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Model 6160/6161/6214 DG/Disk Storage 
Subsystem 

Introduction 
The 6160/6161 disk subsystem includes a maximum of two 
rack mounted, moving head disk drives, either 73 or 147 
Mbyte and a controller. The 6214 disk subsystem includes 
a maximum of two stand alone, moving head disk drives, 
each having a capacity of 600 Mbytes and a controller. The 
controller supports data transfers via the burst multiplexor 
channel (BMC) or the standard data channel (jumper 
selectable). The last track on the lower capacity drives 
(82210, 14658) and the last two tracks on the 600 Mbyte 
drive (84310, 15128/842 10, 15118) are used for diagnostics 
only, if data is stored on these tracks it will be destroyed 
when running diagnostics, the 6214 Disk Subsystem is 
supported on the BMC only. 

The disk storage unit has the following characteristics: 

73MB 6160 147MB 6161 600MB 6214 

Heads 5 (0-48) 10 (0-11 8) 40 (0-47 8) 

Cylinders 823 (0-14668) 823 (0-14668) 843 (0-15128) 

Sectors 35 (0-428) 35 (0-428) 35 (0-428) 

Bytes/track 17,920 17,920 17,920 

Bytes/cylinder 89,600 179,200 716,800 

Bytes/drive 73,740,800 147,481,600 602,112,000 

Each sector contains a 3-byte address header, a 512-byte 
data field and a 4-byte checkword. 

Data in each sector is transferred via the data channel or 
the burst multiplexor. The drives can transfer up to 64 
consecutive sectors (32,768 bytes) in a given cylinder in 
one operation. During data channel transfers, the hardware 
provides for alternate sectors to be transferred, thus match
ing disk transfer to CPU data channel operations. In the 
BMC mode of operation, maximum throughput is achieved 
by consecutive sector transfers. 

The burst multiplexor channel controller contains a 21-bit 
address register that specifies either physical or mapped 
addresses. Two buffers hold up to 256 words each to 
improve immunity to data late conditions. 
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Data integrity is enhanced by a powerful mechanism which 
detects and corrects most transcription errors. In addition, 
a Bad Sector flag is provided to prevent data transfers on 
sectors known to be faulty. Sectors are tested during a 
format operation and the bad sector bit is set in each sector 
which will not support error free data. Finally a special 
verify command can perform a read after write check. 

Program interrupt requests are initiated when command 
execution is completed. To provide a single interrupt on a 
seek/transfer string, drive attention program interrupts 
are blocked when a data transfer is pending or in progress. 

Controller Registers 
The controller contains a Read/Write Busy flag, and eight 
program accessible registers: 

Register name Number of bits 

Command and drive address 5 

Memory address 16 

Extended memory address 5 

Cylinder address 10 

SurfacE!, sector and count 16 

Error correction checkword 32 

Drive status 6 

Read/write status 14 

The memory address register is self-incrementing and 
contains the address of the next memory location for data 
transfer. The sector address and sector count registers 
increment after the address header check, and the head 
address register increments following a data transfer to or 
from the last sector on a track (Le., sector 3410 or 428), 

The status registers contain two Drive Attention flags, a 
Read/Write Done flag, 5 drive status flags and 11 error 
flags. The Read/Write Done flag (device Done flag) 
initiates a program interrupt request when it becomes 1. A 
Drive Attention flag initiates a program interrupt request 
when it becomes 1 if the Read/Write Busy flag (device 
Busy flag) is 0 (indicating that a read/write operation is 
not pending or in progress.) 
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.--------------PROGRAMMING SUMMARY-----------. 

Mnemonic 

Device code 

Priority mask bit 

Surfaces/unit 

T racks/ surface 

Diagnostic track 

Sectors/track 

DSKP 

27(Alt. 67) 

7 
5/10/40 

823 (0-822) 6160/6161 

843 (0-842) 6214 

1 (cyl 822) 6160/6161 

2 (cyl 841/842) 
35 

Bytes/sector 512 

Capacity / drive bytes 

73,740,800/147,481,600/602,112,000 

SPIECIFY COMMAND, DRIVE Ar·~D 
EX"fENDED ADDRESS (DOA) 

I COMMAND I 0 I DR I 
4 5 I 8 9 10 " 

EMA MSB's I 15 
SPIECIFY CYLINDER (DOC) 
CONTEXT: The previous DOA specified a seek operation. 

~ OF I 
~,1 2 3 

CYLINDER I,J 
SPI:CIFY EXTENDED, SECTOR AND 
C()UNT 1st (DOC) 
Context: The previous DOA specified a seek operation. 

SPI:CIFY HEAD, SECTOR AND 
CO~UNT 2nd (DOC) 
Context: The previous DOA did not specify a seek operation. 

RE,4D HEAD, SECTOR AND 
C()UNT (DIC) 

SPI:CIFY MEMORY ADRESS (008) 

I~;AI ~1~1 __ ~~~ __ ~M~E~M_O_~RY_A_D~D_R~ES_S~ __ ~~~~1~1~51 

S, C, P and IORST FUNCTIONS 

f=S Sets the Busy flag to 1. Sets the Done flag to O. 
Starts the following operations. READ, WRITE, 
FORMAT, READ BUFFERS, and VERIFY 

f = C Sets the Busy flag and Done flag to 0 and stops all 
data transfer operations 

DG-081Oti 

Figure 1 

Transfer rate 1,209,600 bytes/sec. 

