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PREFACE 

This manual describes the operation, programming, and logic 
I analysis at a maintenance level of the enc® Storage 

Module Drive Interface. This device utilizes a combination 
of hardware and controlware to perform its internal 
functions. At a systems level, the device functions· as an 
intelligent interface between a central processing unit and a 
multiple disk drive system controller. 

disk systems. Hardware-oriented individuals should have a 
basic understanding of micro programming as applied to 
peripheral micro controllers. 

The CDC publications listed below provide additional 
information related to the operation and programming of the 
drive interface. Copies can be ordered from CDC's LDS 
catalog. 

This manual is intended for people who have a working 
knowledge of programming, operation, and formats used in 

~ ' 

Description 

CYBER 18 Processor with Core Memory (Macro Level) Reference Manual 

Operational Diagnostic System (ODS) Version 1 Reference Manual 

FA 7 AS/FA 727 SMD Controller/Formatter Hardware Maintenance Manual 

GB138-A Field Print Package 

CYBER 18-20/30 Timeshare Computer Systems Hardware Maintenance Manual, 
Volumes 1 and 2 

BJ701/BJ7Bl Storage Module Drive Hardware Maintenance Manual 

BJ701/BJ7Bl Storage Module Drive Hardware Reference Manual 
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GENERAL DESCRIPTION 1 

The storage module drive interface is an intelligent 
controller that provides a generalized peripheral interface. 
As used in the CYBER 18 computer family, the drive 
interface is an integral part of the storage module system 
(SMS) and is dedicated to interfacing a multiple disk drive 
subsystem to the central processing unit (CPU). 

PHYSICAL DESCRIPTION 

The drive interface is a four-layer, 11- by 14-inch printed 
circuit assembly. It occupies one slot within the CPU board 
cage or the expansion chassis. 

The storage module system (figure 1-1) is comprised of no 
more than two drive interfaces (one per CPU for dual 
configurations) and the disk subsystem, consisting of one 
controller/formatter and any mixture of up to eight storage 
module disk drives of either 25- or 50-megabyte capacity. 

FUNCTIONAL DESCRIPTION 

The drive interface provides a front-end A/Q-direct memory 
access peripheral controller-type interface to the CPU's 
backplane. Its back end interfaces through input/output port 
cabling to a tag bus-type interface presented by the 
controller/formatter's front end. All communications and 
data exchanges between the CPU and the storage module 
system must pass through the drive interface. 

Software input and output commands to the storage module 
system and the status words of the drive interface, 
controller/formatter, or disk drives are handled through the 
CPU's A/Q input/output channel. Data transfers are handled 
through the CPU's direct memory access channel. The drive 
interface contains a 64-word data buffer first-in/first-out 
(FIFO) and 16 file registers for setting up the sector, head, 
and cylinder addressing on the selected file. 

Interface handshaking and internal control and data paths 
are directed by a read-only memory-resident program 
(control ware) within the drive interface. The data word 
between the drive interface and controller/formatter 
consists of an 8-bit byte; between the drive interface and 
CPU, 16-bit words are used. 

LOGIC CIRCUITS 

The drive interface utilizes standard TTL-type (SSI and MSI) 
logic packages for its control and data handling, MOS logic 
for data storage, and semiconductor memory (read-only 
memory) for implementing its control program logic 
(control ware). 

POWER 

The drive interface logic obtains its power from the CPU 
system backplane. The drive interface requires 

96761300 A 

approximately 4.0 amperes at 5 vdc for the logic circuits 
and -12 vdc at 50 milliamperes for the FIFO buffer 
integrated circuits. 

ENVIRONMENTAL CONDITIONS 

Drive Interface cooling is accomplished by the external fans 
in the CPU board cage. The drive interface performs 
sati3factorilY. over a temperature range of 40° to 120° F 
(4.4 to 48.9° C) and a relative humidity factor of 10 to 90 
percent, noncondensing. 

PROCESSING RATE 

The drive interface is designed to handle the maximum peak 
data transfer rate of the disk. The average data transfer 
rate of the drive interface to/from the CPU is: 

605 kHz (1.65 microseconds per word) - 3600 rpm drives 

STORAGE MODULE SYSTEM FEATURES 

Because the storage module system consists of several 
components, standard features as well as options are 
supported by, but not implemented in, the storage rnodule 
system hardware. They are mentioned here as an aid to 
understanding the programming and operation of the drive 
interfaee. 

ERROR CORRECTION 

A standard storage module system error correction code 
(ECC), with the controller/formatter option included, is 
capable of detecting all single 22-bit (or less) error bursts 
and correcting all single 11-bit (or less) error bursts in any 
physical record. The correction is accomplished at the 
direction of the system software. 

FOUR-DRIVE EXPANSION 

The storage module system standard 4-drive expansion with 
the controller/formatter option allows the multiplexing 
capability of the controller/formatter to expand from the 
standard four drives to a maximum of eight. 

DUAL ACCESS 

The dual access feature with the controller/formatter option 
and disk adapter jumpers provides the capability to access 
the controller/formatter from two drive interfaces. Control 
contention must be resolved by the drive interfaces through 
software. 

1-1 
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ERROR RECOVERY AIDS 

The drive-type dependent error recovery aids;-16 values of 
drive head offset and two variations of data recovery 
timing, can be selected by software to assist in error 
recovery procedures. 

ROTATIONAL POSITION SENSING 

A rotational position sensing (RPS) capability, included via a 
status command, allows the program to read the physical 
number of the sector currently under the read/write heads 
of the selected drive. 

SECTOR INTERLACE 

The capability for a software-prescribed sector interlace 
scheme is included. It allows the software to create logical 
sectors irrespective of the physical (sequential) sector 
numbering. 

OVERLAPPED SEEKS 

A seek complete occurring on any drive is logged by the 
controller/formatter and flagged to the appropriate drive 
interface. A software poll command is used to determine 
which drive is in the seek end condition. 

LOGICAL-TO-PHYSICAL DRIVE 
NUMBER CORRELATION 

The logical-to-physical drive number correlation feature 
provides a software command to correlate the selected 
drive's physical unit number with its logical unit number. 

SELECTABLE SECTORING 

The number of sectors per revolution can be selected for a 
range of 1 to 128 when a sector logic plug is installed in the 
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storage module disk. Not all sector counts result in equal 
length sectors. For example, a 50-sector plug allows 49 
equal length sectors with an odd length (longer) sector at the 
end. Sector plugs that result in equal length sectors are as 
follows: 

4, 5, 6, 7' 8, 10, 12, 14, 15, 16, 20, 21, 24, 28, 30, 
32, 35, 40, 42, 48, 56, 60, 64, 70, 80, 84, 96, 105, 
112, 120, 128. 

The standard number of sectors per revolution is 64. 

AUTO LOAD 

The autoload feature initiates a bootstrap read of 1,536 
words from cylinder, head, and sector 0 on the selected 
drive of the drive interface jumper. 

DRIVE INTERFACE SELF-TEST 

The drive interface internal data paths, data buffering 
capabilities, and direct memory access control logic may be 
tested independently of the controller/formatter and disk 
drives via self-test read/write commands. 

DATA ECHO 

Two levels of data echo capability are included as 
maintenance and diagnostic aids. The first level allows data 
to be output through the drive interface to the control­
ler/formatter receivers and transmitters and back to the 
CPU. The second level verifies the data path to the 
selected drive's receivers and returns to the CPU through 
the drive's transmitters. 

1-3/1-4 





OPERATION AND PROGRAMMING 2 

PARAMETER JUMPERS 

The drive interface contains several solder-type printed 
circuit jumpers that are visible when the drive interface 
board. is removed from the CPU chassis. These jumpers 
implement system parameters that define equipment con­
figuration and operating modes. The functions of the 
jumpers are described here; the jumper pin numbers are 
identified in table 3-1. 

EQUIPMENT NUMBER 

On all A/Q input/output commands, bits 7 through 10 of the 
Q register (E field) contain the input/output device 
address/equipment number. Four jumpers on the drive 
interface, representing hexadecimal codes 0 through F, must 
be set to correspond to the correct drive interface 
equipment number. 

PROTECT OVERRIDE 

The drive interface may operate as a protected or 
unprotected input/output device. One jumper provides for 
selecting this option, which enables the .drive interface to 
write into protected memory. 

AUTOLOAD DRIVE NUMBER 

Four jumpers are provided for selecting the logical drive 
unit number when an autoload (bootstrap) operation is 
initiated from the console. Upon depressing the 
AUTOLOAD switch, the selected disk drive seeks to address 
O (cylinder, head, and sector 0) and reads 1,536 sequential 
words from this area. This data is stored into sequential 
CPU memory locations, beginning with location O. 

DUAL CPU CONFIGURATION 

In a dual CPU system, two drive interfaces can be connected 
to a single controller/formatter. Communication occurs, 
not only between the drive interfa~e _and the control­
ler/formatter, but also between drive interfaces. For proper 
operation, each drive interface must be configured with wire 
jumpers so that it transmits and receives only those signals 
that correspond to its unit number. Unit 0 is the first drive 
interface on the daisy chain cable from the control­
ler/formatter. Unit l is the remaining drive interfa~e on 
the cable. The jumpers and their applications follow. 

One jumper is required to allow the drive interface to 
generate an interrupt to the CPU upon receiving a seek eno 
interrupt from it5 selected disk drive. 

One jumper is required to interrupt the alternate drive 
interface. 

One jumper is required to receive the interrupt from the 
alternate drive interface. 
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One jumper is required to sample the controller/formatter 
request line (select hold). 

One jumper is required to transmit a request (select hold) to 
the controller/formatter. 

DRIVE INTERFACE REGISTERS 

The drive interface contains registers and counters that 
support software and/or hardware functions. These registers 
are divided into three categories. 

PROGRAM REG IS TE RS 

Program registers are accessible through soft ware A/Q 
input/output commands. These registers are necessary for 
setting up and executing disk drive data transfer operations. 
Table 2-1 lists these program registers and their application. 
The software function codes that reference these registers 
are detailed below under A/Q Command Description. 

HARDWARE REGISTERS 

The hardware registers are not accessible by software; they 
are used internally by the drive interface for control of 
storage module system operations. These registers are 
described in section 3. 

FILE REGISTERS 

File registers are the internal drive interface working 
registers. There are 16 eight-bit registers addressed as 
0 through F (hexadecimal). All file registers may be read by 
soft ware; however, only six may be loaded directly from the 
CPU. They are file registers l, 2, 3, 4, A, and B. 

The first nine files (O through 8) of the file register contain 
the information read from the address field of the last 
sector operated on following a data read or write operution. 
The remaining seven files contain constants or working data 
for the particular function being performed. The fallowing 
text identifies the file registers and their application. 

File 0 - Field Length 

The field length file is the number of bytes, minus one, in 
the data field of this 5ector. 

File 1 - Sector Address 

File l is tile actual logical sector address read from each 
sector's address field on the selected drive. File l is also 
used prior to initiating a read or write operation for 
temporarily storing the target sector address loaded by a set 
sector and head function. 

2-l 



TABLE 2-1. DRIVE INTERFACE PROGRAM REGISTERS 

Register Length Data Data 
Name (Bits) Loaded By Read By 

Buff er length 0-15 (16) Function Hardware 
code O 

Current word 0-15 (16) Function Hardware 
address, lower code D 

Current word 16, 17 (2) Function Hardware 
address, upper code E 

Cylinder address 0-9 (10) Function Function 
(file 3, 4) code 5 code 5 

Sector and head 0-10 (11) Function Function 
address code 7 code 7 
(file A, B) ! 

Interrupt mask 1-6 (6) Function Hardware 
code 8 

Drive interface 0-15 (16) Hardware Function 
status code 8 

File 2 - Head Address 

File 2 is the same as file 1, except it contains the head 
address. 

File 3 - Cylinder Address, Lower 

File 3 contains the least significant eight bits of the cylinder 
address that was read from the address field on the selected 
drive. File 3 is also used to hold the software-supplied 
initial cylinder address following a load cylinder address 
function and preceding a read or write operation. 

File 4 - Cylinder Address, Upper 

File 4 is the same as file 3, except it contains the most 
significant two bits of the cylinder address. 

File 5 - Flog Byte 4 

This flag byte is not used by the storage module system 
hardware. The operating system software may use this field 
for a bad track/sector flag, a write protect flag, or an 
alternate track assignment. 

2-2 

Register 
Cleared By Application 

None, self clearing Set to number of words to be trans-
ferred between file and main memory 

None Set to 16-bit memory address of first 
data word (FW A) to be transferred 
between file and main memory under 
direct memory access control 

Master clear or clear Set to most significant two bits of first 
drive interface memory address for memory capacities 
function of up to 256K 

None Set to the desired cylinder address 

None Set to desired sector and head address 

Master clear or clear Set to enable/disable drive interface 
drive interface interrupt conditions 
function 

Clear drive interface Contains current status und alarm condi-
function tions within the drive interface 

File 6 - Flag Byte 3 

File 6 is the same as file 5. 

File 7 - Flag Byte 2 

File 7 is the same as file 5. 

File 8 - Flog Byte 1 

File 8 is the same as file 5. 

File 9 

This register contains a hexadecimal 30. It is used within 
.the drive interface as a drive ready and on cylinder status 
compare word for testing drive status during an autoload 
sequence. 

File A - Target Sector Address 

Preceding a data read or #rite, this register receives the 
initial target logical sector address as specified via a 
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software set sector and head command. Following a data 
read or write, this register contains the address of the last 
sector operated on. During data read or write operations, 
the drive interface increments this register as the transfer 
extends across sector boundaries. 

File B - Target Head Address 

File B is the same as file A, except it contains the head 
address. 

File C - Constant of Zero 

The file C register always contains zero. It is used 
internally within the drive interface for testing register 
conditions of zero. 

