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A.2 Parallel to SSA SCSI Message Conversion Discussion

The following sections give a very brief description of how to map each SCSI-2 message into an SSA-SCSI
message.

A.2.1 (00h) Command Complete

Command Complete maps to the SSA Message “SCSI_status” with the status byte residing in byte 4, the
Link bit = 0, and the Flag bit = 0.

A.2.2 (01h, 00h) Modify Data Pointer

The Modify Data Pointer message maps to the SSA messages of Data_Ready and Data_Request.

A.2.3 (01h, 01h) Synchronous Data Transfer Request

N/A since SSA is a packet interleaved serial bus that always transfers at a fixed speed.

A.2.4 (01h, 02h) Extended Identify (SCSI-1)

N/A since Extended Identify was a SCSI-1 concept and is not supported in SCSI-2, SCSI-3 or SSA.

A.2.5 (01h, 03h) Wide Data Transfer Request

N/A since SSA is a serial interface, and does not operate in a “wide” mode.

A.2.6 (02h) Save Data Pointer

N/A since a packetized protocol does an implicit disconnect after every packet.

A.2.7 (03h) Restore Data Pointer

N/A since a packetized protocol does an implicit disconnect after every packet.

A.2.8 (04h) Disconnect

N/A since a packetized protocol does an implicit disconnect after every packet.

A.2.9 (05h) Initiator Detected Error

N/A as frame rejects are handled in the physical layer of SSA. The level of reset will depend on the Initi-
ator’s error recovery procedure.

A.2.10 (06h) Abort

This messages maps directly to the SSA message “Abort”.

A.2.11 (07h) Message Reject

N/A as frame rejects are handled in the physical layer of SSA.
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A.2.12 (08h) No Operation

N/A for SSA. When an node does not need to send any information, flag characters as sent over the 55A
cable.

A.2.13 (09h) Message Parity Error

N/A as frame CRC checks are handled in the physical layer of SSA.

A.2.14 (0Ah) Linked Command Complete

Linked Command Complete maps into the SSA message “SCSI_Status” with with the status byte residing in
byte 4, the Link bit = 1, and the Flag bit = 0.

A.2.15 (0Bh) Linked Command Complete with Flag

Linked Command Complete With Flag maps into the SSA message “SCSI_Status” with with the status byte
residing in byte 4, the Link bit = 1, and the Flag bit = 1.

A.2.16 (0Ch) Bus Device Reset

Bus Device Reset maps to the SSA message "Reset”.

A.2.17 (0Dh) Abort Tag

Abort Tag maps to the SSA message "Abort_tag”.

A.2.18 (OEh) Clear Queue

Clear Queue maps to the SSA message “Clear_queue”.

A.2.19 (OFh) Initiate Recovery

N/A since SSA does not support Extended Contingent Allegiance.

A.2.20 (10h) Release Recovery

N/A since SSA does not support Extended Contingent Allegiance.

A.2.21 (11h) Terminate 1/O Process

N/A since SSA does not support the Terminate I/O process message.

A.2.22 (16h) Clear ACA Condition (SCSI-3)

The Clear ACA Condition SCSI-3 message maps to the SSA message Clear ACA_condition.

A.2.23 (20h, xxh) Simple Queue Tag

Simple Queue Tag maps to the SSA message “SCSI_command” with a Queue_type field = 11b (Simple) and
the queue tag value in byte 3.
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A.2.24 (21h, xxh) Head of Queue Tag

Head of Queue Tag maps to the SSA message “SCSI_command” with a Queue_type field = 01b (Head) and
the queue tag value in byte 3.

A.2.25 (22h, xxh) Ordered Queue Tag

Ordered Queue Tag maps to the SSA message “SCSI_command” with a Queue_type ficld = 10b (Ordered)
and the queue tag value in byte 3.

A.2.26 (24h, xxh) ACA Queue Tag (SCSI-3)

ACA Queue Tag maps to the SSA message "SCSI_command” with a Queue_type ficld = 00b (ACA) and
the queue tag value in byte 3.