Data channel latency 

BMC latency 

Extended addressing 

1,414 Msec. 

497.6Jlsec. 

BMC 21 bit physical or logical 
(mapped) addressing 

Seek time 
Min/ Avg/Max 1 Oms/30ms/55ms - 6160/6161 

1 Oms/25ms/50 ms- 6214 

Sector access time 

Avg/Max 

8.3ms/ 16. 7ms 

50 max 6160 

Bad Sector/Drive 100 max 6161 
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1000 max 6214 

READ MEMORY ADDRESS (DIA) 
Context: Alternate instruction mode 1 

MEMORY ADDRESS 

READ EXTENDED MEMORY 
ADDRESS 
Context: Alternate instruction mode 1 

(DI8) 

READ DRIVE STATUS (DIB) 

10 I, 12IR~YIB:YI51:;171819I,J 111:1~il,J '41~L~1 
READ DATA TRANSFER STATUS 

(DIA) 

READ FIRST ECC WORD (DIA) 
Context: Alternate instruction mode 2 

FIRST ECC WORD 

READ SECOND ECC WORD (018) 
Context: Alternate instruction mode 2 

SECOND ECC WORD 

f=P Starts the following operations. SEEK, 
RECALIBRA TE. (Does not affect the Busy flag or 
Done flag.) 

IORST Performs same operations as C. Also initiates a 
recalibrate operation on lowest numbered ready 
drive. Clears sector and head address. Stored 
command defaults to Read. 
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Instructions 
Twelve instructions program BMC or data channel for 
data transfers to and from the subsystem. The five data out 
instructions supply the controller with all the necessary 
information for any disc operation. The remaining 
instructions allow the program to determine, in detail, the 
state of the subsystem. 

The device flag commands operate on the controller as 
follows: 

f=S Sets the Busy flag to 1; sets the Done flag to O. 
(terminates any read/write operation in progress); 
sets all Read/Write error flags to O. Disables drive 
attention interrupts and starts read/write timeout. 
Starts read/write operation (read, write, format, 
verify, or read buffers). 

f=C Sets the Busy and Done flags to O. Terminates any 
read/write operation in progress; sets all 
Read/Write error flags to 0 and sets Drive Attention 
flags to 0; does not terminate any drive operation 
currently in progress. 

f=P Starts the drive operation (seek, or recalibrate); does 
not affect the Busy flag or Done flag. 

IORST Performs all operations listed under f=c and 
initiates a recalibrate operation on the lowest 
numbered ready drive. Clears the head address, 
sector address, sector count, and command register. 
The command register defaults to a READ. If a 
start pulse is issued after an IORST a read operation 
will read in the bootstrap. 

NOTE: Some of the following instructions can be 
executed properly only in a specific context. When 
this is so, the required context is indicated. 
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SPECIFY COMMAND, DRIVE AND 
EXTENDED ADDRESS 

DOA{j] ac,DSKP 

AC 

3 i 4 B i 9 

Loads bits 5-8 of the specified accumulator into the 
controller's command register, loads bit 10 of the specified 
accumulator into the controller's drive select register, and 
loads bits 10-15 of the specified accumulator into the 
extended memory address register. Sets the 
Done/ Attention flags selected by bits 1-2 of the specified 
accumulator to O. Clears the R/W Done flag as specified by 
bit O. After the data transfer, sets the controller's Busy and 
Done flags and initiates operations according to the 
function specified by F. The contents of the specified 
accumulator remain unchanged; its format is as follows: 

~~w CL SK 1)2
N I 3 i 4 I 5 COMMAND B I 9 I ~~ I" i EMA MSB·s i lsi 

Bits Name Contents or Function 

0 Clear R/W Clears the status register's read/write 
Done Done, (same as Read/Write Done flag). 

Clears all the Read/Write error flags, (DIA 
bits 6-15). 

1-2 Clear Seek Clears the Seek Done flags for drives 0-1 
Done (0-1) respectively. 

3-4 Not Used 

5-8 Command Specifies the command to be transmitted 
to the selected drive as follows: 

0000 Read 
0001 Recalibrate 
0010 Seek 
0011 Reserved 
0100 Reserved 
0101 Reserved 
0110 Reserved 
0111 Reserved 
1000 Reserved 
1001 Set alternate mode 1 
1010 Set alternate mode 2 
1011 No operation 
1100 Verify 
1101 Read buffers 
1110 Write 
1111 Format 

9 Must be 0 De-selects both drives if = 1 

10 Drive Specifies the drive (0-1) to be selected. 

11-15 Extended Specifies the MSB's of the extended 
Memory memory address, (BMC only) 
Address 



SPI:CIFY CYLINDER 

DC)C[f] ac,DSKP 
Context: The previous DOA specified a seek operation. 

AC 

3 ' 4 

Loads bits 6-15 of the specified accumulator into the 
controller's cylinder address register. Enables diagnostic 
mode if bit 0 is set, and diagnostic functions specified by 
bits 1-2. After the data transfer, sets the controller's Busy 
and Done flags and initiates operations according to the 
function specified by F. The contents of the specified 
accumulator remain unchanged; its format is as follows: 

~G I) lAG I 
MD FUNCTION 

1 2 3 

Bits 

0 

1-2 

3-5 

6-15 

CYLINDER 

Name Contents or Function 

Diag Mode Puts the controller into diagnostic mode 

diagnostic Specifies functions 0-3. 
function 

- Reserved for future use. 