File D - Timeout Counter 

The file D register is used internally within the drive 
interface to time certain commands and responses for the 
controller/for matter. 

File E - Read/Write Retry Counter 

The file E register is used during data read or write 
operations by the drive interface while searching for the 
correct sector and head to operate on. The drive interface 
reads the address field of 128 sectors (two revolutions) in 
search of the target sector and head address. If this register 
ever reaches a zero count during a read or write command, 
it indiCates that the drive interface was unable to find the 
specified sector and head address, and the operation is 
aborted. 

File F - Temporary Storage 

File F is used during data read or write operations and for 
temporary storage of the read file address. If this file is 
read, it holds its own file address. 

PROGRAMMING 

The drive interface communicates with the CPU via the A/Q 
and direct memory access input/output channels. The A/Q 
channel provides the drive interface with a direct connec­
tion to the CPU's A and Q registers. All operations on the 
A/Q channel are initiated by execution of the software 
instructions input-to-A or output-from-A. The Q-register 
contents are always output to the drive interface along with 
the A-register contents for an output-from-A instruction. 
For an input-to-A instruction, the Q register is output, but 
the drive interface inputs a single word into the CPU's A 
register. 

A/Q COMMAND CATEGORIES 

The CPU A register transmits to, or receives information 
from, the drive interface under A/Q input/output command 
operations. The application of the information contained in 
the A register falls under the following general categories. 
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• Single word transfer, output from A - The CPU's 
A register data is used to load drive interface registers, 
clear control logic, initiate requests, transmit test data, 
and select drives as directed by specific bit assignments 
of the A register. 

• Single word transfer, input to A - This A/Q operation is 
used to read status words, registers, test data, and 
control logic conditions into the CPU A register. 

o Control, output from A - This operation initiates 
motion control (seek operations) to the selected disk 
drive's head positioning logic, based on the contents of 
the CPU A register. 

o Data handling, output from A - This operation sets up 
the drive interface for initiating buffered transfers of 
data between the drive interface and main memory 
under direct memory access control. 

DIRECT MEMORY ACCESS OPERATION 

The direct memory. access channel provides the drive 
interface with the control and data paths to the CPU's 
memory. This allows the drive interface to communicate 
with the memory for the purpose of data transfers. The 
direct memory access input/output channel connection with 
the drive interface is defined initially by a sequence of 
software operations. The execution of several output-from­
A instructions, with the accompanying A/Q registers 
containing drive addressing and initiate direct memory 
access command information, sets up the drive interface for 
direct memory access operation. The drive interface 
internally verifies the entry into the beginning of the desired 
target sector requested by software. 

As data becomes available, the drive interface logic through 
the control paths of the direct memory access channel 
makes a request to the CPU for a memory cycle. The drive 
interface link to the direct memory access channel is 
established for one data transfer when the CPU's memory 
acknowledges the drive interface~s memory request. Upon 
receiving the memory's acceptance, the drive interface 
transfers a single data word to (direct memory access write) 
or from (direct memory access read) the CPU memory via 
the direct memory access data path. The drive interface's 
memory address register is inc1:emented and its buff er 
length (word count) register is decremented by one following 
each data transfer. The direct memory access channel 
communication continues to be· periodically activated by 
drive interface hardware until the buff er length register has 
been decremented to zero. At that time, all data transfers 
have been completed, and the drive interface's direct 
memory access link with CPU memory is terminated. 

A/Q INPUT /OUTPUT COMMAND 
FORMAT 
The Q register is loaded by the CPU program with the 
equipment number (drive interface device address) plus the 
drive interface's prime input/output function. The 
A register is loaded by the CPU program for all output 
operations (control, single word out, data handling) and is set 
to either an auxiliary input/output function or input/output 
function parameters, depending on the particular output 
command. 
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For A/Q input operations (single word in and status), the 
CPU's A register is loaded by the drive interface with the 
specific data that was requested by the function code 
contained at this time in the Q register. The Q-register 
format for all A/Q operations with the drive interface is as 
follows: 

15 

Q 

11 10 

Drive interface 
address code 

Q-REG ISTER FIELDS 

7 6 4 3 0 

E 

The E portion of the Q register defines the disk adapter's 
equipment address code. This code is configuration­
dependent and hardware-implemented by four equipment 
select jumpers located on the drive interface. 

The field contained in Q-register bits 0 through 3 (Qf) 
defines the prime input/output function to be performed by 
the storage module system. 

All Q-register fields always are output to the drive 
interface upon execution by the CPU of either an output or 
input instruction. The A-register contents are output only 
to the drive interface upon execution of an output-from-A 
instruction. 

A-REGISTER CONTENT 

The A register, when used in conjunction with the 
Q register for output operations, contains single bits or 
fields (multiple bits). These bits in the A register are used 
to further define the function or as parameters for the 
operation. The definition of each bit or field in the 
A register varies with the particular function code in the 
Q register (Qf) as explained in detail under A/Q Command 
Description below. ' 

For A/Q input operations (single word in and status) the 
definition of the bits coming into the A register is again 
related to the Qf. 

A/Q COMMAND DESCRIPTION 

The following section lists the A/Q functions in numerical 
order with the output command followed by the input 
command of the same code number. A functional descrip­
tion of each command and an application for the commirnd is 
provided when necessary. 
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Table 2-2, which lists the function codes in numerical order, 
may be used as an index to the functional descriptions. Note 
the suffix -1 following certain function codes denotes that 
this same code is used to perform different input/output 
operations. The differences are qualified by the A-register 
data accompanying the function; they are explained further 
within the functional description. Except where noted under 
programming considerations, all A/Q commands require a 
not-busy drive interface to be capable of accepting the 
command (refer to Programming Aids and Considerations at 
the end of this section). 

Tables 2-3, 2-4, and 2-5 list the drive interface functions in 
a quick reference· format by their major functional 
categories. 

BUFFER LENGTH 

Format: Output 
Function Code: O 

11 111 7 (j 4 :1 (I 

QI L.. __ '_'"_'_' _ ___. __ ,_·: _ ___.~..__ .................. ....._o __ o_o_o_I 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

'·I I I I I I I I I I I I I I I I I 
Word Count 

The buff er length loads the drive interface's buff er length 
register with the transfer word count. 

The CPU's .A register must be set by the program to the 
total number ot 16-bit words that are transferred under 
direct memory access control. This word count is thrn 
loaded into the drive interface's buffer length register by 
function code 0. During a direct memory access read or 
write operation, the drive interface decrements this word 
count -1 for every 16-bit data word transferred. When the 
buffer length register equals 0, the direct memory access 
transfer is complete. 

The buffer length function is used to initialize the drive 
interface in preparation for initiating a direct memory 
access read/write, address, or data command (function 
codes 9 or A). 

When the buff er length register is initialized to zero, any 
following initiate direct memory access read or write 
command is interpreted as a test mode read or write 
operation. 
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TABLE 2-2. DRIVE INTERFACE FUNCTION CODES (Qf) 

When Q Register Input-to-A Instruction Causes Output-from-A Instruction Causes 
Bi ts 0-3 Equals: A Register to Receive: the Following Operation: 

0 Read drive interface file register data Set data buffer length register 

1 Physical unit number Set drive request 

2 Poll status Initiate poll 

3 Select acknowledge status Drive unit select 

4 Drive echo input data Drive echo output data 

5 Cylinder address status Load cylinder address and seek 

6 Current physical sector address Format write 

7 Sector and head address status Load sector and head address 

8 Drive interface status Director function 

9 Drive status word 2 Initiate read 

I 9-1 - - Test mode read 

A Error correction code pattern Initiate write I 
A-1 - - Test mode write I 
B Error correction code condition status Error correction code control I 

c Drive fault condition status Status clear control --C-1 - - Read recovery control 

D Controller/formatter status Set first word address, lower I 

E Drive status word 1 Set first word address, upper I 
E-1 - - Select file address 

F Controller/f or1natter echo input, data Controller/formatter echo output data I 

READ FILE 

Format: Input 
Function Code: 0 

Q \\' II 

11 l 0 

15 12 11 

A I 0 
0 0 0 I. 0 0 

7 Ii ·l :1 II 

F 

K 7 4 :1 () 

·I 
\ ._. / 

Data from selected 
file register 

The read file reads data from the selected one of 16 
eight-bit drive interface file registers. 

This input function causes the contents of the drive 
interface file register, previously selected by a select file 
function, to be input to A-register bits 0 through 7. 
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The read file function is primarily a diagnostic or ·fault 
isolation aid in that it provides direct access to the primary 
working storage within the drive interface. 

Refer to Select File Address below. 

DRIVE REQUEST 

Format: Output 
Function Code: 1 

1:; 11 lfJ 7 fi -l .. fl 

Q w-o F ~o 0 0 'I 
Iii K 7 (j 5 

;\ 

Clear seek initiated status 

Clear seek completed status 

4 :1 () 

L.<>p,ical driYc> addre:;s 

Initiak request 
for drive 

O Clear request 
for drive 
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TABLE 2-3. SINGLE WORD TRANSFER, INPUT FUNCTIONS 

Qf 
Category A/Q Function Name Function 

Code 

Control and register Poll status 2 
read back 

Physical unit 1 
(confirm drive selected) 

Select acknowledge 3 
(drive selection reply) 

Cylinder address status 5 

Current physical sector 6 
status 

Sector and head status 7 
(last track address) 

Status Disk adapter 8 

Control unit D 

Drive status 1 E 
(test drive errors) 

Drive status 2 9 
(test drive ready) 

Drive fault c 

The drive request requests the drive from the 
controller/formatter when the alternate CPU is finished 
with it. 

A-register bits 0 through 3 specify the logical drive number. 
Bit 4 causes the request flag, in the controller/formatter 
associated with that logical drive number to be set or 
cleared. This flag can then be read by the alternate CPU 
via a poll command. 

Bit 5 = 1 clears the seek complete status bit for the logical 
drive number specified by A-register bits O through 3. Note 
that this status is also cl~ared by initiating any seek 
operation on the selected drive. 

Bit 6 = 1 clears the seek initiated status flag in the logical 
drive designated by AOO through A03. This rnay be used to 
establish initial controller/formatter conditions following a 
power on. Normally, seek-initiated status sets following a 
seek (load address) command and clears at seek end time. 

This command allows two_ CPU's to share drives, using the 
following software operations example: 

Through an initiate poll function, the requesting CPU 
determines that the drive it wants is busy performing a seek 
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A Register Input Operation 

Poll response Inputs drive request and seek condi-
tion status 

Physical drive number Inputs physical drive unit number of 
currently selected logical drive 

Logical drive number Inputs logical drive number and drive 
type status following a unit select 
function 

Cylinder address Inputs contents of drive interface 
cylinder address register 

Physical sector number Inputs physical sector number cur-
rently under heads of selected drive 

Sector and head address Inputs current contents of drive inter-
-

face sector/head register 

Drive interface status Inputs current drive interface status 

Controller/formatter Inputs current controller/formatter 
status_ status 

Drive status word 1 Inputs selected drive's basic error 
conditions 

Drive status word 2 Inputs basic status condition of 
selected drive 

Drive fault condition Inputs fa ult conditions of selected 
drive 

for the controlling CPU (the seek initiated status bit is set). 
The requesting CPU should then execute a drive request 
function with A04 equal to l (initiate request) and wait for 
the controlling CPU to release the drive. 

Before the controlling CPU initiates a direct memory access 
write or read operation, it polls the drive and finds its 
request flag from the alternate CPU set. Prior to starting 
the direct memory access operation, the controlling CPU, 
through use of a director function (code 8), may interrupt 
the requesting CPU and then initiate the specific direct 
memory access operation. At its completion, the controlling 
CPU does not initiate any new operations. Prior to exiting, 
it sets the drive request bit if it wants the drive back or 
clears the request bit if it does not want the drive back. 
Each drive request must be done on a per-drive basis. 