A.2.27 (23h, xxh) Ignore Wide Residue

N/A as a set of data frames can be any number of bytes, and the concept of ignoring data with a grosser
granularity of one byte does not apply.

A.2.28 (80h-FFh) Identify

The Identify message maps to the SSA message “SCSI_command” with the LUN value indicated in byte 1.
The bit indicating the privilege of disconnection is not applicable in a packetized interface where each frame
has an implicit disconnect.
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Appendix B. Performance Analysis

B.1 Performance Analysis Summary

Note: This appendix refers to the maximum throughput performance of SSA-SCSI, and does not intend to
define the minimum latency performance of SSA-SCSI. The minimum latency of each node is 5 characters,
since the CRC must be updated before the frame can be forwarded.

The following section illustrates the Start I/O performance of a single SSA link. A Start I/O is defined as
everything needed to access data on the disk. The calculations show the maximum bandwidth of an SSA
link cable segment. Since a single DASD unit cannot maintain the Start I/O rates, it is assumes that enough
DASD are on the string to fully load the SSA Link cable segment. Error handling is not considered, but is
insignificant based on the projected error rates.

B.1.1 The assumptions

The following assumptions are made.

» 10 byte read or write SCSI CDB'’s are used (worst case)

« Read Data_Ready and Data_Reply messages are used (worst case)

= 2 byte addressing is used (best case).

« A single 512 byte or 4K record is transferred.

» Spindle Sync is used (worst case)

« Neither the Initiator nor the Target withhold RR to slow the data transfer (best case)

The last item in the list assumes that the Initiator and the Target are fast enough to avoid having to with-
hold RR and slow the data transfer. In many applications, dual buffers (A and B) would be sufficient. The
first frame will fill the A frame buffer. The second data frame to arrive begins to fill the B frame buffer. The
host or Target must be able to unload the A frame buffer, send RR, and have the upstream node process the
RR in time to avoid delaying the sending of the third frame. Slower devices may choose to implement triple
buffers (A/B/C) if high performance/throughput are critical. This is the best case, and some applications
may slow the SSA. However, this performance analysis does not include these delays (if any), since they are

application specific.

B.1.2 The resulis

Table 17. Start I/O rate at various R/W ratios and at 512 and 4K byte record
Read/Write Ratio 512 byte transfer 4,096 byte transfer
lto 1 60,238 8,728
2to0 1 48.978 6,699
Jto 1 44,196 5,992
4101 41,750 5,635

B.1.3 How to use this appendix
If you want to know the SSA performance figures, they are summarized on this page. If you want to re-

create the figures or to understand how they were derived, then the following sections define the how the
equations were derived, and what the calculations determined.
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B.2 The equations

B.2.1 Read table

Table 18. Read performance (in bytes)

Frame Type Frames RR or ACK
Toward Target From Target Toward Target From Target

SCSI_Command OVR + 26 --- --- 4
Data_Ready --- OVR + 12 4 -
Data_Reply OVR + 14 --- - 4
Data --- NF*(OVR +128) NF*4 ---
SCSI_Status --- OVR + 5 4 s
Note:

OVR is the frame overhead (8 to 12 depending on address)
NF is the number of 128 byte frames (for 512 NF=4, for 4K NF=32)
A 10 byte Read SCSI CDB is used (not 6 byte Read).

B.2.2 Read equations

B.2.2.1 Toward Target

The read equation toward the Target is ...

2*OVR + 40 + 4*NF + 8 = (2*OVR) + (4*NF) + 48
B.2.2.2 From Target

The read equation from the Target is ...

2*OVR + 17 + NF¥OVR+128) + 8 = 2*OVR + NF*(OVR+128) + 25
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Table 19. Wrile performance (in bytes)

OVR is the frame overhead (8 to 12 depending on address)
NF is the number of 128 byte frames (for 512 NF =4, for 4K NF = 32)
A 10 byte Write SCSI CDB is used (not 6 byte Write).