Cylinder Specifies the desired cylinder 0-14668 for 
a seek operation. 
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SPECIFY EXTENDED SECTOR AND COUNT 
(FIRST DOC) 

DOC[f] aC,DSKP 
Context: The previous DOA did not specify a seek operation. 

NOTE: Be sure to issue this instruction before you 
issue the Specify Surface, Sector and Count instruction 
(DOC). 

AC 

3 ' 4 

Loads bit 4 of the specified accumulator into the controller's 
extended head address register and loads bit 5 of the 
specified accumulator into the controller's extended sector 
address register and loads bit 10 of the specified accumula
tor into the controller's extended sector count register. 
After the data transfer, sets the controller's Busy and Done 
flags according to the function specified by F. The contents 
of the specified accumulator remain unchanged; its format 
is as follows: 

lsi 

Bits Name Contents or Function 

0-3 ----- Reserved for future use. 

4 HD MSB Specifies MSB of Head. 

5 Sector Specifies the most significant bit of the 

Address MSB starting sector address for a read/write 
format or verify operation. 

6-9 ----- Reserved for future use. 

10 Sector Count Specifies the most significant bit of the 
MSB two's complement of the number of 

sectors to be transferred in one operation 
(maximum of 100s. 

11-15 ----- Reserved for future use. 
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SPECIFY HEAD, SECTOR AND COUNT 
(SECOND DOC) 

DOC[!] aC,DSKP 
Context: The previous DOA did not specify a seek operation, and 

the previous DOC specified extended sector and count information. 

1 ~ I' I' 1 AC 4 I' I' 1 0 1 F 9 1 ~ 1 ,', 1 ,~ 1 ,~ 1 ,~ 1 ,~ 1 

Loads bit 0 of the specified accumulator into the BMC map 
enable register, loads bits 1-5 of the specified accumulator 
into the controller's head address register, head MSB was 
loaded by first DOC, loads bits 6-10 of the specified 
accumulator into the controller's sector address register, 
and loads bits 11-15 of the specified accumulator into the 
controller's sector count register. After the data transfer, 
sets the controller's Busy and Done flags and initiates 
operations according to the function specified by F. The 
contents of the specified accumulator remain unchanged; 
its format is as follows: 

SECTOR ADDRESS SECTOR COUNT 

Bits Name Contents or Function 

0 MAP When 1, specifies BMC address mapping. 

1 Reserved. 

1-5 Head Address Selects the starting head (0-48 for 73 
Mbyte, and (0-11 8 for 147 Mbyte drives 
for a read/write format or verify 
operation. 

6-10 Sector Together with bit 5 of the first DOC, 
Address selects the starting sector (0-428) for a 

read/write format or verify operation. 

11-15 Sector Count Together with bit 10 of the first DOC, 
specifies the two's complement of the 
number of sectors to be transferred in 
one operation (maximum of 1008), 
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READ HEAD, SECTOR AND COUNT 

DIC[!] aC,DSKP 

Places the contents of the controller's MAP enable register 
in bit 0 of the specified accumulator, places the contents of 
the controller's head address register in bits 1-5 of the 
specified accumulator; head MSB is read in during DIB 
alternate mode 1, places the contents of the controller's 
sector address register in bits 6-10 of the specified accumu
lator; and places the contents of the controller's sector 
count register in bits 11-15 of the specified accumulator. 
After the data transfer, sets the controller's Busy and Done 
flags and initiates operations according to the function 
specified by F. The format of the accumulator is as follows: 

~IEAD ADDRESS SECTOR ADDRESS -SECTOR COUNT 

Bits Name Contents or Function 

0 MAP If 1, indicates that mapped BMC transfers 
are enabled. 

1 ----- Reserved. 

1-5 Head Address Indicates the current head (0-48 for 73 
Mbyte, and (0-11 8 for 147 Mbyte drives 
for a read/write format or verify 
opperation. 

6-10 Sector Ad- Together with bit 5 of the alternate mode 
dress 1 DIB, indicates the sector (0-428) imme-

diately following the last which was 
transferred. 

11-15 Sector Count Together with bit 10 of the alternate 
mode 1 DIB, indicates the two's comple-
ment of the number of sectors remaining 
to be transferred. 



SPE:CIFY MEMORY ADDRESS 

D08ffJ aC,DSKP 

S~I I 8 i 9 
AC 

3 i 4 

Loads bit 0 of the specified accumulator into the least 
significant bit (LSB) of the controller's extended memory 
address register, and loads bits 1-15 of the specified 
accumulator into the controller's memory address register. 
After the data transfer, sets the controller's Busy and Done 
flags and initiates operations according to the function 
specified by F. The contents of the specified accumulator 
remain unchanged; its format is as follows: 

I~WAI ~,-ri __ ~~ __ '-__ r-M_E~M_( __ )~RY __ A,D_D_R_ESrS __ ~~ __ '-~r-~i~'5~1 

Bits Name Contents or Function 

0 Extended Specifies the LSB of the extended 
memory memory address for BMC, or high order 
address address bit for mapped data channel. 