The drive interface accepts this command only if it is not 
busy and the controller/formatter is currently selected. 
Note that the drive request function does not select . the 
drive; it flags a request to the alternate drive interface, via 
the controller/formatter, for a drive that is currently in use. 
The drive request and poll functions must be used ·by both 
CPUs for determining channel and disk drive activity. 
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·rABLE 2-4. SINGLE WORD TRANSFER, OUTPUT FUNCTIONS 

A/Q Function Code 
Category A/Q Function Name Description of Operation 

QOO-Q03 AOO-A15 

Drive Reset t 8 0001 (hex) Clears all control, interrupt, and fault 
alarm conditions within the drive 
interface 

initialization 

Disk 
addressing 

Director function 

Drive request 

Initiate poll 
(sample channel activity) 

Unit select 
(select disk drive) 

Buffer length 
(load word count) 

Set first word address, 
lower (set beginning 
buffer address) 

Set first word address, 
uppert 

Status control t 
(selective status clettr) 

3 

0 

D 

E 

c 

Interrupt enable 
pointers 

Logical drive address 
and request flag 

Poll conditions and 
logical drive group 

Logical drive address 

Length of buffer 

Memory address of 
first data word 

Memory address most 
significant bits 

Enables/disables interrupts within the 
drive interface and transmits connect/ 
disconnect requests to the alternate 
drive interface and controller/formatter 

Flags a request for a drive to the alter­
nate drive interface via the controller/ 
formatter 

Queries what current channel activity, 
seek conditions, or active requests exist I for a group of logical drives 

Selects one of 16 logical drives 

Loads the drive interface buffer length 
register with the number of 16-bit words 
to be transferred. 

i Loads the lower 16 bits of memory address 
into the drive interface's current word 
address register 

Loads the upper two bits of 18-bit memory 
address into the drive interface current 
word address register 

Status conditions to I Selectively clears general and error status 
be cleared conditions as directed by bits 0 through 6 

Sector, head address 
(select track) 

.. I - - --~- --- --- ~~~d/se~:~r ad~~~s ___ I[ :~:=-~:e:~::~~~=;~~ and head ad:,~:-
into the drive interface head/sector 
register 

1---------11------------+---------------
Control, out 

Data 
handling 

Load cylinder address 
(seek) 

Return to zero t 
(home heads) 

c 

Cvlinder address 
;~\~...: 

008016 

Loads the desired cylinder address in the 
drive interface and.initiates a seek opera­
tion on the selected drive to that Address 

Returns the heads in the selected drive to 
cylinder address zero and clears seek 

Format write 
(zero track) 

1-0~0-0-----------+-:-:-ir_t~-:-,:-:-:-:-"-:·-e-le_c_t_e_d--tr_a,_c_k--(-e--r-·a--se_) ______ ---, 

I I :\ 0000 

1 

Initiates direct memory access write data 

i 

operation 

A 0080
16 

Initiates direct memory access write 
l truck address operation 

Write (data) 

Write (address) 

9 0000 I Read (data) I 

_J Read (address) i 
t------- ·--------·--.. ,, __ - __J__ -·- ---

9 008016 

Initiates direct memory Recess read data 
operation 

Initiates direct memory access read track 
address operation 

.. ----- ·-- ------- -------------
t Pseudo operation; subset of basic function 
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TABLE 2-5. INPUT/OUTPUT FUNCTIONS 

A/Q Function Code 
Category A/Q Function Name Mode Operation 

QOO-Q03 A00-A15 

Error Error correction code Out B Shift code Manipulates the error correction code register 
recovery control (shift error bytes per A-register bit 4 or 5 

correction code) 

Error correction code In B Error correction Inputs the error correction code byte condi-
condition status code byte tion status to the A register 

conditions 
~ 

Error correction code In A Error correction Inputs bits 11 through 18 of the error corre<?-
pattern code pattern tion code pattern to the A register 

Read recovery Out c '- Data strobe/ Outputs bits 8 through 15 of the strobe/offset 
control t head offset word from the A register 

Diagnostic Test write t Out A 0000 and buff er Loads the drive interface first-in/first-out 
test length= 0 (FIFO) buffer; outputs 64 sequential words 

starting from first word address in the CPU 
memory to the drive interface's FIFO 

Test read t Out 
I 

9 0000 and buff er Inputs the drive interface FIFO buff er into 
length= 0 64 sequential CPU memory locations starting 

I with first word address 

Select file address t Out E Drive interface Selects one of 16 internal file registers per 
file register bits 0 through 3 of the A register 

I 

address 

Read file In 0 Contents of Inputs the eight-bit selected file register to 
I selected file the A register 
I register 

Controller/formatter Out I F Test pattern Outputs the test pattern from bits 0 through 7 
echo output 

I of the :\ register to the controller/formatter 

Controller/formatter In F Test pattern Inputs the test pattern from the controller/ 
: echo input - formatter to A-register bits 0 through 7 

I Drive echo output Out 4 Test pattern Outputs the test pattern from bits 0 through 6 
(bit 7 equals 1) of the A register to the 

I selected drive 
I 
i 

I Drive echo input In 4 Test pattern Inputs the test pattern from the selected 
drive ti) bits O through 6 of the A register 

------
t Pseudo operation; subset of basic function 

·--·····------ .. -------·· . - .... . ·- .. -- -- -- . - -· - ··-·- ·- ----- --

PHYSICAL UNIT NUMBER 

Format: Input 
Function Code: 1 

Li 

Q \\'II 

11 111 j L " 

I-' ~ 0 

f} 

0 0 
l I 

15 8 i (; 5 ·I :~ 2 

.\ 00 000000 

Physical unit 'i selected 
Physical unit Ii selected 

Physical unit :; selected 
Physical unit I selected 

Physical unit ;3 selected 
Physical unit :! SC'lccted 

Physical unit I selected 
Physical unit ll selected 

(} 

I 
I 
I 
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The physical unit number senses the physical drive number 
of the selected logical unit. 

One bit is set in A-register bits 0 through 7 corresponding to 
the physical drive number of the logical drive unit currently 
selected. 

Logical addresses are assigned initially to each drive by the 
insertion of a logical address plug. Software can cross­
ref erence logical drive numbers against physical drive 
numbers by first executing a unit select (select logical unit) 
function (code 3) to one drive. Executing a physical unit 
number function then causes the physical unit number of 
that drive to be input to its corresponding A-register bit. 
This can be used within the operating system for error 
reporting when it is more desirable to log errors by physical 
drive number. 

Note that although the drive interface/controller/formatter 
is designed to interface a maximum of eight drives, the 
drives can have logical addresses assigned by a manually 
inserted logic plug anywhere within the range of 0 to F 
hexadecimal. 

INITIAL POLL 

Format: Output 
Function Code: 2 

15 11 

Q \\" () 

15 

A 

condition only 

Poll Condition 

IO 7 

E 

8 7 

00 - Alternate channel request 
01 - ID of last controlling CPU 
10 - Seek end condition 

6 4 3 

WJao 
Ii 5 4 :l 

11 - Seek initiated, seek end pending 

0 

0 1 ol 

2 0 

Drive address group 
0 ~. Logical units 0-7 
1 - Logical units 8-F 

The initial poll interrogates the controller/formatter's poll 
table for the requested condition. 

This function causes the drive interface to initiate a poll 
command to the controller/formatter. A-register bit 3 
specifies the group of drives being polled, and bits 4 and 5 
specify one of four possible poll conditions (see Poll Status 
below). 

The bit 7 force poll need be used only when the CPU does 
not de-select the controller/formatter following a load 
address (seek) command. This bit causes the control­
ler/formatter to poll the specified group (per bit 3) of eight 
drives for seek end conditions only and update its internal 
poll table. 

This function may be used to determine channel availability 
and drive activity in dual CPU configurations where time 
sharing of drives between CPU's must be contended with 
through software. Also, in single CPU with multiple drive 
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configurations, this function allows the software to 
discriminate seek end conditions occurring from more than 
one drive. 

The drive interface accepts this function if the 
controller/formatter is selected and the drive interface is 
not busy. Acceptance of this function causes the drive 
interface to become busy and remain busy until the poll 
status is available (40 microseconds nominal). 

After a poll, the initial drive unit selection is lost and must 
be re-established via the unit select function. 

POLL STATUS 

Format: Input 
Function Code: 2 

15 11 IO 

Q w,,o 

7 6 4 :1 0 

~o 

15 8 7 6 5 4 3 2 1 0 

A 000000 00 

0/8 t 
t/9 t 

2/A t 
3/nt 

4/C t 
5/Dt 

6/E t 
7/F t 

t Drive unit numbers and A-register poll bit assignments 

The poll status inputs the selected· drive's operational 
condition in response to the poll function. 

The group of drives selected by the poll function sets the 
assigned A-register bits to 1, if they satisfy the polled 
condition. The initiate poll function may specify drive 
group 0 through 7 or drive group 8 through F. For either 
case, their respective poll status is returned in A-register 
bits O to 7. 

The following are poll response conditions: 

o Controlling CPU ID (source usage) - If the drive's 
respective A-register bit in the returned poll status is 

. a 1, this drive was last selected by CPU 1. If the 
assigned A-register bit is a 0, the drive was selected by 
CPU 0. 

o Alternate channel request - If the drive's assigned 
A-register bit position of the poll status is set, it 
indicates a request for that drive from the alternate 
drive interface. 

o Seek end condition - If the drive's respective A-register 
bit in the poll status is set, it indicates that this drive 
has completed a previously requested seek operation. 
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• Seek initiated - When the assigned A-register bit is set, 
it indicates this drive is currently executing a requested 
seek operation. 

The poll status determines the channel and drive activity in 
a dual CPU configuration (see Initiate Poll above). 

An initiate poll output function must precede a poll status 
input command. If other intervening operations are per­
formed, requested information may be lost. 

UNIT SELECT 

. Format: Output 
Function Code; 3 

15 

Q \\':-0 

15 

11 10 7 6 4 3 0 

E 

4 3 0 

A~ 
"--.._--/ 

Logical drive address 

The unit select function selects the logical unit number. 

A-register bits 0 through 3 are used to select logical 
drives 0 through F hexadecimal. Executing this output 
function causes one of the ·following conditions to occur: 

• If the controller/formatter is already selected by this 
drive interface, the drive interface selects the drive 
specified by this function. 

• If the controller/formatter is not already selected by 
this drive interface, the drive interface initiates a 
controller/formatter select sequence only. A second 
unit select function must be initiated to obtain control 
of the desired drive. 

• If the controller/formatter is currently selected by the 
alternate channel, the drive interface performs the 
select sequence of the controller/formatter only, as 
soon as the controller/formatter is released by the 
alternate channel. 

Following completion of the select, the selected status is set 
and the selected interrupt is activated if it has been enabled 
previously. 

This command provides software with the capability of 
direct selection of logical drive units in a single CPU 
configuration. For dual CPU/drive interface configurations, 
see drive request, output function code 1, above. 

A unit select output function should be followed by a select 
acknowledge status input command. 

I 
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Although the storage module system supports a maximum of 
eight physical drives, they can be assigned any logical 
addresses of O through F (hexadecimal) as determined by 
their logical address plug (LAP). 

SELECT ACKNOWLEDGE STATUS 

Format; Input 
Function Code: 3 

15 

Q W=O 

11 10 7 6 4 3 0 

E 

15 H 7 (i 5 4 3 0 

A 00000000 

~ 
Drive density Logical drive 

address 
Drive speed Attention 

Verify drive unit selection. 

Logical Drive Address 

A-register bits 0 through 3 indicate the storage module disk 
logical address that responded to the unit select function. 
The program should check that these bits agree with the 
address that was output as part of the select command. 

Attention 

A-register bit 4 equal to 1 indicates that the heads have 
been unloaded and reloaded on the selected drive, resulting 
from a pack change or a fault condition. When the drive 
comes ready, attention stays set until reset by the clear 
attention function (code C). 

Drive Density 

When A-register bit 7 is a 1, a 400-tracks per inch (50-
megabyte) storage module disk has been selected; when it 
is 0, a 200-tracks per inch (25-megabyte} storage module 
disk has been selected. 

The input command allows the CPU to verify drive selection 
and determine drive unit characteristics. 

This status should be read following a unit select command 
and preceding any other input/output command; otherwise, 
the status may be lost in the drive interface. The drive 
interface accepts this input command if it is not busy; 
however, this status is only meaningful when preceded by a 
unit select command. 
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DRIVE ECHO OUTPUT 

Format: Output 
Function Code: 4 

15 

QI w~o 
11 10 

E 

7 G 4 3 0 

~o 1 0 

15 8 7 6 0 

A~1I I 
~-~~~-......... -~~~-/ 

Test pattern 

The drive echo outputs the test pattern to the selected drive 
unit. 

The drive echo output function is a diagnostic aid that 
allows the CPU to verify the bus-out and bus-in data paths 
between the controller/formatter and the drive. A-register 
bit 7 must be a 1 and bits 0 through 6 may be any binary 
data pattern. The data that is output via this function may 
be input and verified by the drive echo input function. 

The drive echo output function is a diagnostic test of the 
controller/formatter/drive data paths. 

This command, in conjunction with the corresponding input 
command, provides a functional verification of the 
command, status, and data paths between the drive 
interface, the controller/formatter, and the selected drive. 
Output data is transmitted to the drive, received, and 
echoed back to the drive interface. This test data may then 
be input to the CPU's A-register for verification by 
execution of a drive echo input command. 

First, each drive to be· echo-tested must have been selected 
by a unit select function. Additionally, the data paths 
between the drive interface and controller/formatter should 
have been verified through execution of the control­
ler/formatter echo input/output function. Upon confirma­
tion of the integrity of this path, the drive echo commands 
may be used with a reasonable degree of confidence. Note 
that a drive echo input command always must be preceded 
by a drive echo output command. 

DRIVE ECHO INPUT 

Format: Input 
Function Code: 4 

15 11 10 7 G 4 3 0 

Q W-=O E ~ 0 1 0 ol 
15 8 7 6 0 

Received test pattern 
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The drive echo input reads back the drive test pattern to 
A-register bits 0 through 7. 

This command allows the CPU to input the binary data 
pattern that was output to the drive via the drive echo 
output function. 

The drive echo input is a diagnostic test of the control­
ler/formatter/drive data paths. 

When used in conjunction with the drive echo output 
function, this command allows full echo checking of the 
command, status, and data paths between the drive 
interface, the controller/formatter, and the selected drive. 

The drive interface accepts this command if it is not busy; 
however, the input data is meaningful only when this 
command is immediately preceded by the drive echo output 
function. 

LOAD CYLINDER ADDRESS 

Format: Output 
Function Code: 5 

15 

QI w~o 

15 

11 10 

10 

A ~ 

E 

9 

i (j 4 :~ 0 

~ 0 0 11 

0 

Cylinder address 

The load cylinder address loads the cylinder address register 
and initiates a seek. 

The cylinder address register in the drive interface is first 
loaded from A-register bits 0 through 9; a s.eek command to 
that address is then issued to the selected drive. 

The load cylinder address positions the selected drive's heads 
to the desired cylinder address in preparation for track and 
sector selection. 

Absolute addressing is used. 

The drive interface accepts this command only if it is not 
busy and the controller/formatter is currently selected. 

CYLINDER ADDRESS STATUS 

Format: Input 
Function Code: 5 

15 

Q \\'. () 

11 1 () 

E_ 

7 (j 4 ;3 0 

~ 0 1 
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15 10 9 

A O 0 0 O 0 O Drive interface's address 
register contents 

0 

The cylinder address status inputs the cylinder address 
register contents to A-register bits 0 through 9. 