Frame Type Frames RR or ACK

Toward Target From Target Toward Target From Target
SCSI_Command OVR + 26 -—- - 4
Data_Request - OVR + 14 4 --
Data NF*(OVR + 128) - -- NF*4
SCSI_Status --- OVR + 5 4 -
Note:

B.2.4 Write equations

B.2.4.1 Toward Target

The write equation toward the Target is ...

OVR + 26 + NF*OVR+128) + 8 = NF*OVR+128) + OVR + 34

B.2.4.2 From Target

The write equation from the Target is ...

2#(OVR) + 19 +4*NF + 4 = (2*OVR) + (4*NF) + 23
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B.3 The start I/0 calculations

B.3.1 Bytes available

At 20 MB/sec full duplex, 20,000,000 byte times are available every second each direction. However, Spindle
Sync and the Fairness algorithm need to be considered.

B.3.1.1 Spindle Sync requirements

A DASD unit spinning at 5400 RPM (90 RPS) will generate 90 Spindle Sync pulses a second.

B.3.1.2 Fairness requirements

If we assume that the fairness quota is set to allow a single 4K start I/O to complete, then the quota will
allow the following to pass thru the link 2*OVR + NF(OVR+130) + 25 (See B.2.2, “Read equations” on
page 38). With an OVR =8 (2 byte address) and NF= 32 (4K record), then the quota will allow 2*8 +
32%(8+130) + 25 = 16 + 32*138 + 25 = 4457 bytes to pass the from Target direction.

If we assume 16 drives (an arbitrary number) on the loop, then the SAT character will pass every 16*4457
characters, and a SAT’ character will also pass. Therefore, every second 20,000,000/(16*4457) or 280 SAT

and SAT’ characters will occur every second.

Therefore, allowances should be made for 560 SAT or SAT’ characters.
B.3.1.3 Bytes available
This leaves the following bytes available to the link
20,000,000  Total bytes available
-90  Bytecs used by Spindle Sync
-560  Bytes used by the Fairness algorithm

19,999,350  Bytes available for Start 1/Os
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B.3.2 Start 1/0s rates

The following is a definition of the variables.

OVR  The frame overhead (=8 for 2 byte addresses, = 12 for 6 bytes addresscs (worst case)).
NF Number of 128 byte data frames per Start [/O (=4 for 512, =32 for 4K).
RSIO The Read Start I/O rate.
WSIO The Write Start 1/O rate.
RWR  The Read/Write ratio (1:1=1, 2:1=2, 3:1=13, etc.).
Using the following two equations...
1. (RSIO)(Read equation) + (WSIO)(Write Equation) = (Bytes available)
2. RSIO = WSIO * RWR

Which generates... (WSIO*RWR)(Read Equation) + (WSIO)(Write Equation) = (Bytes available)
Which simplifies to... RSIO = (Bytes available) / (RWR*(Read Equation) + (Write Equation))

B.3.21 Toward the Target

The equation can be simplified as follows...
« WSIO = 19,999,350 / ( RWR*((2*OVR)+ (4*NF)+48) + (NF*(OVR+128)+ OVR +34

For 512 byte records with OVR =8, the result is... WSIO = 19,999,350 / (RWR*(78) + 586)
For 4,096 byte records with OVR =8, the result is... WSIO = 19,999,350 / (RWR*(190) + 4394)

B.3.2.2 From the Target

The equation can be simplified as follows...
« WSIO = 19,999,350 / (RWR*(2*OVR + NF* OVR+128) + 25) + (2*OVR)+ (4*NF) + 23))

For 512 byte records with OVR =8, the result is... WSIO = 19,999,350 / (RWR*(585) + 55)
For 4,096 byte records with OVR =8, the result is... WSIO = 19,999,350 / (RWR*(4393) + 167)

B.3.3 Start I/0 rate summary

Table 20. Start 1/O rates summary.
Read/Write 512 byte transfer 4,096 byte transfer
Ratlo ‘Write Start 1fO Rate Total Start /O Write Start 1/O Rate Total Start 1/O
Toward Target From Target Bare Toward Target From Target Rate

ltol 30,119 31,248 60,238 4,362 4,385 8,724
2101 26,953 16,326 48,978 4,189 2,233 6,699
3ol 24,389 11,049 44,196 4,028 1,498 5,992
dio | 22,270 3,350 41,750 3,880 1,127 5,635

Note; OVR =8, NF=4or 32, RWR=1,23,0r4.