1-15 Memory Specifies the starting address for 
address non-mapped transfers, or the low-order 

15 bits for mapped transfers. 
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READ DATA TRANSFER STATUS 

DIAffJ aC,DSKP 

AC 
3 i 4 

Places the contents of the controller's Done flags and 
Read/Write status flags in bits 0-15 of the specified 
accumulator. After the data transfer, sets the controller's 
Busy and Done flags and initiates operations according to 
the function specified by F. The format of the accumulator 
is as follows: 

Bits Name Contents or Function 

0 Control full The drive command initiated by the 
previous IOPULSE has not yet been issued 
to the selected drive. 

1 R/W Done The read/write operation initiated by the 
previous START has terminated. (This is 
the same as the device Done flag.) 

2-3 Drive 0-1 Done The respective drives have executed a 
positioner command, have rejected an 
illegal positioner command, or have 
changed their ready status. 

4-5 ----- Reserved. 

6 Parity A parity error occurred on a data transfer 
between the controller and the BMC 
channel. 

7 Illegal sector The sector address exceeded the capacity 
of the drive. 

8 ECC A data error was detected by the error 
check circuits. 

9 Bad sector A Bad Sector flag was detected during a 
sector header check. 

10 Cylinder error A cylinder address error was detected 
during a sector header check. 

11 Head/sect A head or sector address error was 
error detected during a sector header check. 

12 Verify error A date error was detected during a verify 
operation. 

13 Read/write The read/write operation initiated by the 
timeout previous START was not completed in 1 

second. 

14 Date late The buffer overflowed during a read, or 
underflowed during a write. 

15 Read/write Any of the above faults, or a drive fault 
fault on the drive currently selected by the 

Read/Write channel. 
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READ DRIVE STATUS 

DIB[!] ac,DSKP 

8 I 9 

Places the drive status flags for the drive selected by the 
previous DOA in bits 3,4,6 and 15 of the specified 
accumulator. After the data transfer, sets the controller's 
Busy and Done flags and initiates operations according to 
the function specified by F. The format of the accumulator 
is as follows: 

Bits Name Contents or Function 

0-2 ----- Reserved. 

3 Ready The selected drive is ready to accept 
commands. 

4 Busy The drive is busy executing a position 
commmand. 

5 ----- Reserved. 

6 Write disable The write circuits are disabled by the 
front panel switch on the drive. 

7-11 ----- Reserved. 

12 Positioner fault Indicates a seek error has occured. 

13-14 ----- Reserved. 

15 Drive fault Indicates a dc voltage fault, head select 
fault, write fault, write or read while off 
cylinder, write gate during a read 
operation, or positioner fault. 
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READ EXTENDED MEMORY 
SECTOR AND COUNT 

ADDRESS, 

DIB[fl ac ,DSKP 
Context: Alternate instruction mode 1. 

I ~ I " I ~211~ 11~ 11~ I 

Places the BMC identifier flag in bit 0, the fixed disk 
identifier flag in bit 1, and the size identifier flags for 
drive ° and 1 in bits 2 and 3 of the specified accumulator. 
Places the contents of the MSB's of the controller's extend
ed memory address register in bits 11-15 of the specified 
accumulator. Also places the extended sector address bit in 
bit 5 of the specified accumulator, and places the extended 
sector count bit in bit 10 of the specified accumulator. Also 
places the extended head count in bit 4 of the specified 
accumulator. After the data transfer, sets the controller's 
Busy and Done flags according to the function specified by 
F. The format of the accumulator is as follows: 

Bits Name Contents or Function 

0 Burst multi- Identifies a BMC controller. 
plexor channel 

1 fixed disc Identifies the subsystem as a fixed disk. 

2& 6 Drive 0 ID See table below. 

3 & 7 Drive 1 ID See table below. 

4 ------ Reserved. 

5 Sector address Together with bits 6-10 of DIC, indicates 
MSB the most significant bit of the sector 

number immediately following the last 
which was transferred. 

8-9 -- Reserved for future use. 

"10 Sector count Together with bits 11-15 of DIC, indi-
MSB cates the most significant bit of the two's 

complement of the number of sectors 
remaining to be transferred. 

11-15 Extended Specifies the MSB' s of the extended 
memory ad- memory address, (BMC only). 

dress 

Drive 0 10 Drive 1 10 
.-

DIB BIT 10 Mbytes DIB BIT 10 Mbytes 
2 6 3 7 

0 0 147 0 0 147 

0 1 600 0 1 600 

1 0 73 1 0 73 

1 1 RES 1 1 RES 



REA[) MEMORY ADDRESS 

DIAfj] aC,DSKP 
Context: Alternate instruction mode 1. 

Places the contents of the LSB of the controller's extended 
memory address register in bit 0 of the specified 
accumulator, and places the contents of the controller's 
memory address register in bits 1-15 of the specified 
accumulator. After the data transfer, sets the controller's 
Busy and Done flags and initiates operations according to 
the function specified by F. The format of the accumulator 
is as follows: 

I~~AI 1 r, __ r--r __ r--r_M_ErM_O_R~Y._A_DrD_R_ESrS __ r--r __ r--r __ r' ~15~1 

Bits Name Contents or Function 

0 Extended Indicates the LSB of the extended 
memory memory address, for BMC or high order 
address address bit for mapped data channel. 

1-15 Memory Specifies the starting address for 
address non-mapped transfers, or the low-order 

15 bits for mapped transfers. 
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READ FIRST ECC WORD 

DIAff] ac,DSKP 
Context: Alternate instruction mode 2. 

