I/O call for a description of the bits.

Version:


This field contains a version word defining the type of parameter block.  This version field 
must be set to zero.

Call Time-out:

This field contains the number of 1/4 second tics which must expire before the I/O call issued is aborted.  If the call does not complete within this specified time and error will be returned to the driver.

Completion Vector:

When a call completes, the SCSI Manager will call the driver through this vector to notify completion of a call.

SCSI Cmd. Ptr:

This field points to a single or multiple SCSI command packets.  Each packet can be six, ten or twelve bytes in size.  The Data contained in the command packet is structured exactly as described by the SCSI Spec with all fields containing data in the format expected by the target device.

Buffer Structure pointer:

This long pointer contains the address of a list of data chaining instructions.  Refer to the Data Chaining section for a detailed description.

DATA Chaining:


Data Chaining is a mechanism which allows the specification of multiple source or destination buffers without the need to have one entry for each buffer address.  There is a maximum of 32 data chaining instructions for any call issued to the SCSI Manager.  The format of data chaining instructions is as follows:
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The Opcode field defines the type of instruction.  There are three data chaining instructions defined.

1. DCMOVE :=
Any value other than zero or negative one.


This instruction is any value which is not a DCLOOP instruction or a DCSTOP instruction.  The long word value in the opcode field will be treated as a buffer address.  Bits 24-31 of the buffer address will be ignored and should be set to zero.

2. DCLOOP :=
-1. ($FFFFFFFF)


This instruction passes control to another data chaining instruction.

3. DCSTOP :=
0. ($00000000)


This instruction tells the SCSI Manager that there are no more data chaining instructions to execute.

4. DCSPECIAL := If the Count field in the DCSTOP instruction is nonzero this field contains an address through which the Manager passes control to notify the driver that the manager has reached this instruction.  The Offset field of the DCSPECIAL instruction can be set to any value the caller chooses to identify which DCSPECIAL instruction is currently running.


WARNING:  The driver must return back to the Manager with the system environment set exactly as it was when the Manager passed control to the driver.

The Count field defines the number of bytes to transfer if the data chaining instruction is a DCMOVE instruction.  If the instruction is a DCLOOP then it defines the number of times this loop instruction will be executed.  If the opcode is a DCSTOP then the Count field must be set to zero.  The instruction will be a DCSpecial if the Opcode field is a zero and the Count field is nonzero.  In this case the count field becomes an address through which control is passed to the driver when the manager encounters a DCSPECIAL instruction.  

The Offset field  contains the value to add to the buffer address if the instruction is a DCMOVE instruction.  If the opcode is a DCLOOP, the Offset defines the relative offset from the current data chaining instruction number to branch to.  If the opcode is a DCSTOP the Offset must be set to zero.

The Save pointer field is reserved for use by  the SCSI Manager.  It should be set to zero by the caller.  The field will contain the current buffer address after a Save pointers message is received from a target device.

Table summary of data chaining instructions:
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The following example reads 16 groups of $800 bytes each and stores them in buffers which have starting addresses $3000 bytes apart from each other, starting at buffer address $2000.
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SCSI Manager Calls


The SCSI Manager will support calls as defined by the Supervisor dispatcher ERS.  Refer to the Supervisor Drivers section in the GS/OS Device Drivers ERS for a detailed description of Supervisor Drivers and calling procedure.

The calls defined for GS/OS are defined as follows:


- Supervisor Driver Startup (SCSI Manager Startup call made by Supervisor Dispatcher)


- Supervisors Driver Shutdown. (SCSI Manager Shutdown call made by Supervisor Dispatcher)


- Supervisor Driver Specific Calls. (SCSI Manager calls made by device driver) 



1. Get number of devices.



2. Claim number of devices.



3. SCSI I/O call. (generic call for reading or writing to SCSI devices)


When a call is made by a driver, control is passed to the SCSI Manager through a vector defined by GS/OS.  When control is returned to the driver at the end of the call, the Accumulator will contain $0000 or an error code which the driver must interpret and translate into GS/OS valid error codes.  If an error is returned the carry bit will be set otherwise it must be cleared.


In the case of Startup and Shutdown, the error code in the accumulator is not required, only the carry bit set or cleared will be checked by the Supervisor dispatcher.