Following a load cylinder address function, the cylinder 
address status is the same as the address that was issued by 
that function, irrespective of the true cylinder address of 
the currently selected drive. Following an RTZ (return-to­
zero) seek function, the cylinder address status is set to 
zero. 

Determine the cylinder address of the drive, specifically the 
final address . following completion of a direct memory 
access read or write function. 

The drive interface will not accept this input command 
while it is busy; for example, during a read or write 
operation. Following completion of a read or write data 
operation, this status represents the last cylinder address 
operated on. 

Care must be taken when attempting to determine the true 
cylinder address status of a drive. This is particularly true 
when doing overlapped seek operations. Following a series 
of load address commands to different drives, the cylinder 
address register contains the same information that was 
issued as part of the last load address function. For this 
case, one way to determine a drive's current cylinder 
address is to initiate a read address function, and then 
compare the information transmitted to memory with the 
expected address. Another method is to initiate the desired 
read data command, and then check the cylinder address 
status at its completion. 

FORMAT WRITE 

Format: Output 
Function Code: 6 

15 

Q 

lG 
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11 1 (I 7 

F. 

(j 4 :J 0 

~ 0 1 1 ol 

(I 

The format write erases a selected track. 

This function causes the controller/formatter to write 
zeroes beginning at the index mark of the previously 
specified track. The format write operation is terminated 
upon detection of the next index mark. 

No data is transferred between the CPU and the drive 
interface. The format write command is a one-track 
operation, and upon completion, the drive interface clears 
the busy status bit and sets the transfer complete status. 

This command is required for pack initialization and setting 
up the proper head gaps and synchronous patterns. 

Note that a format write destroys any data or address 
information previously recorded on the track. 

The drive interface accepts this command if the control­
ler/formatter is selected and the drive interface is not busy. 

CURRENT SECTOR STATUS 

Format: Input 
Function Code: 6 

15 

Q W-oO 

JG 

A 0 0 0 0 

11 ](I 

F 

0 0 0 0 

'j fi 4 :1 0 

~ 0 

7 (j 0 

01 
\. - ) 

Current sector address 

The current sector status inputs the current physical sector 
number. 

This input command causes the number of the current 
physical sector under the read/write heads of the selected 
drive to be input to the CPU A-register. 

The current sector status allows software to perform 
rotational position sensing. 

The drive interface accepts this command only if it is not 
busy and the controller/formatter is currently selected. 
Note that sectors are numbered consecutively from 0 to N 
beginning at the index mark. N is one less than the total 
number of sectors (dependent upon the sector plug installed 
in the drive) per track, for example, 64 sectors numbered as 
sectors 0 through 63. 

96761300 A 



SECTOR AND HEAD ADDRESS 

Format: Output 
Function Code: 7 

15 

Q w~o 

15 

A 0 0 0 0 

11 1 () 

11 l (} 

7 () 4 

E ~ 
H 7 Ii 

I 0 I 

3 0 

0 1 1 
1 I 
0 

"-----' -----~----
Head 
select 

Sector address 

The sector and head address function loads the drive 
interface's sector/head address register. 

The desired sector number (maximum of 128) is set in 
A-register bits 0 through 6 along with the head select code 
in A-register bits 8 through 10. Upon execution, the 
A register is output to the drive interface's sector/head 
address register, and a head select command is issued to the 
selected drive. 

This function, preceded by a load cylinder address function 
(code 5), provides electronic positioning of the selected 
drive's head for a specific track and sector access. A direct 
memory access read or write data operation may then be 
initiated. 

The drive interface accepts this command only if it is not 
busy and the controller/formatter is currently selected. 

Selection of the sector and head address should be 
considered part of the direct memory access read or write 
operation and not part of the load address/seek operation. 

For direct memory access read or write address functions, 
the sector address field in the A register is ignored, since 
the data transfer always starts from the index mark that 
precedes physical sector number O. 

. SECTOR AND HEAD STATUS 

Format: Input 
Function Code: 7 

1;) 

Q w~o 

15 

11 

11 

A O O O 0 0 

1 (I 

F. 

10 8 

Head 

Last sector of this track flag 
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7 () 4 :3 0 

~ 0 1 1 II 
7 G 0 

Sector address 

The sector and head status input command causes the sector 
and head address status to be input to the CPU's A register 
as shown above. Following a sector and head output 
function, the sector and head status is the same as that 
issued as part of the output function. Following an RTZ 
seek function, the sector and head status is set to O. ' 

If bit 7 of this status word equals a 1, this sector is the last 
logical sector of the track. This was established by soft ware 
at the time the track was originally formatted with a write 
address function. 

Determine the sector/head that was last addressed by 
software or the last sector/head address referenced for 
data. 

The drive interface will not accept this input command 
while it is busy (i.e., during a read or write operation). 
Following completion of the read or write data operation or 
the occurrence of any error causing termination, this status 
represents the last head and sector address that was 
operated in. For current sector status, refer to input 
function code 6. 

DIRECTOR FUNCTION 

Format: Output 
Function Code: 8 

A 

15 10 9 8 7 6 5 4 

Interrupt alternate 
drive lnterfact! 

Force alternate 
channel disconnect 

Request alternate 
channel release 

Release controller/ 
formatter 

O = Disable (lockout\ 
1 = Enable (allow) the 

Interrupt per bits 
A02-A04 

2 1 0 

Clear drive 
Interface 

Clear 
Interrupts/ enables 

Interrupt condition selector: 
000 - Not used 
001 - Controller/formatter 

selected 
010 - Direct memory access 

transfer complete 
011 - Alarm interrupt 
100 - Seek complete 
101 - End of cylinder 
110 - Alternate drive 

Interface Interrupt 
111 - Not used 

The director function sets up the interrupt mask in the drive 
interface and provides channel control to the control­
ler/formatter per A-register bits 6 through 9. 
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Clear Drive Interface 

The AOO = 1 function bit clears all controls, interrupt 
requests, interrupt responses, and alarm conditions within 
the disk adapter. The controller/formatter is de-selected. 

Clear Interrupts/Enables 

The AOl = 1 function bit clears all interrupts, resets the 
interrupt mask register, and disables all further interrupts. 

A02 through A04 Interrupt Condition Selector Code 

All storage module system conditions that result in the 
generation of an interrupt to the CPU may be selectively 
enabled or disabled. Each interrupt condition is individually 
selected, as required, by the following codes placed in 
A-register bits 2 through 4 and accompanied by an A/Q 
director function. Note that a clear drive interface function 
(AOO = 1) or a clear interrupt function (AOl = 1) disables all 
the conditions from causing interrupts but still allows the 
condition to set its respective status bit. 

A02 through A04 = 001. When the controller/formatter is 
selected, this interrupt enable allows the drive interface to 
generate an interrupt to the CPU whenever the control­
ler/formatter is first selected by this drive interface. 

A02 through A04 = 010. When the direct memory access 
transfer is complete, this interrupt enable allows the drive 
interface to generate an interrupt to the CPU when it has 
completed a data transfer with the selected drive for a read 
data, write data, read address, write address, -or format 
write operation. 

A02 through A04 = 011. The alarm interrupt enable allows 
the drive interface to generate an interrupt to the CPU 
when any alarm condition exists. Refer to Alarm Conditions 
at the end of this section. 

A02 through A04 = 100. The seek complete interrupt enable 
allows the drive interface to generate an interrupt to the 
CPU when any one of the drives selected by this drive 
interface has completed a seek operation. A seek end 
condition occurs for every load address function, RTZ seek 
function, or head position offset function. 

A02 through A04 = 101. The end-of-cylinder interrupt 
enable allows the drive interface to generate an interrupt to 
the CPU when a data or address read or write operation 
attempts an access beyond the last sector of the last track 
on the selected drive. 

A02 through A04 = 110. The alternate drive interface 
interrupt enable allows the drive interface to generate an 
interrupt when it is interrupted by the alternate drive 
interface in a dual CPU configuration. 

2-14 

A05 = 1, Enable/Disable Interrupts 

If A-register bit 5 equals 1, the drive interface is allowed to 
interrupt the CPU for the condition selected by bits A02 
through A04. If A-register bit 5 equals 0, the interrupt, as 
selected by A02 through A04, is locked out (disabled). 

Release Controller/Formatter 

A-register bit 6 equal to 1 causes the drive interface to 
disconnect from the controller/formatter, thereby allowing 
the alternate channel to gain access or to allow the 
controller/formatter to poll for seek end conditions. 

Request Alternate Channel Release 

A-register bit 7 equal to 1 causes the controller/formatter 
request status bit to be set in the alternate channel'!} 
controller/formatter status word. It is used to request the 
alternate channel to release the controller/formatter. 

Force Alternate Channel Disconnect 

A-register bit 8 equal to 1 forces the alternate drive 
interface to unconditionally release control of the disk 
subsystem. If a data transfer is in progress, it is terminated 
as soon as the controller/formatter recognizes the force 
release operation. The controller/formatter is not selected 
by this drive interface, however, until a unit select 
command is first issued. 

This function bit must be used cautiously, since the 
termination of the alternate channel is not well controlled. 
The primary application of this function bit is to force the 
alternate channel to release when it is determined that the 
alternate drive interface is otherwise unwilling or unable to 
release due to some error condition or hardware failure. 

Interrupt Alternate Drive Interface 

A-register bit 9 equal to 1 causes the drive interface to 
generate an interrupt signal to the alternate drive interface 
in a dual CPU configuration. 

A 10 through A 15 

Not used 

The drive interface accepts a director function command at 
any time. 

96761300 A 



DRIVE INTERFACE STATUS 

Format: Input 
Function Code: 8 

Iii I 1 JO 7 G 4 :J 

Q I \\. o i-: ~ 1 o o ol 

A 

Seek completed 
End of cylinder 

Alternate drive Interface Interrupt 
Protected 

Lost DMA data 

Controller/formatter error 
Address field 

A-register bit 0 equal to 1 indicates that the drive interface 
and/or controller/formatter is presently involved in the 
performance of a previously requested operation. The busy 
status is set when the drive interface accepts any read or 
write operation, a format write command, or a seek or an 
initiate poll command. Busy is cleared when the operation is 
completed, no longer involves the drive interface, or an 
abnormal condition is detected that aborts the operation. 
Busy also is cleared by a clear drive interface command 
(director function and A-register bit 0 equals 1). Refer to 
Programming Aids and Considerations at the end of this 
section for additional information on drive interface busy 
status. 

Interrupt Active 

A-register status bit 1 equal to 1 indicates that a selected 
interrupt condition has occurred. Status bits A02, A03, A04, 
A05, A06, and A07 define the interrupt that occurred. The 
interrupt status bit is cleared by a clear drive interface or 
an interrupt condition selection director function with 
A-register bit 5 equal to 0. 

Controller/Formatter Selected 

A-register status bit 2 equal to 1 indicates that the control­
ler/formatter is currently selected by this drive interface. 
It is set following completion of the controller/formatter 
select sequence. This bit is cleared by a clear drive 
interface command or a release command (director function 
and A-register bit 0 or 6 equals 1). 
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Transfer Complete 

A-register status bit 3 equal to 1 indicates that the drive 
interface has completed a format write, read data, write 
data, read address, or write address operation. Setting this 
bit coincides with clearing of busy status. The transfer 
complete status bit is cleared by a clear drive interface, 
clear interrupt director function, or another read or write 
command. 

Alarm Interrupt 

A-register status bit 4 equal to 1 indicates that one or more 
of the following abnormal conditions has been detected by 
the drive interface: 

Lost direct memory access data 

Forced disconnect 

Memory address error 

Direct memory access parity error 

Protect fa ult 

Controller/formatter error 

The error condition detected is indicated by A-register 
status bits 9 through 14. The alarm status bit is cleared by a 
clear drive interface or clear interrupt director function. 

Seek Completed 

A-register status bit 5 equal to 1 indicates that one or more 
drives has completed a seek operation that was requested 
from this drive interface. Following a seek end condition, 
the CPU should initiate a polling operation to determine 
which drive has completed the seek. The seek end status bit 
is cleared by a clear drive interface or clear interrupt 
director function. 

End of Cylinder 

A-register status bit 6 equal to 1 indicates that the data or 
address read or write operation has been suspended, because 
it extends beyond the last sector of the last track of the 
current cylinder on the selected drive. When the drive 
interface detects this condition, the data transfer is 
terminated, and the busy status is cleared. Since the buffer 

\. length register (word count) does not equal zero, the 
· transfer complete status bit is not set. In order to continue 
the information transfer, cylinder boundaries must be 
crossed. This can be accomplished by issuing a seek 
command. After repositioning the heads to the next 
cylinder address and setting the desired sector and head 
address, another read or write command may be issued. The 
end-of-cylinder status bit is· cleared by a clear .drive 
interface or clear interrupt director function. 

2-15 



Alternate Drive Interface Interrupt 

A-register status bit 7 equal to 1 indicates that the drive 
interface was interrupted by the other drive interface in a 
dual CPU configuration. This status is only true if this 
interrupt is enabled prior to receiving the interrupt signal 
from the other drive interface. The alternate drive 
interface interrupt status bit is cleared by a clear drive 
interface or clear interrupt director function. 

Protected 

A-register status bit 8 equal to 1 indicates that the drive 
interface program protect jumper is in and is therefore 
operating in a protected mode. 

Lost DMA Data 

A-register status bit 9 equal to 1 indicates that the CPU's 
direct memory access channel was unable to keep up with 
the information transfer rate of the controller/formatter 
and disk drive. Detection of this error causes the read or 
write operation to terminate at the end of the current 
sector. The lost data status bit is cleared by a clear drive 
interface director function. 

Forced Disconnect 

A-register status bit 10 equal to 1 indicates that the 
alternate channel has executed a force release function. 
The force release function causes this drive interface to 
disconnect from the controller/formatter, allowing the 
alternate channel to gain access. Any operation in progress 
is terminated immediately. The forced disconnect status bit 
is cleared by a clear drive interface director function or a 
controller/formatter select command. 