Note: Start 1/O rate is (RWR + 1)*Minimum of the toward and from Target values.
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Appendix C. SCSI Status

A SCSI Status Byte is sent to the Initiator in the SCSI_Status message at the termination of each SCSI
command unless the command is cleared by any of the following occurrences:

* Abort message

» Abort_tag message

* Clear_gueue message

* Device_reset message

= A Hard reset condition {(POR, Local Reset, Total Reset, and Absolute Reset).

The SCSI Status Byte is defined in Table 21.

Table 21. SCSI Status Byte

Byte BIT
7 6 5 4 3 2 1 0
Status Reserved =0 Status Code Rsvd

Table 22. Status Code Bit Definitions

Bits of Status Code

Status 7 6 5 4 3 2 1 0
Good R R 0 0 0 0 0 R
Check Condition R R 0 0 0 0 1 R
Condition Met R R 0 0 0 1 0 R
Busy R R 0 0 [ 0 0 R
Intermediate/ Good R R 0 1 0 0 0 R
Intermediate/ Condition Met R R 0 1 0 1 0 R
Reservation Conflict R R 0 I 1 0 0 R
Command Terminated (not used) R R 1 0 0 0 1 R
Queue Full R R 1 0 1 0 0 R
ACA Active R R 1 1 0 0 0 R

Note: All Reserved fields (R) are set to zero.

A description of the status represented by each Status Byte is given below:

00h Good status

This status indicates that the Target has successfully completed the SCSI command. For this status,
sense is not valid and the Sense key and the Sense code are set to zero.

02h Check Condition status

This status indicates that an error, exception, or abnormal condition has caused sense data to be set.
An Auto Contingent Allegiance condition exists for this Initiator. The Initiator should issue a Request
Sense command with an ACA Queue Type to obtain the sense data and determine the cause of the
Check Condition status.

04h Condition Met status

This status indicates that the requested operation is satisfied. For this status, sense is not valid and the
Sense key and the Sense code are set to zero.
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22h

28h

30h
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Busy status

This status indicates that the Drive is busy performing another operation for a different Initiator and is
unable to execute the command received from the currently connected Initiator. The recommended
recovery action is to issue the command again at a later time. For this status, sense is not valid and
the Sense key and the Sense code are set to zero.

Intermediate/Good status

This status indicates that the Target has successfully completed a linked command. This status is
returned for every command in a series of linked commands (except the last command) unless an error,
exception, or abnormal condition causes a Check Condition, Busy, or Reservation Conflict status to
be returned. If this status is not returned, the chain of linked commands is broken. For this status,
sense is not valid and the Sense key and the Sense code are set to zero.

Intermediate/Condition Met

This status is the combination of Condition Met and Intermediate/Good. For this status, sense is not
valid and the Sense key and the Sense code are set to zero.

Reservation Conflict status

This status will be returned whenever an Initiator attempts to access a Logical Unit or an extent within
that Logical Unit that is reserved with a conflicting reservation type for another SCSI device. The
recommended Initiator recovery action is to issue the command again at a later time. For this status,
sense is not valid and the Sense key and the Sense code are set to zero.

Command Terminated status
This status code is not used in SSA-SCSI.

Queue Full status

This status indicates that the Targets command queue is full. This status is returned when a
SCSI_Command message is received and there is no room on the command queue for an I/O process
from the issuing Initiator. For this status, sense is not valid and the Sense key and the Sense code are

set to zero.
ACA Active status

This status shall be returned when a Auto Contingent Allegiance condition cxists and an Initiator
issues a command while one or more of the following conditions are true:

1. There is another 1/O process with the ACA queue type; or
2. The Initiator issuing the command did not cause the ACA condition or;
3. The command did not have the ACA Queue type.

The ACA condition is not reset, the command did not execute (or even attempt to execute). Sense
data was not generated, nor was it set to zero.
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