SCSI Manager Startup
Call $0000


This call will initialize the SCSI Manager.  It allocates memory from the Memory Manager for internal use, checks to see how many devices are on-line and builds its devices list.  This call is made by the Supervisor Dispatcher to each supervisor driver loaded.  This call can NOT be made by Device drivers.  The Parameter list for this call follows:

Call Input Parameters:
A Reg:
SCSI Manager ID
≠ $0000


X Reg:
SCSI Manager Startup Call #
= $0000


DirectPage:
GS/OS Direct Page

Call Output Parameters:
A Reg:
Error Code

Supervisor Driver Number:
Word parameter for the Supervisor Driver number to be started.

 SCSI Manager Call #:
This word parameter specifies which type of call is to be issued to the supervisory driver.

GS/OS Direct Page:
Refer to the GS/OS memory map for a detailed definition of the contents of this page.  Locations $78-$7B within the page point to the SCSI Manager SIB pointer.


Error code:



$FE07 = Unable to allocate SCSI Manager internal resources



$FE0B = General SCSI Manager Startup error (Manager gets  purged)



$FE0E = SCSI Manager IRQ handler install error



$FE12 = Unable to find DIB for boot slot.

SCSI Manager Shutdown
Call $0001


This call will be made to release all resources used by the SCSI Manager.  This call will be made by the Supervisor Dispatcher after all SCSI drivers have been shutdown.

Call Input Parameters:
A Reg:
Supervisor Driver Number
≠ $0000


X Reg:
Supervisor Call Number
= $0001


DirectPage:
GS/OS Direct Page

Call Output Parameters:
A Reg:
Error Code

Supervisor Call Number:
This word parameter specifies which type of call is to be issued to the supervisory driver.

Supervisor Driver Number:
This word parameter specifies which supervisory driver is to be shutdown.

GS/OS Direct Page:
Refer to the GS/OS memory map for a detailed definition of the contents of this page.  Locations $78-$7B within the page point to the SCSI Manager SIB pointer.



Error code:


$FE09 = Unable to shutdown SCSI manager

Request SCSI Devices
 Call $0002

This call returns the number of devices the SCSI Manager found on-line during the SCSI Manager startup for a specific SCSI Peripheral device type.  The SCSI peripheral device type is defined below under SCSI Device Type.


The caller must provide a buffer of $0704 bytes in size.  This buffer size assumes a worst case device allocation of eight APPLE SCSI peripheral cards with seven physical SCSI devices on each card with eight logical devices for each physical device.


The information returned to the caller will be made up of one word defining a scratch zero page which the driver can use during the call, one word defining the number of devices found which match the requested device type, one word defining the logical unit number of the target and the slot number, and a one word of ID defined by the SCSI Manager.  The ID numbers defined by the SCSI Manager will range between $0001 and $01C0.  The slot number is to be inserted in the DIB.  The LU# is to be inserted in the command packet by the driver.

Call Input Parameters:
A Reg:
ID for SCSI Manager
≠ $0000


X Reg:
Get SCSI Devices Call
= $0002


DirectPage:
GS/OS Direct Page

GS/OS Direct Page Contents:


Offset
Parameter type
Size

$74
SCSI Manager SIB ptr.
Long


$78
Parameter list pointer
Long

Parameter List:


Offset
Parameter type
Size
Comments


$0000
SCSI Device type
Word
SCSI standard peripheral device type


$0002
InterComm vector
Long
Vector used for SCSI man to notify





drivers of environment changes.


$0006
Destination Buffer ptr.
Long
Buffer must be $0704 bytes long.

SCSI Device Type:

The SCSI device type is defined by the SCSI standard.  It is a one byte code defining SCSI devices.
Bits 0-7 define the device type as specified in the SCSI standard


$00
Direct Access device (Magnetic disk)


$01
Sequential access device (magnetic tape)


$02
Printer device


$03
Processor device


$04
Write-once read-multiple device (e.g., some optical disks)


$05
Read-only direct-access device (e.g., some optical disks)


$06
Scanner Device (Defined in SCSI 2 Standard working draft)


$07
Optical Memory Devices


$08
Changer devices (e.g. Jukeboxes)


$09
Communications Devices


$0A-$0F Reserved


$10
Apple Tape Drive (3M MCD/40)


$11-$1D Reserved


$1E
Target Device


$1F
Unknown Device type




1. Check for LU 0 by issuing an Inquiry call to LU 0.




2. Check for LU 7 by issuing an Inquiry call to LU 7.




3. Compare the data from step 1 and 2




4. If the Inquiry data matches, keep LU 0, ignore LU 7 and do not scan




    for any other logical units under this SCSI Device.




5. If the data does not match then scan LU 1 through LU 6 comparing the




    Inquiry data looking for a match.  Any time the data from two Inquiry




    calls matches keep the lower LU and do not scan for any other LUs in




    that SCSI Device ID.