Memory Address Error 

A-register status bit 11 equal to 1 indicates that the drive 
interface has attempted to address a nonexistent- CPU 
memory location (i.e., beyond the system memory available) 
during a read or write data or address operation. Detection 
of this error causes the read or write operation to terminate 
at the end of th,e current sector. The memory address error 
status bit is cleared by a clear drive interface or clear 
interrupt director function. 

DMA Parity Error 

A-register status bit 12 equal to 1 indicates that the drive 
interface has received a parity error signal from the CPU 
direct memory access channel. Detection of this error 
causes the operation to terminate at the end of the sector 
being operated on. The direct memory access parity error 
status bit is cleared by a clear drive interface or clear 
interrupt director function. 

Protect Fault 

A-register status bit 13 equal to 1 indicates that an 
unprotected drive interface operation attempted to write 
into a protected CPU memory location. The memory 
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inhibits the attempted write. This error causes the 
operation to terminate at the end of the sector being 
operated on. The protect fault status bit is cleared by a 
ciear drive interface or clear interrupt director function. 

Controller /Formatter Error 

A-register status bit 14 equal to 1 indicates that the disk 
adapter has detected an abnormal condition during a 
command sequence or data transfer operation with the 
controller/formatter. To determine the error condition, the 
CPU must read drive interface and/or controller/formatter 
status. The controller/formatter error status bit is cleared 
by either a clear drive interface director function or clear 
interrupt director function. 

Address Field 

When the drive interface is performing a read or write 
operation, A-register bit 15 equal to 1 indicates that the 
drive interface is currently operating in the address field of 
a sector. For other operations, or when the drive interface 
is not busy, this bit indicates that the last drive interface 
read or write operation was performed on the sector address 
field. 

The drive interface accepts a drive interface status function 
at any time. · 

DISK READ 

Format: Output 
Function Code: 9 

J;) 

Q w.,.o 

15 

11 Ii• . 

I E 

Ii ·1 :s 

~ 0 0 

(j 

(I 

Head address 
Head data 

(I 

I I 
0 

This function causes the drive interface to initiate an 
information transfer from the selected drive to CPU 
memory only if the drive interface's buff er length register 
contents are initially nonzero. The actual information to be 
read is determined by A-register bit 7. 

In the case of a read address function (A07 = 1), the drive 
interface reads the first five words (address field) per 
physical sector beginning at the index mark of the previously 
specified track. The total number of address fields that is 
read is a function of the buff er length register contents. 

For a read data function (A07 = 0), the number of data words 
within a sector is determined by the drive interface from 
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the length bytes word in the address field of that sector. 
The transfer begins at the previously specified cylinder, 
head, and logical sector address. 

Previously, the buffer length register within the drive 
interface was loaded with a nonzero word length by the load 
buff er length function, and the first word address was loaded 
by the set first word address, lower and upper functions. 
When the data transfer begins, the first word address is 
incremented in the current word address register, and the 
buffer length register is decremented as each word is 
transferred to the CPU's memory. 

When the buff er length register finally equals 0, the drive 
interface ends the information transfer to CPU memory, 
clears the busy status, and sets the transfer complete 
interrupt and status bit. If the data or address information 
transfer ends within a sector, the drive interface continues 
reading to the end of the sector. The controller/formatter 
then determines if the error correction code word is correct. 
If the transfer extends beyond the last sector in a cylinder, 
the drive interface suspends the data transfer, clears the 
busy status, sets the end of cylinder status bit, and if 
allowed, interrupts the CPU. The program may continue the 
data transfer by repositioning the heads, setting the desired 
sector and head address, and issuing another direct memory 
access read command. If information transfer is attempted 
beyond the last cylinder in a file, a drive seek error occurs. 

The drive interface accepts this function if it is not busy and 
the controller/formatter is selected. 

The drive interface becomes busy upon acceptance of this 
function and remains busy until the end of the last sector 
operated on, until the end of cylinder condition is detected, 
or until an alarm condition is detected. 

Note that a read operation may be as small as one CPU word 
or as large as one cylinder, depending on the specified buff er 
length and the starting head and sector address. Refer to 
Alarm Conditions at the end of this section for additional 
information related to this function. 

TEST MODE READ 

Format: Output 
Function Code: 9-1 

1;) 11 1 II 7 (j 4 :J 0 

Q IL... __ \\._·_.,.u _ __.,____i-: __ ~.___ ___ 1_0_0_1 I 
15 0 

\~ 

The test mode read function reads the drive interface's 
64-word buffer into the CPU's memory. 
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Any direct memory access read function initiated with the 
buff er length register containing 0 causes the drive inter­
face to transmit the 64 words stored in its first-in/first-out 
buffer memory to the CPU memory starting at the address 
specified by the first word address register. Effectively, 
this operation causes the drive interface to echo back the 64 
data words written into the first-in/first-out buffer memory 
by a test mode write command. When the transfer is 
complete, the drive interface busy status is cleared and the 
transfer complete status is set. 

See Test Mode Write below (function code A-1). 

A test mode write operation must precede a test mode read 
operation. 

If other operations are performed between a test mode 
write/read sequence, the data contained in the drive 
interface's buff er can be altered. 

DRIVE STATUS 2 

Format: Input 
Function Code: 9 

15 

Q W=-0 

11 10 7 () 4 :1 

E 

15 () 5 4 3 2 

On cylinder 
Unit ready 

Off set active 
Check fault status 

0 

0 

This command inputs the currently selected drive's 
operational status to the CPU A register. 

Check Fault Status 

A-register bit O equal to 1 indicates that there is one or 
more bits set in the drive fault status word (see Drive Fault 
Status, function C, below). 

Offset Active 

A-register bit 1 equal to 1 indicates that the head position is 
offset plus or minus from the nominal head position on the 
currently selected drive. Write operations are not permitted 
on drive units with heads in an offset condition. ' 

Unit Ready 

A-register bit 4 equal to 1 indicates that the drive is up to 
speed, the heads are loaded, and no fault condition exists 
within the storage module disk. 
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On Cylinder 

A-register bit 5 equal to 1 indicates. that the heads are 
stationary (i.e., not seeking) at the previously specified 
cylinder address. 

The drive status 2 function allows a quick program check of 
the selected drive's basic status conditions. 

This status is valid any time following the unit select 
command. 

DISK WRITE 

Format: Output 
Function Code: A 

15 

Q w~o 

11 1 () 7 G 4 :l 0 

~I 0 1 

lG S 7 fi 0 

A~~ 
0 Write data 

This function causes the drive interface to initiate an 
information transfer to the selected drive only if the drive 
interface's buff er length register contents are initially 
nonzero. The type of information to be written on the disk 
is determined by this command's A-register bit 7. 

In the case of a write address function (A07 = 1), the drive 
interface writes five words (from CPU memory) per physical 
sector beginning at the index mark of the previously 
specified track. 

For a write data function (A07 = 0), the number of words 
written per sector (from CPU memory) is determined by the 
drive interface from the length bytes word in the address 
field of that sector. 

The total words transferred to the file from memory for 
write address or data operations is a function of the buff er 
length register's contents. The transfer begins at the 
previously specified cylinder, head, and sector address. 

The write address and write data commands operate in 
basically the same manner as the read address and read data 
commands. The principle difference is that if the informa­
tion transfer ends within the address or data field of a 
sector, the drive interface fills the remainder of the address 
or data field with O's and then causes the seven error 
correction code bytes to be written as the final data. 

The drive interface accepts this command only if it is not 
busy and the controller/formatter is currently selected. A 
write operation may be as small as one CPU word or as large 
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as one cylinder depending on the specified buff er length and 
the starting head and sector address. 

Additional information relating to the direct memory access 
write function is contained under Alarm Conditions and 
Programming Aids and Considerations at the end of this 
section. 

TEST MODE WRITE 

Format: Output 
Function Code: A-1 

15 11 1 (I 

15 

7 (j 4 :J 0 

0 

A~ 

The test mode write function loads the drive interface's 
64-word first-in/first-out buffer from the CPU's memory. 

Any direct memory access write function with the initial 
buff er length specified as 0 causes the drive interface to 
transfer 64 words from CPU memory starting at the address 
(first word address) specified by the current word address 
register. This data is stored in the drive interface's 64-word 
first-in/first-out buffer memory. When this transfer is 
complete, the drive interface busy status is cleared and the 
transfer complete status is set. Data is not transferred to 
the controller/for matter during this operation. 

The test mode write function has a self-test and diagnostic 
capability. 

The program may check the input data against that output 
through execution of a test mode read function, plus check 
several error conditions through sampling interrupts and 
status. 

Note that between the test mode write and read commands, 
a clear drive interface director function must not be issued 
since it causes the data in the first-in/first-out buff er 
memory to be destroyed. 

ERROR CORRECTION CODE PATTERN 

Format: Input 
Function Code: A 

15 

Q \\" 0 

11 1 () 7 G 4 

E 

3 0 
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15 8 7 6 5 4 3 2 1 0 

A 

PO bit 16 
PO bit 15 

PO bit 14 
PO bit 13 

PO bit 12 
PO bit 11 

This function inputs the error correction code pattern (error 
burst) and the controller/formatter's PO-register bits 11 
through 18 to A-register bits 0 through 7. 

Following detection of an error correction code error 
through the program status of the controller/formatter­
drive interface, this function is used as part of a software 
error correction routine for possible correction of disk read 
data. Refer to the FA7A8/FA727 SMP Control­
ler/Formatter Hardware Maintenance Manual for additional 
information. 

The drive interface accepts this command only if it is not 
busy and the controller/formatter is currently selected. 

ERROR CORRECTION CODE CONTROL 

Format: Output 
Function Code: B 

15 

Q W=O 

11 1 () 7 G 4 :3 

F. ~! 
() 

0 1 

15 R 7 6 5 4 3 0 

A 0 0 0 0 

10 Shift PO register 
01 -· Shift Pl, P2, P:l registers 

The error correction code control function causes the 
controller/formatter to shift its error correction code 
polynomial registers as defined by A-register bits 4 and 5. 

Upon detection of an error correction code error, this 
command is used as part of the software error correction 
algorithm to determine the error position within the data 
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stream. Refer to the FA 7 AS/FA 727 SMD Format­
ter/Controller Hardware Maintenance Manual for additional 
information. 

The drive interface accepts this command only if it is not 
busy and the controller/formatter is currently selected. 

ERROR CORRECTION CODE CONDITION STATUS 

Format: Input 
Function Code: B 

15 

Q W=O 

15 

A 

11 10 

E 

8 7 6 5 4 3 2 

Pou Io 
Pl J POL 

Pl I POL or parity unequal 
P2 /POL 

P2 I POL or parity unequal 
P3 /POL 

P3 I POL or parity unequal 

POL I 0 

0 

This function inputs the error correction code polynomial 
register relationships to the A register. 

This input command causes the error correction code 
condition status to be input to the CPU A register. The 
controller/formatter's PO lower register· (bits 0 through 10) 
is compared against the Pl, P2, and P3 registers for an all 
zero or all nonzero condition. The results of that 
comparison are reflected in A-register bits O through 7. 

Upon detection of an error correction code error, the 
software error correction algorithm uses this input function 
following polynomial register manipulation by the error 
correction code control function 

The drive interface accepts this command only if it is not 
busy and the controller/formatter is currently selected. 

STATUS CONTROL 

Format: Output 
Function Code: C 

Q w-o 

11 1 (I 7 (j 4 () 

1 0 
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15 7 6 5 4 3 2 1 0 

A 0 0 O O 0 O O O 

Must be zero (refer to 
output function code C-1) 

Return-to-zero (see function 
code C-1) 

Clear attention flag 
Clear check fault status bit 

Clear fault status 
Clear read recovery 

Clear drive status 1 
Clear controller/formatter status 

Clear status words, conditions, and flags. 

Clear Controller/Formatter Status 

A-i;:egister bit 0 equal to 1 causes the controller/formatter 
status to be reset to 0. 

Clear Drive Status 1 

A-register bit 1 equal to 1 causes the drive status 1 word to 
be reset to 0. 

Not used 

Clear Read Recovery 

A-register bit 3 equal to 1 causes the head position offset 
and timing strobe early/late conditions to be reset to their 
normal values (see Read Recovery, code C-1, below). 

Clear Fault Status 

A-register bit 4 equal to 1 causes the drive fault status word 
to be reset to 0. 

Clear Check Fault Status Bit 

A-register bit 5 equal to 1 causes the check fault status bit 
within the drive status 1 and 2 words to be reset. 

Clear Attention Flag 
? 

A-register bit 6 equal to 1 causes the attention bit within 
the select acknowledge status word to be reset. 
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Return-to-Zero 

A-register bit 7 equal to 1 is used to command a return-to­
zero seek on the selected drive. Additionally, the cylinder, 
head, and sector address registers within the disk adapter 
and any drive offset conditions are cleared. 

The status control function provides selective clearing of 
fault, status, and control flags. 

The drive interface accepts this command only if it is not 
busy and the controller/formatter is currently selected. 

READ RECOVERY 

Format: Output 
Function Code: C-1 

1;) 11 Io 7 (j fl 

Q--~~-·-o~~-'-.. ~-~~--------1~_c_,_o_I 

A 

15 14 13 12 11 u 

o o o o " ., " .i o o o o I 
\ I 

Refer to o~put function 
code C 

Away from spindle) llead offset 
Toward spindle direction 

Late 
Early ) Data strobe ti ming 

The read recovery function allows soft ware control of the 
drive head position offset and read timing strobe as defined 
by A-register bits 12 to 15. If any of these control bits are 
set, the lower 12 bits of the A register are ignored. 

The offset and timing conditions are maintained within the 
drive until altered via this command or cleared via bit A03 
of the status control function or until any seek operation is 
initiated. 