AC 
3 ' 4 

Places bits 0-15 of the controller's ECC remainder register 
in bits 0-15 of the specified accumulator. After the data 
transfer, sets the controller's Busy and Done flags and 
initiates operations according to the function specified by 
F. The format of the accumulator is as follows: 

FIRST ECC WORD 

Bits Name Contents or Function 

0-15 a31 - a16 Indicates the coefficients of the high order 
bits of the ECC remainder following a 
read operation. 
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READ SECOND ECC WORD 

DID!!] ac,DSKP 
Context: Alternate instruction mode 2. 

Places bits 16-31 of the controller's ECC remainder register 
in bits 0-15 of the specified accumulator. After the data 
transfer, sets the controller's Busy and Done flags and 
initiates operations according to the function specified by 
F. The format of the accumulator is as follows: 

SECOND ECC WORD 
, 151 

Bits Name Contents or Function 

0-15 a15 - ao Indicates the coefficients of the low order 
bits of the ECC remainder following a 
read operation. 
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Programming Details 
To program data transfers for a 6160/616116214 DG/Disk 
storage subsystem, proceed in 4 steps: 

1. Select a drive and specify a seek command. 

II. Specify a cylinder address and initiate the position 
operation. 

III. Select a drive and specify a read/write command. 

IV. Specify a starting memory address, head address, sector 
address and sector count and initiate the read/write 
operation. 

Before issuing commands in phases I, and III, check the 
control full flag to avoid destroying a previously stored 
position command. Following phase IV, check the 
Read/Write and Drive Status flags for error indications. 

Unless otherwise noted, do not follow an instruction with 
a dev:ice flag command (S, C, or P). 

Phase I: Select a Drive and Specify a Seek 
CORlmand 
Issue a Read Data Transfer Status instruction (DIA). Check 
that the Control Full flag is 0, indicating that any 
previously stored drive command has been issued. Issue a 
Specify Command Drive and Extended Address instruction 
(DOA) and specify a seek command. Issue a Read Drive 
Status instruction (018) and check the drive status 
indicators to see that the drive is ready, that no drive 
faults are present and that write operations are not disabled 
(if a write is to ensue). (If the drive is busy, the stored 
command feature waits for completion of the current 
operation before it issues the new command. The drive 
rejects all commands if it is not ready.) 

Phase II: Position the Heads 
Move the heads to the desired cy Ender by issuing a Specify 
Cylinder instruction (DOC) plus a P device flag command. 
The II command initiates the seek operation by setting the 
control full flag; it does not affect the controller's Busy or 
Done flags. When the stored command begins executing, 
the control full flag is cleared. If a read/write operation is 
to follow, proceed immediately to Phase III without 
waiting for a drive attention interrupt request. Otherwise, 
an interrupt request will follow if the drive command was 
a seek, or a recalibrate. While the drive is seeking, its Busy 
flag is set (its ready flag is unaffected). 

Phase III: Select a Drive and Specify a 
Read/Write Command 
Check the device Busy flag to see that no data transfer 
operation is pending or in progress. Issue a Read Data 
Transfer Status instruction (DIA). Check that the Control 
Full flag is clear, indicating that any previously stored 
drive command is being executed. Issue a Specify 
Command Drive and Extended Address instruction (DOA) 
and specify a read/write command and an extended 
memory address (where applicable). 



Phas;e IV: Read or Write 
Issue an Extended Sector and Count instruction (DOC) and 
specify the most significant bit of the starting sector address 
and the most significant bit of the two's complement sector 
count Then, issue a Specify Head, Sector and Count 
instruction (DOC). Be sure not to exceed the capacity of the 
drive. Finally, issue a Specify Memory Address instruction 
(DOB) plus an S device flag command. The S command 
initiates the read/write operation by setting the Device 
Busy nag; it clears the Read/Write Done flag (which is the 
same as the device Done flag), starts the one second timer, 
and inhibits drive attention interrupts for the duration of 
the operation. When the selected drive completes the 
previous seek operation and clears the associated Seek 
Busy flag, the controller begins executing the stored 
read/write command. 

At the start of a read/write operation, the controller waits 
until the starting sector passes under the specified head. It 
then reads the sector address field, checks the Bad Sector 
flag and verifies that the cylinder address matches that 
posted by the Specify Cylinder instruction (DOC) which 
accompanied the previous seek command, and that the 
surface and sector address match those posted by the 
Specify Extended Sector and Count and the Specify Head, 
Sector and Count instructions which accompanied the 
current read/write command. 

If the address check is successful, the data transfer starts. 
The memory address register increments after every word 
transfer across the BMC or data channel. As the data 
transfer proceeds, the controller accumulates a 32-bit ECC 
checkword. After each sector is read, the controller s~ores 
the final ECC checkword (which should equal zero) in the 
controller's ECC register. 

The sector address and count increment after the address 
header check. If the sector address overflows, the surface 
address increments at the end of the sector transfer. If the 
sector count does not overflow, the next sector is 
transferred in the same manner. Data transfer continues 
until the sector count overflows, whereupon the operation 
terminates, the device Done flag sets and a program 
interrupt request is generated. 
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Figure 2 Drive command initiation flowchart 
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Formatting 
Data General Corporation's disk storage subsystems require 
that the data surfaces be formatted before a subsystem 
will properly function. The format delineates an address 
field and a data field in each sector. The address field is a 
coded header that precedes the data field, and contains the 
sector's logical address. The data field provides space for 
512 data bytes and 4 ECC bytes. 