If any bit positions are set to one, only Logical units with corresponding bits set




to one will be checked.

InterComm Vector:

This long word field contains the address of the routine the SCSI Manager will pass control to.  The structure of the data passed by the manager and what that data means has not yet been defined.  Until further notice this field is considered reserved, with no action being taken when non-zero.

Destination Buffer Pointer:

This long word field contains the pointer to a $704 byte buffer which will contain the list of devices requested.

Call Output Parameters:
Registers:
A Reg
Error Code

Destination Buffer:


Offset
Parameter type
Size
Comments


$0000
Zero page address
Word
Start of zero page usable by scsi drivers


$0002
Total Device Count
Word
# devices matching SCSI device type requested


$0004
Device ID
Long
Bits 0-3 of low word contain Slot # 0-F device 





belongs to.






Slots 0-7 are internal slots






Slots 8-F are external slots





High word contains the unit number assigned to





the device by the Manager.  Note the Device ID





matches the slot and unit number definition for





DIBs.


  ...
  ...............
  ...


Entry with offset $0004 will be repeated the number of times defined by field $0002 (Total Device count).

Zero Page Address:


This field contains the address of a scratch zero page which can be used by device drivers calling the SCSI Manager.  This zero page is active only during the call and drivers should no count on data remaining valid between calls.

Total Device Count:


This  word field contains the number of target devices returned to the caller which match the specified device type.

DEVICE ID:


This field is assigned by the SCSI Manager to identify devices it finds on the SCSI bus.  The driver defined ID extension is provided for support of SCSI block devices with multiple partitions.  It is set to zero by the SCSI Manager and can be changed by SCSI block device drivers which support partitions to make each partition on a specific SCSI device unique.  The SCSI Device ID must be unique.  Multiple devices with the same SCSI Device ID are not allowed.  The first ID extension must be zero.
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Errors:



$FE01 = Invalid GS/OS SCSI device Type

Claim SCSI Devices
 Call $0003


This call  tells the SCSI Manager which devices in the list returned by the request call are being claimed by a driver. The parameter list for this call is identical to the parameter list for the Request Devices call.  The buffer pointer will point to a buffer which contains the identical list returned from the Request Devices call with the exception of the high order bit of the Device ID.  For each device being claimed by the driver, the high order bit of the Device ID must be set by the driver to indicate the device(s) being claimed.  If the bit is zero then that device can be claimed by another driver.  Devices handed to drivers by the Request devices call must be claimed by the driver if the driver wants to access the device.  If the driver does not claim the device and accesses it there may be a conflict with multiple drivers trying to access the same device and very unpredictable results may occur.  The only way to guarantee that a driver has sole access to a device is to claim it.

Call Input Parameters:
A Reg:
ID for SCSI Manager
≠ $0000


X Reg:
Get SCSI Devices Call
= $0002


DirectPage:
GS/OS Direct Page

GS/OS Direct Page Contents:


Offset
Parameter type
Size

$74
SCSI Manager SIB ptr.
Long


$78
Parameter list pointer
Long

Parameter List:


Offset
Parameter type
Size
Comments


$0000
SCSI Device type
Word
SCSI standard peripheral device type


$0002
InterComm vector
Long
Vector used for SCSI man to notify





drivers of environment changes.


$0006
Claimed Device list ptr.
Long
Buffer must be $0704 bytes long.

Claimed Device List:

Offset
Parameter type
Size
Comments


$0000
Zero page address
Word
Start of zero page usable by scsi drivers


$0002
Total Device Count
Word
# devices matching SCSI device type requested


$0004
Device ID
Long
Bits 0-3 of low word contain Slot # 0-F device 





belongs to.






Slots 0-7 are internal slots






Slots 8-F are external slots





High word contains the unit number assigned to





the device by the Manager.  Note the Device ID





matches the slot and unit number definition for





DIBs.


  ...
  ...............
  ...


Entry with offset $0004 will be repeated the number of times defined by field $0002 (Total Device count).


Errors:



$FE03 = Device list contains an ID which is not found by the Manager.

SCSI I/O Call
Call $0004


This call will be issued to the scsi manager for all calls to access SCSI target devices.