The read recovery function is intended to be an aid in 
recovering marginal data. 

The drive interface accepts this command only if it is not 
busy and the controller/formatter is currently selected. The 
head offset or the R TZ seek function operate like any other 
seek command and result in the normal seek end conditions 
at completion. A head offset results in a delay of on­
cylinder and seek end status for a period of 3.2 millisecond 
maximum (2.7 millisecond nominal). The maximum time for 
the heads to move from forward to reverse offset or vice­
versa does not exceed 7 milliseconds. Data may not be 
written while in the offset mode. 
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DRIVE FAULT STATUS 

Format: Input 
Function Code: C 

__) 

15 11 10 7 G 4 3 0 

Q \\' -o 

15 8 7 6 5 4 3 2 1 0 

A 0 0 0 0 0 0 0 0 

Head select fault 

W+R off cylir.der 
W• R fault 
Voltage fault 

Head select fault 
Seek error 
Write protect 

The drive fault status function inputs the selected drive's 
fault condition status to the A register. 

Write Protect 

A-register bit 0 equal to 1 indicates that the selected drive 
is write-protected. It is set when head alignment main­
tenance is being performed during fault conditions that 
inhibit the writer or when write protection is purposely 
enabled on the drive. 

Seek Error 

A-register bit l equal to 1 indicates that a seek error 
condition has occurred due to any of the following: the 
drive was unable to complete a head move within 500 
milliseconds, the carriage has moved to a position outside 
the recording field, or a cylinder address greater than the 
physical maximum for the selected drive. A seek error may 
only be cleared by a return-to-zero command (function 
code C) that returns the heads to cylinder zero and sets the 
on-cylinder status signal to the drive interface. 

Head Select Fault 

A-register bit 2 equal to 1 indicates that more than one 
head has been selected. Detection of this fault inhibits disk 
write operations on this drive. 

Voltage Fault 

A-register bit 3 equal to 1 indicates a below normal voltage 
is or was present for either positive or negative voltages. 
Detection of a voltage fault inhibits writing and generates 
an automatic retraction of the heads. 
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W·R Fault 

A-register bit 4 equal to 1 indicates that the drive's write 
gate logic is on at the same time as its read gate. Detection 
of this fault inhibits write operations on this drive. 

W + R Off Cylinder 

A-register bit 5 equal to 1 indicates that a read or write 
operation has been attempted, and the heads were not on 
cylinder. Detection of this fault inhibits write operations on 
this drive. 

Write Fault 

A-register bit 6 equal to 1 indicates the loss of write 
current at the heads. The circuitry employs a fault 
technique to detect if the head coils are shorted or open. 
Detection of this fa ult inhibits writing. 

Head Select Fault 

A-register bit 7 equal to l indicates that a head select 
address greater than four has been requested. 

The program normally, upon detecting the check fault status 
flag in the drive status word 1 (bit 5) or drive status word 2 
(bit 0), issues this command for definitive error information. 

The drive interface accepts a drive fault status input 
command if the controller/formatter is selected and the 
drive interface is not busy. 

SET FIRST WORD ADDRESS, LOWER OR UPPER 

Format: Output 
Function Codes: D and E 

15 11 10 7 G 4 :1 0 

Q I ~ I 
SET LOWER 

\\'=O E l 1 O l (function 

'-------'-----___.-'--'~-""--~------' code D) 

15 0 

A First word address, least sigr;ificant lG bits 

15 11 10 7 (j 4 3 0 

Q l _____ __._ _____ ..... ~~-~_.......___ ___ ~I SET UPPER W=O E 1 1 (function 
code E) 

15 2 1 0 

AOOOOOOOOOOOOOO 

Select file address, sec function code E-1 

First word address, most significant two bits 
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The set first word address, lower or upper, function loads 
the drive interface's current word address register with the 
first data word's main memory address (first word address). 

The A-register bits, O through 15 for a set lower function 
and bits 0 and 1 for a set upper function, collectively 
contain the starting address in the data buffer area main 
memory. The set upper and lower functions cause their 
respective A-register bits to be output to the 18-bit current 
word address register in the drive interface. 

The set first word address, lower or upper, function is used 
to initialize the drive interface to prepare for initiating a 
direct memory access read/write address or data function 
(function codes 9 or A). 

Upon receiving a disk read or write command, the contents 
of the drive interface's current word address register points 
to the first main memory address (first word address) where 
the data transfer between the disk and memory must begin.-

The set upper function must be used to load the drive 
interface's current word address register when accessing 
memory sizes above 65K (FFFF 16). This allows the drive 
interface to directly address up to 256K (3FFFF 

16
) of 

memory. 

The set upper function (function code E) is a dual command. 
The field of A-register bits 0 through 3 and 7 through 15 are 
used by the select file function (code E-1) within the drive 
interface to enable reading or writing into 1 of 16 file 
registers. 

Note that only the upper two bits of the cur~ent word 
address register are set to O with a master clear or clear 
drive interface function command. 

CONTROL UNIT STATUS 

Format: Input 
Function Code: D 

lG 11 ]() 7 (j 4 :3 

QI \\' () E ~! 

A 

15 

0 

8 7 6 

0 0 0 0 0 0 0 

Interface parity error 
Drive status error 

Power failure 

5 4 

Command sequence/overrun error 
Controller/formatter instn1ction 
exe~ution incomplete 

3 

ECC error 

1 0 

2 1 

Lost data/parity error 
Controller/formatter request 

0 

I I 
0 

The control unit status function inputs the control­
ler/formatter status to. the A register. 
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Controller/Formatter Request 

A-register bit 0 equal to 1 indicates that the alternate 
channel (another CPU via its associated drive interface) has 
requested this CPU/drive interface to release control of the 
controller/formatter. 

Lost Data/Parity Error 

A-register bit 1 equal to 1 indicates that a data byte has 
been lost due to improper synchronization of the sync-in and 
sync-out control signals between the drive interface and 
controller/formatter during a read or write operation or that 
the controller/formatter has detected a parity error within 
the error correction ,code bytes during a read or write. 

ECC Error 

A-register bit 2 equal to 1 indicates that the control­
ler/formatter has detected an error correction code error on 
a read data, read address, or write data (during the drive 
interface's internal read of the sector address field) opera­
tion. If the error occurred while reading the sector address 
field, drive interface status bit A15 also is set. 

Controller/Formatter Instruction 
Execution Incomplete 

A-register bit 3 equal to 1 indicates that the control­
ler/formatter has gone into a default condition caused by 
the controller/formatter failing to generate a normal end or 
check end interface- signal to the drive interface within 50 
millisecond after receiving an input/output command. 

Command Sequence/Overrun Error 

A-register bit 4 equal to 1 indicates that a read or write 
gap B (data field) command has been received at the 
controller/formatter without a prior read gap A (address 
field) command for that sector. This error indicates an 
internal drive interface or controller/formatter command 
decode problem. 

This bit may also indicate that a read or write address or 
data command was received too late with respect to sector 
gaps A and B timing. This error probably indicates a drive 
interface malfunction. 

Power Failure 

A-register bit 5 equal to 1 indicates that the control­
ler/formatter has detected a low voltage condition. If the 
drive interface/controller/formatter is transferring data or 
processing any input/output command, the operation 
terminates immediately upon detection of the power failure 
and a drive interface alarm condition is generated. Follow­
ing this, the program has approximately 2 milliseconds to 
read status and/or shut down the disk subsystem before the 
controller/formatter becomes inoperable. This status bit is 
cleared automatically when power is restored to normal. 

96761300 A 



Drive Status Error 

A-register bit 6 equal to 1 indicates that a fault exists 
within one of the drive status words. The program should 
read the drive status to determine the conditions causing the 
fault. 

Interface Parity Error 

A-register bit 7 equal to 1 indicates that the 
controller/formatter has detected a parity error on the bus 
out or tag bus lines between the controller/formatter and 
drive interface. 

The drive interface accepts a controller/formatter status 
input command if the controller/formatter is selected and 
the drive interface is not busy. 

SELECT FILE ADDRESS 

Format: Output 
Function Code: E-1 

15 11 1 () 

QI \\' . 0 

1;) 

A 

Write file data 

7 

E 

8 7 

() 4 :l 0 

wa 1 1 1 ol 

G 4 :3 2 () 

-------­File address 

1 =Write bits 8-15 into file 
0 = Read file contents 

This function command causes two distinctly separate 
operations. 

When A-register bit 7 is a 0: 

• A-register bits 0 and ~ are loaded into the two most 
significant bit positions of the first word address 
register (i.e., 2 and 2 ), in a manner identical to the 
set first word address lower function command. This 
allows the drive interface to directly address up to 
256K words of CPU memory for disk input/output 
operations. Note that these two bits of the first word 
address register are set to 0 with a master clear or 
clear drive interface function command. 

o A-register bits 0 through 4 are stored internally and are 
used in conjunction with the read file command to 
specify one of 16 internal registers to be read. This is 
primarily a diagnostic and fault isolation aid in that it 
provides direct access to the primary working register 
~torage within the drive interface. 

Note that both operations occur regardless of which 
operation is intended. 
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When A-register bit 7 is a 1: 

A-register bits 0 through 4 are stored internally and 
bits 8 through 15 are written into the file address 
specified by bits 0 through 4. The intent is to use this 
in conjunction with the read file command as a means 
to echo data through all 16 drive interface file 
registers. Note that this also loads the first word 
address upper two bits. 

The drive interface accepts this function command if it is 
not busy. 

The select file address function is primarily a diagnostic or 
fault isolation aid in that it provides direct access to the 
primary working storage registers within the disk adapter. 

A-register bits O and 1 of this command are loaded into the 
current word address register within the drive interface (see 
set first word address, upper, function above). If select file 
address functions are to be executed after initializing the 
drive interface's current word address register, the original 
upper bit configuration of the current word address register 
must be maintained or re-established. 

DRIVE STATUS 1 

Format: Input 
Function Code: E 

1 !) 11 10 7 G 4 

QI ,,. 0 E ~ 
15 8 7 6 

A 00000000 

l\fultiple or no unit selected 
Sector or index not found 

Check fault status 

5 

Sync byte not foWld 

4 

Address mark not found 

:l 

1 

3 

(R + W) •attention 

1 1 

2 1 

No servo clock 
Write • offset active 

0 

ol 

0 

The drive status 1 function inputs the drive status word 1 to 
the CPU's A register. 

Write . Offset Active 

A-register bit O equal to 1 indicates that the CPU 
attempted to perform a write operation with the heads 
offset in a plus or minus condition from the normal position 
(see Read Recovery/Status Control. functions above). 

No Servo Clock 

A-register bit 1 equal to 1 indicates that the drive has failed 
to detect the required clock signal from the servo track. 
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(R+W)· Attention 

A-register bit 2 equal to 1 indicates that a read or write 
operation has been attempted with the drive's heads 
unloaded (see Select Acknowledge Status above). This is not 
necessarily a fa ult condition. 

Address Mark Not Found 

A-register bit 3 equal to 1 indicates that the drive and/or 
controller/formatter has failed to detect an address mark 
within the address field of a sector. The address mark is a 
required synchronization point for writing or reading disk 
data. 

Sync Byte Not Found 

A-register bit 4 equal to 1 indicates that the control­
ler/formatter has failed to detect a sync byte within the 
address or data field of a sector. The sync byte is required 
for proper synchronization within the address or data field. 

Check Fault Status 

A-register bit 5 equal to 1 indicates that there is one or 
more bits set in the drive fault status word. 

Sector or Index Not Found 

A-register bit 6 equal to 1 indicates that tne drive and/or 
controller/formatter have failed to detect index or sector 
pulses from the disk servo track. 

Multiple or No Unit Selected 

A-register bit 7 equal to 1 indicates that more than one 
drive responded to a unit select command (i.e., they have 
the same logical address) or that no unit responded to the 
unit select command. 

This input command allows the program to detect and/or 
monitor basic drive errors following any read ?r write 
operation. 

Note that this status is only valid following a direct memory 
access read or write command to the drive. The drive 
interface accepts this command only if it is not busy and the 
controller/formatter is currently selected. 

CONTROLLER/FORMATTER ECHO OUTPUT 

Format: Output 
Function Code: F 

The controller/formatter echo output function transmits the 
test data pattern to the controller/formatter from the 
A register. 

13 11 1 () 7 (j 4 :l 0 

QI~-----\'_· _n ____ _._ ____ E _____ ~"'-----.--....._1 ___ 1 __ 1 ____ 1 I 
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15 8 7 0 

A~ Test pattern 

A-register bits O through 7 may be any binary pattern. The 
data output via this function may be input and verified by 
the controller/formatter echo input function below. , 

This command, in conjunction with the corresponding echo 
input command, provides a functional verification of the 
command, status, and data paths between the drive inter­
face and controller/formatter. Output test data can be 
transmitted to the controller/formatter and echoed back to 
the drive interface. 

This function is intended to be a diagnostic aid that allows 
the CPU to verify the bus-out and bus-in data paths between 
the drive interface and the controller/formatter. 

The drive interface accepts this function if the control­
ler/formatter is selected and the drive interface is not busy. 

CONTROLLER/FORMATTER ECHO INPUT 

Format: Input 
Function Code: F 

15 11 1 () 7 (j 0 

QI ______ \'_·_o ____ ...._ ____ r _____ ~-------......... 1---1--1 ____ 11 

15 8 7 

Alo o o o o o o ol 

' 'V""' 

Received test pattern 

0 

The controller/formatter echo input function reads back 
controller/formatter test data to the A register. 

This command allows the CPU to input the binary data 
pattern that was output to the controller/formatter via the 
controller/formatter echo output function above. 

When used in conjunction with the controller/formatter echo 
output function, this command allows full echo checking of 
the command, status, and data paths between the drive 
interface and controller/formatter. 