The purpose of the format is twofold: 1) it provides 
information for data integrity and address checking by the 
subsystem (transparent to the programmer) before each 
data transfer; 2) it provides splice areas that separate the 
address field from the data field in a sector while giving 
read and write controls time to initialize and settle prior to 
a data transfer. 

A sector is formatted into five fields. The first splice field 
contains 201/2 bytes of zeros followed by a synchronization 
mark (00000001). The address field contains 3 bytes of 
address information, including a bad sector flag. The 
second splice field contains 14 bytes of zeros followed by a 
synchronization mark (00000001). The data field contains 
512 data bytes and 4 ECC bytes, and the head select field 
contains 17 112 bytes of zeros. 

If the data transfer status register repeatedly indicates an 
address error after many failures to read or write an area 
on the disk, the area in question (one sector, or several 
adjacent sectors on a surface) may need reformatting. The 
formatter program sets the bad sector flag on any sector 
that will not support error free data. 

Data General Corporation provides a stand alone program 
that will format and verify all the sectors of a disk. The 
program can also format a single sector or flag a bad 
sector. It is available on paper tape DGC no. 095-000879, 
and with Data General's Diagnostic Tape (and Disk) 
Operating System; its operation is described in a companion 
program listing DGC no. 096-000879. 

Whenever any sector is reformatted, all the data in that 
sector is lost. Formatting is done independently of and 
before initialization of a disc for use with a Data General 
operating system. 

NOTE: All disks will be shipped formatted, and should 
not be reformatted unless necessary. Factory verifica
tion is more thorough than the above program. 

Timing 
The disks in the drive unit rotate at a nominal 3600 rmp; a 
complete revolution requires 16.667 ms. A register in the 
selected drive continually indicates the number of the 
sector currently passing under the heads. This feature 
allows the subsystem to carry out a read or write operation 
the first time the desired sector passes under the selected 
head 
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The minimum sector access time is 50 J-LS. This is the time 
required to read the address field at the start of a sector 
and start the data transfer. The maximum access time is 
therefore 16.717 ms. This is equal to the minimum access 
time plus the time for a full revolution. 

A sector passes under a head in 0.476 ms; the data portion 
of that sector (not including the ECC field) passes under 
the head in 0.423 ms. In BMC mode a BMC request occurs 
for every 8 or 16 words (jumper selectable). In Data 
Channel mode a data channel request occurs for every 
word, and words are transfered in 4 or 8 word blocks 
(jumper selectable). 

The maximum allowable latency time depends on the 
number of sectors being transferred and the type of 
operation. For two sector reads or one sector write, the 
maximum latency is one second (the time of a controller 
R/W timeout). For transfers with sector counts higher 
than these, the maximum allowable latency on a DCH 
configuration is 1.414 ms. On a BMC configuration the 
maximum allowable latency is 497.6J-Ls. This is the time 
between sectors that is allowed for the buffer to be 
unloaded (during a read) or loaded (during a write). The 
time the DCH or BMC takes to load/unload a buffer 
depends on the CPU type and the burst/break 
configuration of the controller. If the channel does not 
respond to a controller request within this time, both the 
Data Late flag and the Read/Write Fault flag set, and the 
data transfer operation immediately ends. 

Data transfer operations are timed. If the subsystem does 
not complete a data transfer within 1 second after the 
initiating S flag command, the Read/Write Timeout flag 
and the Read/Write Fault flag set, ~nd the data transfer 
operation immediately ends. 

The time required to position the heads (seek time) depends 
upon the number of cylinders the heads must cross to 
reach the destination cylinder, independent of the direction 
of movement. The minimum seek time is that required for 
a single cylinder seek; 10 ms. The maximum seek time to 
traverse all cylinders is 55 ms for Models 6160/6161 and 50 
ms on Model 6214, and the average seek time is 30 ms. The 
zero length seek time is 90 J-LS. 

The recalibrate operation moves the heads back to cylinder 
o and selects surface 0; but it progresses more slowly to 
that cylinder than a seek. The maximum recalibrate time 
is 1.5 sec. 

When the P flag command is issued, starting an operation 
(seek or recalibrate), the minimum time required for the 
Control Full flag to clear, following a P flag command is 
2.2 J-LS. 



Model 6160/6161/6214 DG/Disk Subsystem 

Detailed Command Descriptions 
Read 
Reads up to 64 (1008) contiguous sectors into memory from 
the selected drive, starting at the specified surface and 
sector, and in the cylinder selected by the previous seek 
instruction. Data is read from the disc in blocks of 256 
words per sector and is transferred to processor memory 
starting at the specified memory address. 

Before a sector data transfer starts, the controller loads the 
address field and checks the Bad Sector flag and the head, 
sector and cylinder address. The operation terminates if 
an error is detected. 

The subsystem accumulates an ECC checkword during the 
sector data transfer. It divides the data field and the 
appended ECC field by a fixed generator polynomial and 
indicates an ECC error if the resulting checkword is 
non-zero. 

When the last sector on heads 0-48 on 73 Mbyte or 0-118 on 
147 Mbyte or 0-478 on 600 Mbyte drive is read, the controller 
automatically changes the head and sector address in the 
head and sector count register, to specify the first sector (0) 
on the next head of the same cylinder. 