Device Call Parameter list:


Offset
Parameter type
Size
Comments

$0000
SCSI Device ID
Long
SCSI device number


$0004
Pblock Version
Word
Parameter block version (must be $0000)


$0006
Call Attributes
Word
Disconnect enable & message direction indicators


$0008
Call Time-out
Word
Number of 1/4 sec intervals call must





complete within


$000A
Completion Vector
Long
Completion routine vector address


$000E
Ptr. to SCSI cmd
Long
Command list to be sent to a SCSI device


$0012
Ptr.to Buffer structure
Long
List of data chaining instructions


$0016
Req/Xfer byte count
Long
On Entry contains number of bytes sought





On Exit contains number of bytes transferred


$001A
AutoSense buffer Ptr.
Long
Pointer to AutoSense buffer


$001E
Reserved
Long
Reserved for future expansion must be zero.


$0022
Reserved

      Long

Device ID:


A long word field identifying the device sought.  This is the ID given to the driver during


the Request_Devices call.
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Version:


Parameter block version number.  Must be set to $0000 for this version of the manager.

Call Attributes:
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Bit 15 = 1 allows tells SCSI Manager to allow target to



  disconnect if it chooses to do so during the call.



  If bit 15 = 0 then the SCSI Manager will not allow



  target to disconnect.
Call Time-out:


A word wide field defining the number of 1/4 second intervals the call must complete within.

Completion Vector:


The address of a routine that will be called via a JSL when a Async. SCSI command completes.  There can only be one completion routine pending for each SCSI device.   The Reselection interrupt comes into the SCSI Manager and it transfers control to the Completion routine address specified.  The Completion will perform the function it needs to perform and return to the SCSI Manager through an RTL in full native mode.

SCSI Cmd:


Offset
Parameter type
Size
Comments


$0000
SCSI command
6,10, or 12
Actual SCSI Command

Buffer structure (Maximum of 32 Data chaining instructions)


Offset
Parameter type
Size
Comments


$0000
Data Chain Instruction
16 Bytes  (See  DATA Chaining Section)


$0010
Data Chain Instruction
16 Bytes


   ...
         ....


$00XX
DCSTOP
16 Bytes 

Req/Xfer byte count:


This field contains the number of bytes requested in the call and will contain the number of 
bytes actually transferred on exit from the call.

AutoSense Buffer Pointer


Offset
Parameter type
Size
Comments


$0000
AutoSense Pointer
     Long     Pointer to AutoSense buffer.  Must be at least 








      256 bytes in size.

If the pointer = $00000000 then AutoSensing is disabled.

If the pointer is nonzero the SCSI Manager will issue a Request Sense call to the target and

return the Sense data in the buffer when the call issued fails.  The Request Sense buffer must be a minimum of one page in size.  If the Request sense call fails then the error code will be in the range of $FE80-$FEFF.  The low byte of the error code will contain the value of the SCSI status byte returned by the target device when the call failed which forced the Request Sense call to be issued.



Errors: 



$FE02 = SCSI Check Condition from SCSI Device



$FE03 = Device ID not found



$FE05 = Parameter list



$FE08 = Device already busy.





$FE11 = Call Timeout





$FE80-$FEFF = Request Sense failed

SCSI Manager Error Codes


This call will be issued to the scsi manager for all calls to access SCSI target devices.

$0000
=
No Error

$FE00
=
Generic scsi manager error

$FE01
=
Invalid SCSI device type

$FE02
=
Check condition

$FE03
=
Invalid SCSI device ID

$FE04
=
Condition met good

$FE05
=
Invalid SCSI Mgr. parameter block

$FE06
=
Invalid buffer size

$FE07
=
Unable to allocate mgr. resources

$FE08
=
Target busy

$FE09
=
Unable to shutdown scsi manager

$FE0A
=
Scsi manager command out or range

$FE0B
=
Scsi manager already started error

$FE0C
=
SCSI Manager not started error

$FE0D
=
No scsi cards foun

$FE0E
=
Unable to install scsi irq handler

$FE0F
=
Unable to unbind scsi irq handler

$FE10
=
Intermediate status good (linked cmds)

$FE11
=
Call timeout error

$FE12
=
Get_dib_ptr call failed

$FE13
=
General scsi bus error

$FE14
=
Bus freee phase error

$FE15
=
Bus arbitration error

$FE16
=
Select phase error

$FE17
=
Intermediate/condition met/good

$FE18
=
Command phase error

$FE19
=
Data phase error

$FE1A
=
Message phase error

$FE1B
=
Reservation conflict

$FE1C
=
Status phase error

$FE1D
=
SCSI bus reset error

$FE1E
=
General scsi hardware error

$FE1F
=
No SCSI signatured hardware found

$FE20
=
Invalid SCSI interrupt generated

$FE21
=
Seq opcode routine should not have gone to bcs handler

$FE22
=
Invalid phase pattern

$FE23
=
SCSI Manager busy error

$FE24
=
Autosense call failed