The drive interface accepts this command if it is not busy; 
however, the input data is only meaningful when this 
command is immediately preceded by the control­
ler/formatter echo output function.· 
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WORD FORMATS ADDRESS FIELD BUFFER ORGANIZATION 

DATA BUFFER ORGANIZATION 

For direct memory access data operations, the organization 
of the data buff er written from or read into main memory is 
shown in figure 2-1. 

The identifying data block written at the start of each 
physical sector is known as the gap A address field. It is 
created by initiating a direct memory access write address 
function with the buffer formatted in memory as in 
figure 2-2. Each address field consists of five memory 
words for each sector. 

FIRST WORD ADDRESS FIRST DATA WORD (16 BITS) 

FWA + 1 WORD 2 

FWA + 2 WORD3 

~ 

FWA +n LAST DATA WORD 

0362 

Figure 2-1. Data Buffer 

15 8 7 0 .. 
FWA FLAG BYTE 1 FLAG BYTE 2 I"'\ 

+l FLAG BYTE 3 FLAG BYTE 4 

+2 CYLINDER ADDRESS ) 

+3 HEAD/SECTOR ADDRESS 

+4 FIELD LENGTH 

+5 FLAG BYTE 1 FLAG BYTE 2 

+6 FLAG BYTE 3 FLAG BYTE 4 

+7 CYLINDER ADDRESS ) 

+8 HEAD/SECTOR ADDRESS 

+9 FIELD LENGTH HEX 0 

I: 

FLAG BYTE 1 FLAG BYTE~ 11 
FLAG BYTE :3 FLAG BYTE 4 

CYLINDER ADDRESS ) 

HEAD/SECTOR ADDRESS 

FIELD LENGTH HEX 0 1...1 
0363 

Figure 2-2. Address Field Buff er 
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PHYSICAL 

SECTOR I 

PHYSICAL 

SECTOR 2 

PHYSICAL 

SECTOR n 

"1 

..... 
~ 

BUFFER LENGTH 
OUNT) (WORD C 

i..a. -.. 

BUFFER 
LENGTH 
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The address field is always read by drive interface hardware 
prior to initiating any data transfers to the file. This allows 
the drive interface to determine its current address position 
relative to the software's requested (target) address. 

A direct memory access read address function reads the 
address field from the selected file into main memory as in 
figure 2-2. Multiple address fields may be read by 
increasing the buff er length count by five for each sector 
desired. 

ADDRESS FIELD WORDS 

Flag Bytes 

The four flag bytes are not used by the storage module 
system hardware. The operating system software may use 
these fields for bad track/sector flags, write protect flags, 
or alternate track assignments •. 

Cylinder Address 

The format of this word must be as follows: 

15 10 9 0 

lo o o o o o Absolute cylinder address 

4 l\lICRO­
SECONDS 

SECTOR OR 
INDEX MARK 

27 BYTES 
- Os 

GAPA 

ADDRESS MARK 30 BYTES 
3 BYTES ERASED - Os . 

Head/Sector 

The format of this word must be as follows: 

15 11 10 

0 0 0 0 0 

Field Length 

8 7 6 0 

Logical sector address 
Last sector flag 
(must be set to a 1 
if this is the last 
sector of this track\ 

Head address 

This word must contain the left-justified eight-bit number 
equal to the number of bytes contained within the data field 
of the sector minus 1 (e.g., twice the number of 16-bit data 
words minus 1). 

SECTOR FORMAT 

Figure 2-3 illustrates the sector format. This is provided as 
general information only. The synchronization bytes, 
address marks, and error correction code words are created 

SYNC ADDRESS FIELD 

1916 19 
16 

10 BYTES 

---

ECC 7 
BYTES 

- _ _, NEXT 
SECTOR --
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4 MICRO- -
- SECONDSt ,­

L ~ 27 BYTES - Os 
SYNC 

1916 19 
16 

GAPB 

DATA FIELD VARIABLE /y 

SYNC CHARACTER ·· 0001 1001 

ECC 7 PAD 
BYTES AREA 

t TIDS PERIOD IS THE 'TI:ME AVAILABLE FOR THE DRIVE INTERFACE TO DETERI\TINE THAT THE ADDRESS FIELD IT 
HAS JUST READ IS THE TARGET (DESIRED) ADDRESS AND THAT THE GAP B FIELD FOLLO\\lNG IS THE DATA THAT 
MUST BE TRANSFERRED UNDER DIRECT :MEMORY ACCESS. THIS TIME IS NOT A SOFTWARE DECISION PERIOD FOR 
INITIATING A DIRECT :MEMORY ACCESS DATA OPERATION FOLLOWING A DIRECT MEMORY ACCESS READ ADDRESS 
FUNCTION, 

0364 

Figure 2-3. Sector Format 
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by hardware in the controller/formatter and cannot be 
altered by software. Only the gap A address or gap B data 
fields are even transferred through the drive interface 
during direct memory access operations. 

INTERRUPTS 

There are six interrupt-causing conditions within the drive 
interface. Each condition may be individually enabled 

\ (allowed) or disabled (locked out) by software. 

Through execution of a director function (function code 8), 
an interrupt mask register with bits corresponding to the 
interrupt conditions may be set or cleared (enabled/disabled) 
in the drive interface. The interrupt conditions available 
from the drive interface are: 

Alternate drive interface t 

Transfer complete 

Alarm condition 

Seek endt 

End of cylinder 

Controller /Formatter selected 

The logical OR of all drive interface interrupts is presented 
to the CPU as a common single interrupt. Following any 
drive interface interrupt, the CPU must read drive interface 
status to determine which of the enabled conditions caused 
the interrupt. 

ALARM CONDITIONS 

Various fault or abnormal conditions can occur within the 
storage module system. The detection of these conditions 
causes: 

• An alarm interrupt (if enabled) to the CPU 

• The setting of the alarm status bit 

• The immediate termination of any direct memory 
access read or write operation in progress 

• The setting of the associated fault status bit 

The abnormal conditions that cause an alarm are: 

• Protect fa ult 

• Memory addressing error 

• Forced release of controller/formatter 

• Lost data 

t Requires a. ha~dware jumper on the drive interface board. 
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o Controller/formatter error 

o Storage parity error (direct memory ' access read 
operation only) 

The one exception to alarm conditions are their associated 
termination of the direct memory access operation is error 
correction code errors. This type of error can only occur 
during a direct memory access read operation, and it also 
sets the alarm interrupt and status bit. However, due to the 
error correction capabilities of the controller/formatter, the 
d€tection' of an error correction code error does not 
terminate the operation but allows it to continue to the end 
of the sector in which the error occurred. Detection of any 
of the other alarm conditions causes the read operation to 
end immediately or at the end of the current sector. 

PROGRAMMING AIDS AND 
CONSIDERATIONS 

DRIVE INTERFACE BUSY 

The only two functions the drive interface accepts while it 
is busy are the director and drive interface status request 
functions (function code 8). Initiation of any other A/Q 
function to the drive interface while it is busy causes an 
input/output reject condition. 

Upon acceptance of an input/output command, the drive 
interface becomes busy. The following commands result in 
the drive interface staying busy for more than 
6 microseconds. 

• Initiate poll - The drive interface goes busy until the 
controller/formatter responds with the poll status 
(approximately 40 microseconds). 

• Format write - 16.6 to 33.2 milliseconds 

• Any seek operation - 20 microseconds 

• Any direct memory access read or write command 
causes the BUSY signal to be set until the end of the 
last sector being operated on is reached, an end-of­
cylinder condition is detected, or an abnormal condition 
causes the operation to be aborted (see Alarm 
Conditions above). 

STAND-ALONE DRIVE INTERFACE FUNCTIONS 

The drive interface accepts any function from the CPU if it 
is not busy. However, since some functions are directed at 
the controller/formatter or drives, they require that the 
drive interface first be connected to the control­
ler/formatter (selected) before they can be executed. 
Attempting to execute one of these instructions without 
first selecting the controller/formatter results in an 
input/output reject condition. 
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The following lists the stand-alone functions that the drive 
interface can execute without controller/formatter 
selection: 

• Director function 

• Buff er length 

• Unit select (selects the controller/formatter, if the 
controller/formatter is not already selected) 

• Set first word address, -upper /lower 

• Read file register data 

• Cylinder address status 

• Sector and head address status 

• Drive interface status 

The following A/Q functions are executed by the drive 
interface without controller/formatter selection. Generally, 
however, these functions are preceded by functions (shown 
following the function below) that required control­
ler /formatter selection. 

• Poll status (initiate poll) 

• Select acknowledge status (unit select) 

• Controller/formatter echo in (controller/formatter echo 
out) 

• Drive echo in (drive echo out) 

The results obtained from executing the above as stand­
alone functions are indeterminate. 

TRACK OPERATIONS 

The following operations are basically track operations in 
that only the cylinder and head address are used; any sector 
address information supplied is ignored. 

• Write Address - This operation begins at the index mark 
and continues until the buff er length register within the 
drive interface equals zero. 

• Format Write - This operation starts at the index mark 
and terminates the next time the index mark is sensed 
(one track only). 

• Read Address - This operation begins at the index mark 
and continues until the buff er length register within the 
drive interface equals zero. 

Note that read and write address operations may be greater 
than one track in length (as determined by the buff er 
length), but these operations always begin at the index mark. 
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SEEK OPERATIONS 

Following the initiation of any seek operation, a seek end 
interrupt (and status) is generated if the software program 
de-selects the controller/formatter, thereby allowing it to 
poll the drives. Unless the controller/formatter is free to 
poll, no seek end interrupt or status is generated. The 
alternative is for the program to repetitively issue an 
initiate poll output function with the force poll update bit 
set. 

PROTECTED OPERATION 

When the drive interface is operating in the protect mode 
(selectable by optional jumper on the drive interface board), 
input/output instructions not having their protect bit set 
cause a protect violation and are rejected by the drive 
interface (external reject). The drive interface can write 
into protected CPU memory only if the drive interface is 
protected and the disk read operation was initiated by a 
protected A/Q output instruction. The exception to the 
protect rule is a drive interface status request that is never 
rejected, regardless of the protect condition. 

Table 2-6 defines how the drive interface handles data 
transfers to memory with respect to CPU protect, drive 
interface protect, and protected instructions. Note that 
with the CPU's protect switch off, the protected states of 
the drive interface and input/output instruction are ignored. 

TABLE 2-6. DRIVE INTERFACE PROTECT CONDITIONS 

CPU Drive Interface Protected 
Protect Protected 1/0 Result 
Switch (Jumper in) Instruction 

Off No No A 

Off No Yes A 

Off Yes No A 

Off Yes Yes A 

On No No B 

On No Yes 8 

On Yes No Reject 

On Yes Yes A 

A = Drive interface""' can transfer to protected or 
unprotected memory. 

B = Drive interface can transfer to unprotected 
memory only. 
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INSTALLATION 3 

i,j.JP83'i I . "MW& 

BOARD PREPARATION 

Prior to system operation, parameter jumpers must be 
installed on the drive interface board. Section 2, Operation 
and Programming, describes the function of each jumper. 
Table 3-1 identifies the jumpers by name and lists the drive 
interface's jumper pin designations on the printed circuit 
assembly. 

DRIVE INTERFACE BOARD PLACEMENT 

CAUTION 

The storage module drive printed wmng 
assembly contains electrostatic sensitive 
devices as indicated by the red solder 
mask. Exercise extreme care in handling 
to avoid damage to the board. Common 
practices, such as touching a grounded 
surface before handling, storing in anti­
static or conductive bags for storage or 
transfer, repairing only at properly 
equipped and grounded work stations, etc., 
should be strictly followed. 

The drive interface should be inserted with the component 
side of the board facing towards the left side of the CPU 

.\.. 

cabinet. Assignment of the board within the CPU board 
cage may be to any one of the four A/Q-DMA slot positions 
available. For CYBER series systems, position H is the 
standard slot for the storage module disk. 

CABLING 

Figure 1-1 illustrates the disk subsystem cabling for a dual 
CPU configuration. The input/output cables (bus in/bus out) 
run directly from the CPU backplane slot assigned for the 
drive interface logic board to the controller/formatter 
connector panel. The connectors for the CPU end of the 
cable are 50 pin connectors that. slip over the backplane pins 
(identified in table 3-2). 

CABLES 

The interconnecting cables are 24 twisted pair with outside 
shield. The standard length supplied is 25 feet (7 .62 meters). 
The maximum cable length supported is 50 feet (15.24 
meters). 

CONNECTOR PART NUMBERS 

Backplane connector - CDC part no. 94360805 

Controller/formatter connector - CDC part no. 24502303 

TABLE 3-1. DRIVE INTERFACE JUMPER PIN DESIGNATIONS 

Jumper Name Pin Designation and Connections 

Select hold 0 (out) Connect E16 to El 7. 

Select hold l (in) Connect El4 to E15. 

AUTOLOAD switch Disconnect El9 to E20. 
Connect E18 to E20. 

Drive interface equipment number (E16 is standard equipment code) 20 = E54, 21 = E53, 22 = E52, 23 = E51 
High+ (1) = E43-E46, low- (0) = E47-E50 

Drive interface protected/unprotected Connect E23 to E21 or E22. 

ALERT 0/1, controller/formatter to drive interface 0/1 Connect E37 to E36 or E38. 

Interrupt to drive interface 0/1 Connect E42 to E39 or E41. 

Interrupt from drive interface 0/1 Connect E40 to E39 or E41. 