Recalibrate 
Moves heads to cylinder 0 and selects head O. 

Seek 
Moves the heads to the specified cylinder. 

Set Alternate Mode 1 
Changes the interpretation of DIA and DIB to read the 
current memory address. This mode is cleared when a new 
command or an IORST is issued. 

Set Alternate Mode 2 
Changes the interpretation of DIA and DIB to read the ECC 
remainder. This mode is cleared when a new command or 
an IORST is issued. 

No Operation 
Null command. (This command may be used to select a 
drive and read its status, to clear alternate mode 1 or 2, or 
to load buffers in the diagnostic mode. 
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Data Verify 

Compares data written on the disk against its image in 
processor memory (read after write check). A data transfer 
proceeds as for a normal read command except that data 
words are not written to processor memory. Instead, data 
words are read from processor memory as the correspond
ing words are read from the disk and the converging data 
streams are compared in the controller. If an error is 
detected, the operation terminates at the end of the current 
sector. 

Read Buffers 
Reads the contents of the buffers to facilitate diagnostic 
testing. Data is read from the buffers as a 512 word block 
and is transferred to processor memory starting at the 
specified memory address. The buffers must first be filled 
by issuing a No Op command with a start pulse. These 
operations will cause a fault interrupt without setting any 
error bits. 

Write 
Writes up to 64 (1008) contiguous sectors from processor 
memory to the selected drive, starting at the specified 
surface and sector, and in the cylinder selected by the 
previous seek instruction. Data is transferred from 
processor memory starting at the specified memory 
address, and is written to the disc in blocks of 256 words 
per sector. 

Before a sector data transfer commences, the controller 
reads the address field and checks the Bad Sector flag and 
the surface, sector and cylinder address. The operation 
terminates if an error is detected. 

The subsystem accumulates an ECC checkword during the 
sector data transfer. It divides the data field by a fixed 
generator polynomial and appends the resulting ECC 
checkword to the data field. 

When the last sector on surfaces 0-48 on 73 Mbyte or 0-118 
on 147 Mbyte or 0-478 on 600 Mbyte drives is written, the 
controller automatically changes the surface address in 
the surface, sector and count register, to specify the first 
sector (0) on the next surface of the same cylinder. If the 
head select register increments beyond the last physical 
head, a head/select error (DIA Bit 11) will be set. 

Format 
Formats up to 35 contiguous sectors on a selected head. 



Fault Flags 
The faults detected by the disk storage subsystem are 
divided into three parts: errors detected by the drive, either 
position faults or drive faults, and errors detected by the 
controller, which are read/write faults. The drive fault 
flag sets when any fault is indicated by the selected drive, 
other than a position fault. A drive fault may cause the 
drive to lock out an operation. 

The Read/Write Fault flag sets when any fault is indicated 
by the controller, or when a drive fault is indicated by the 
drive currently selected. This fault immediately terminates 
a read/write operation. Most faults can be cleared by 
issuing a new command, and a retry is generally 
recommended. 

Positioner Faults (018 bit 12) 
The following conditions will result in a positioner fault: 

The cylinder address received by the drive was greater 
than 823 (14668) for 73/147 or greater than 843 (15128 for 
600 Mbyte. 
The positioner drifted off cylinder. 
The positioner ran into a guard band during a seek. 
Ti:1e positioner would not lock on cylinder. 
An illegal address was detected. 
The positioner failed to enter the guard band area within 
1024 tracks, or failed to lock onto track 0 on a Return to 
Zero operation. 

Dri've Faults (018 bit 15) 
Below is a list of drive faults and the conditions that cause 
them. 

()lC Voltage Fault 

The drive detected an undervoltage in its DC power supply. 

Read/Write and Not on Cylinder 

The drive detected an off cylinder condition during a 
read/write operation. 

Read/Write Fault 

The drive received a read gate and write gate 
simultaneously. 

I1lead Select 

More than one head was selected. 

VVrite Fault 

Anyone of the following conditions will result in a write 
fault: 

Low input to the write driver. 
No write data transitions when write gate is active. 
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Read/Write Faults (DIA bits 6-14) 
Read/write faults are caused by: 

Parity 

A parity error occurred on address or data transfers across 
the BMC interface, or an address validity error. 

Illegal Sector Address 

The starting sector address received by the controller was 
greater than 34 (428), 

ECC 

The ECC logic detected a data error during a read or 
verify operation. (The final ECC remainder may be read 
to attempt error correction.) 

Bad Sector 

The Bad Sector flag, written in the sector address header 
by the formatter and read prior to a sector data transfer, 
indicated that the sector could not support reliable data 
storage. 

Cylinder Address 

The cylinder address, written in the sector address header 
by the formatter and read prior to a data transfer, did not 
agree with the cylinder address specified during the 
previous seek operation. (The drive should be recalibrated.) 

Sector Or Surface Address 

The sector or surface address, written in the sector address 
header by the formatter and read prior to a data transfer, 
did not agree with the currently specified surface or sector 
address. 

Verify 

Data read from the disc did not match data read from 
processor memory during a verify operation. 

Read/Write Timeout 

The subsystem did not complete a read/write operation 
and set read/write done within 1 second after initiating 
the S flag command. 

Data Late 

The buffer overflowed on a read data transfer or 
underflowed on a write data transfer. 
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Error Conditions 

During Head Positioning 
If the program specifies an illegal cylinder address in 
conjunction with a seek command, the seek operation is 
rejected, and the Position Fault flag is set. 

During Data Transfer 
If the program specifies an illegal sector address, the 
command is rejected and the data transfer operation 
terminates. 

If the program specifies a sector count which causes the 
head address to exceed the capacity of the drive, the data 
transfer operation terminates at the start of the sector in 
which the overflow occurred. 

If the subsystem detects a Bad Sector flag, or a head, sector 
or cylinder select error, the data transfer operation 
terminates at the start of the sector in which the error 
occurred. (If a cylinder address error occurs, the drive 
should be recalibrated.) 

If the subsystem detects a parity or data late error, or a 
drive fault, the data transfer operation terminates when 
the error occurs. If the error occurs after the address header 
check, the sector count indicates the address of the next 
sector. 

If the subsystem detects an ECC or verify error, the data 
transfer operation terminates at the end of the sector in 
which the error occurred and the sector count indicates 
the address of the next sector. 

If a drive fault occurs during the head positioning phase of 
a back to back seek/data transfer operation, or if a drive or 
read/write fault occurs during a data transfer operation, 
the data transfer operation terminates when the fault is 
detected. Also, the specific fault flag(s), the Read/Write 
Fault flag and the Read/Write Attention flag set, the Busy 
flag resets and a program interrupt request is initiated. 
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Data Error Correction 
The disk storage subsystem supports error detection and 
correction to help maintain data integrity. The ECC feature 
detects all error bursts contained within 21 or fewer 
contiguous bits in a sector, and supports software correction 
of all error bursts contained within 11 or less contiguous 
bits. A large class of additional errors may also be detected, 
but a small possibility exists that the correction algorithm 
will indicate erroneous corrections on error bursts that 
exceed 11 bits. 

When the subsystem writes a sector, the ECC hardware 
divides the data field by a fixed generator polynomial and 
appends the resulting checkword to the data field. 

When the subsystem reads a sector, the ECC hardware 
divides the data field plus the appended checkword by a 
factored version of the same generator polynomial. If a 
transcription error occurs, the resulting remainder is 
non-zero (except for a small class of errors which are 
undetectable due to the cyclic properties of the generator 
polynomial), and the controller's ECC error flag sets. 

The processor may read the 4-byte ECC remainder via a 
Read First ECC Word instruction (OIA, alternate mode 2) 
and a Read Second ECC Word instruction (018, alternate 
mode 2). A software error correction algorithm then 
manipulates the checkword to attempt to correct the 
erroneous data. (The algorithm may find some detected 
errors to be uncorrectable.) 

The generator polynomial is: 
(4005)( 10000001)8 = 400500040058 

or in terms of powers of x 
(x**11 + x**2 + 1)*(x**21 + 1) = 

x**32 + x**23 + x**21 + x**11 + x**2 + 1 

The following flow charts and diagrams (Figures 6, 7, 8 
and 9) indicate the method for correcting data errors. 

The following steps describe the method of error correction 
when you use the ECC status words: 

1. Get the first and second ECC words. 
2. Check for error and its correctability. 
3. Perform left rotate on PO to find 11 bit error pattern. 
4. Duplicate error pattern in PI using XOR and SHIFT. 
5. Compute bit displacement of 11 bit error burst. 
6. Check that error burst falls within sector. 
7. Compute correction. 
8. Reconstruct word or words in error. 



Data General Corporation 
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Figure 6 Method for performing error correction using ECC error words 
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PO(0.9) 

Take PO 

shift left N times 0 ~ N ::; 21 

until PO(0.9) = 0* 

---------------, 
"-r-........ ......, ....... .,......~ ---------- --- __ J 

~ ..... """"'--'.,-.""""" ....... -- - - --- - -- - - - - --, 
'--..L..--,",-"'-'-'-~ ______ _________ J 

(Error is uncorrectable if this step cannot be completed) 
I A~ ____________ ~\ 

lololololololololololxlxlx Ixlxlxl ~lx~l_x~lx~l_x~I=~~~~::~~=~:====J 

DG-06572 

I ..... Error pattern x is either 0 or -I 

Store n 
store error pattern 

Take P1 
Perform the indicated shift & X or operations M times 

0~M~2047 

Until P 1 matches error pattern * 

r------
L ______ ~__.,. .... ,......,........,........,.__.,.~,.......,...... ......... ~ 

r - - - - - - ~...,...~..._.,....._"'~""""r_.....,,......,......i..,...--r--'I""""'-\ 

L ______ L..-..I..-...... -I... ................ _ ............. .......,. ................... 

( Store M ) 

* Error is uncorrectable if this step cannot be completed 

Figure 7 Method for performing error correction using ECC error words 
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Figure 8 Method for performing error correction using ECC error words 
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Step 1 Compute the correction and reconstruct data in core 
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Step 2 
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Figure 9 Method for performing error correction using ECC error words 
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o System House 
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COMMERCIAL ECLIPSE 

SCIENTIFIC ECLIPSE 

APl130 

CS Series 

Mapped NOVA 
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4 .......... 

o AOS o RDOS 

o DOS o Other 

o MPjOS 

Specify _____ _ 
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ODG/L 

o Cobol 

o PASCAL 

o Assembler 

o Fortran 

o RPGll 
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o BASIC 
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7. Application 
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I. Purchas. 
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