Autoload drive number E33 = 2°, E32 = 21, E35 = 23, E34 = 24 
- High(+)= E24-E27 ,low(-)= E28-E31 
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TABLE 3-2. DRIVE INTERFACE/CONTROLLER/FORMATTER SIGNAL PIN ASSIGNMENTS 

Signal Drive Interface Controller/Formatter 
Direction Backplane Pin Connector Pin 

Recycle 88 u/w To controller/formatter bus-out cable 
Select hold 0 98 A/C To controller/formatter bus-out cable 
Select hold 1 99 BID To controller/formatter bus-out cable 
Bus out 0 297 E/H To controller/formatter bus-out cable 
Bus out 1 298 F/J To controller/for matter bus-out cable 
Bus out 2 296 K/M 'f') controller/formatter bus-out cable 
Bus out 3 299 L/N To controller /formatter bus-out cable 
Bus out 4 91 P/S To controller/formatter bus-out cable 
Bus out 5 94 R/T To con troll er /formatter bus-out cable 
Bus out 6 92 U/U To controller/formatter bus-out cable 
Bus out 7 93 VIX To con troll er /formatter bus-out cable 
Bus out parity 87 y/a To con troll er/formatter bus-out cable 

I 
Tag bus 0 86 z/b To cor. troll er/formatter bus-out cable 
Tag bus 1 85 c/e To controller/for matter bus-out cable 

I Tag bus 2 84 d/f To con troll er /formatter bus-out cable 

I 
Tag bus 3 83 h/k To controller /formatter bus-out cable 

I 
Tag bus parity 89 j/m To controller/formatter bus-out cable 
Tag out 95 n/r To controller/formatter bus-out cable 
Sync out 90 p/s To controller /formatter bus-out cable 
Response 96 t/v To con trailer/formatter bus-out cable 

Select active in 19 a/c 
I 

From controller/formatter bus-in cable 
Bus in 0 13 B/D 

I 

From controller/for matter bus-in cable 
I3us in I 14 E/H From controller/for matter bus-in cable 
Bus h1 2 12 F/J 

I 
From controller /formatter bus-in cable 

Bus in 3 15 K/M From controller/formatter bus-in cable 
Bus in 4 23 L/N I From controller /formatter bus-in cable 
Bus in 5 22 P/S i From controller/formatter bus-in cable 

I 
Bus in 6 17 R/T I From controller/for matter bus-in cable 

/ 

I Bus in 7 18 U/W From controller /formatter bus-in cable 
Bus in parity 21 VIX From controller/formatter bus-in cable 
Tag valid 4 y/a From controller/for matter bus-in cable 
Sync in 24 z/b From con troll er I formatter bus-in cable 

I 
Nprmal end 7 c/e From controller /formatter bus-in cable I Check end 5 d/f From controller/formatter bus-in cable 
Index 6 t/v From controller/formatter· bus-in cable 
Sector 8 u/w From controller/for matter bus-in cable 
Alert 0 9 h/k 

I 
From controller/formatter bus-in cable 

Alert 1 10 j/m From controller/formatter bus-in cable 
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TABLE 3-2. DRIVER INTERFACE/CONTROLLER/FORMATTER SIGNAL PIN ASSIGNMENTS (Contd) 

Signal Drive Interface Controller/Formatter Direction Backplane Pin Connector Pin 

Select active out 20 

Int. DAO 11 

Int. DAl 16 

BACKPLANE PIN ASSIGNMENTS 

Table 3-2 identifies the bus in and bus out cable lines and 
correlates the backplane pin numbers to the control­
ler /formatter connector pins. 

CHECKOUT 

Powering up the CPU system provides the drive interface 
with its required input voltages of +5 volts and -12 volts 
through the CPU's backplane voltage bus. 

With the exception of the autoload switch, the drive 
interface does not contain any operating switches or 
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None 

None 

None 

DAO to DAl 

DAl to DAO 

DAO to DAl 

indicators. Connection of the external autoload switch 
requires the normally open section _of the switch to be 
connected to backplane pin 42 of the drive interface slot. 
The normally closed section and normally connected section 
should be connected to pin 45. The wiper (common) section 
of the switch should be connected to pin 43 (ground). 

Subsystem checkout may proceed using the appropriate 
diagnostics. After confirming that remaining components of 
the subsystem are powered up and made ready the control­
ler/formatter/drive circuit breakers are turned on and the 
scratch pack is loaded on selected drives. 
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THEORY OF OPERATION 4 

§!HU Ffl!--.1 \#fa'1 ~1 ''f\l' Ml AtW l ·: 

The drive interface consists of general logic blocks 
(registers, counters, and flip-flops) with connection paths to 
and from a single internal data bus. The gating of data onto 
this bus is controlled by hardware multiplexers, which, in 
turn, are enabled by the drive interface's control logic. This 
control logic is implemented by an internally stored micro 
program and associated hardware decode and control logic. 
Figure 4-1 is a simplified block diagram of the drive 
interface. The box in the upper right-hand corner of the 
diagram blocks refer to the logic drawing page numbers. 

The drive interface's micro program is called controlware, 
because processing logic does not have the capability for 
arithmetic and Boolean operations, only control. 

The micro program is made up of many individual 
subprograms called micro routines. A micro routine may 
contain anywhere from two to 20 individual micro instruc­
tions. Each micro instruction directs its control logic to 
select one of several available logic blocks as an input 
through a multiplexer. The selected logic block is known as 
the source; if it is a register, for this example it supplies the 
source data used in this micro operation. The same micro 
instruction also selects a specific logic block as a final 
destination for the source data. 

By this method, coritrolware directs and controls the data 
flow and command paths in a micro controller. 

Each micro instruction resides within a read-only memory 
(ROM) circuit at a specific location or address in the read­
only memory. Access to a particular read-only memory 
address and the subsequent execution of the instruction 
resident there is accomplished by any one of three methods: 

• The instruction there is sequentially stepped to by the 
previous micro instruction. 

• The micro instruction currently being executed is a 
jump instruction that references that address. 

• An input/output command is sent to the drive interface 
from the CPU's A/Q registers. The storage module 
system function code contained in Q-register bits 0 
through 3 of-that command is combined with other bits 
in the drive interface to form a . unique read-only 
memory address. This transposing of an input/output 
function code into a read-only memory address and the 
referencing of the micro instruction at that address is 
known as the Qf transform. 

Data to be written or read from the selected disk drive 
initially passes through a first-in/first-out (FIFO) buff er in 
the drive interface. This eliminates synchronizing the 
timing of the CPU's direct memory access (DMA) channel to 
the controller/formatter's interface timing. 
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Write data originating from the CPU's memory is 
transmitted to and held in the drive interface's FIFO buff er. 
The first data word stored in the FIFO buffer is the first 
data word written on the file via the drive interface's data 
bus (bus out) interface to the controller/formatter. 

Data read from the file is sent to the drive interface by the 
controller/formatter via the data bus (bus in). It is held in 
the FIFO buff er until the drive interface's DMA control 
logic connects into the CPU's OMA channel. At that time, 
the first data word written into the FIFO buffer is the first 
word to be transferred to the CPU's memory. 

A/Q INTERFACE 

All input/output operations for the storage module system 
are first initiated through the drive interface's A/Q inter­
face. During a CPU output from the A instruction, the 
contents of the A and Q registers are transmitted to the 
drive interface over the CPU backplane lines, along with the 
appropriate input/output handshaking signals. 

Based on the input/output function code contained in Q­
register bits 0 through 3, the contents of the A and Q 
registers are handled in one of the two following ways: The 
A/Q register data is acted on entirely within the drive 
interface or some part of the A or Q register's data is 
passed on to the controller/formatter or drive for further 
interpretation. ----

Figure 4-2 illustrates the data paths for the A and Q 
registers in the drive interface. 

For a CPU input to A instruction, contents of the Q register 
are sent to the drive interface's A/Q interface. However, it 
is the drive interface that now supplies information to the 
A-register via the CPU's RDxx backplane lines. This 
information may originate from the drive interface, 
controller/formatter, or drive unit. 

DRIVE INTERFACE ADDRESSING 

The Q-register contents are always sent to the drive 
interface for any command setup. The W and E fields of the 
Q register are the input/output device code. As used to 
address the drive inter-face, the W field (converter code) of 
the Q register is decoded within the CPU to provide the 
WEO signal. The E (equipment) field enters the drive 
interface as ADR08/ through ADRl 1/ and is compared to 
the drive interface's jumper-selected equipment address 
code. If the input/output device address requested by the 
input/output command equals the drive interface's assigned 
address, the Q function decode logic is now enabled to act 
on Q-register bits 0 through 3 (Qf). 
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Figure 4-1. Drive Interface Simplified Block Diagram 

Q-FUNCTION DECODE 

The F field of the Q register enters the drive interface as 
logic signals ADROl/ through ADR04/, where it fans out to 
three logic areas: the function code 8 detect, Qf transform, 
and drive function logic. 

FUNCTION CODE 8 DETECT 

This logic samples QOO through Q03 for the only hardware­
implemented functions in the drive interface. These are the 
drive interface director and drive interface status request 
functions, and both are accepted and executed without 
controlware intervention. During the drive interface's 
hardware execution of these two functions, its micro-control 
program is performing a do-nothing idle loop or processing 
some previously requested function. 

QF TRANSFORM 

The read-only memory program contains a dedicated micro 
routine for each of the storage module system's 16 input and 
16 output A/Q commands. Excluding Q function code 8, the 
actual execution of the input/output command is controlled 
by the dedicated micro routine (combined in some cases with 
micro routines common to several drive interface functions). 
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The Qf transform allows a single micro instruction to decode 
the storage module system function code contained in the Q 
register. Access to the associated micro control routine is 
accomplished by transforming the four-bit Q-register 
function code field (Qf) into a nine-bit read-only memory 
address. The Qf is ORed with a hardware supplied, 
hexadecimal constant of lEO for input and lFO for output 
functions. This ORing forms a unique read-only memory 
program address in the range of lEO through lFF, which is 
then loaded into the read-only memory address register and 
accessed. The micro instruction at this transform-generated 
address is a jump instruction to the starting read-only 
memory address of the micro routine for the specific 
input/output operation. 

DRIVE FUNCTIONS 

If the current input/output command (Qf) relates to a drive 
such as reading drive fault status, the Qf field is passed 
through the drive interface to the selected drive unit via the 
controller/formatter. 

A transform operation on Qf occurs first, with the 
controlling micro routine selecting Q-register bits 0 through 
3 as the input source to the internal bus multiplexer. The 
drive interface's tag out register connecting the drive 
interface to the controller/formatter, is selected by the 
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Figure 4-2. A/Q Data Flow 

micro program as the destination for the Qf. As seen in 
figure 4-2, the Qf is output to the controller/formatter. 
The appropriate tag control lines are asserted by the drive 
interface, instructing the controller/formatter to transmit 
the Qf code it has received to the selected disk drive. 

A-REGISTER USAGE 

During an A/Q command to the drive interface, 
A-register content is directly related to the Qf field. 
program sets the A register to any one of the following: 
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The 

• File addressing information 

• Qf modifiers or Oi>eration parameters 
'\ 

• Data patterns used for hardware testing 

For A/Q input operations, the A register receives input from 
the drive interface. This data may originate either from the 
drive interface, controller/formatter, or selected drive, 
depending on the operation specified by Qf. 
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The information input to the A register can be any one of 
the following: 

• Hardware status 

• Received data test patterns 

• Register data 

A-REGISTER OUTPUT FLOW 

Upon receiving an A/Q output command, the Qf transform 
hardware directs the controlware program to the micro 
routine for that particular function. The micro-routine 
instructions select the A register (AOO through A15) as the 
source data input to the internal bus multiplexer. The 
destination of that A-register data may then be to any one 
of the logic blocks connected to the internal bus as shown in 
figure 4-2. 

As an example, if the Qf code is a (set) buffer length 
(register) command, the A register has been set by software 
to a value representing the data transfer word count. To 
accomplish the loading of the buffer length register with 
this word count, one micro instruction of the unique micro 
routine for this input/output command selects A register 
lower ,(AL) as the source. In that same instruction, the 
buff er length lower (BLL) register is selected as the 
destination for the A-register data. Upon execution, this 
micro instruction causes A-register bits 0 through 7 to be 
loaded into BLO through 817. 

The next sequential micro instruction in the micro routine­
is: A register upper (AU) as the source of data to drive 
interface buffer length register upper (BLU). This 
completes the transfer of the 16-bit CPU A register to the 
16-bit buffer length register over an 8-bit wide data bus. As 
seen by this example, the execution of the software 
input/output command, set buff er length register, was 
accomplished within the drive interface by the execution of 
two micro instructions. 

A-REGISTER INPUT FLOW 

For all drive interface A/Q input-to-A operations, the A 
register receives the contents of backplane lines RDOl 
through RD16. These lines are driven by the drive 
interface's output multiplexer, whose input-to-output 
selection is controlled by both hardware and controlware. 

A software command requesting drive interface status is 
performed purely by hardware; and for' this function, the 
hardware status conditions of the controller are enabled 
through the output multiplexer to the A register by the 
function code 8 detect logic. Any other types of A/Q input 
operation that request controller/formatter or drive status 
or drive interface/controller/formatter register data require 
the intervention of the micro control program. 

External information that can be requested by software such 
as controller/for matter or drive status, drive unit selection, 
and error correction code (data correction codes) or test 
pattern data, is first brought into the drive interface from 
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the controller/formatter's interface and temporarily stored 
in the drive interface's general-purpose Rl register. Drive 
addressing information, such as cylinder, track, and sector 
numbers, is maintained in, and read directly from, one of the 
drive interface's 16 random-access memory file registers to 
the A register. 

The CPU's A-register input (figure 4-2) is fed by the drive 
interface output multiplexer. The multiplexer receives 
inputs from the drive interface's Rl register as well as 
random-access memory. The contents of the CPU's Q 
register bits 0 through 3 (Qf) during the input-to-A operation 
specifies the data that is to be transmitted to the A 
register. This data is either equipment status from the Rl 
register, as previously mentioned, or drive addressing infor­
mation from the random-access memory files. The drive 
interface's controlware to the micro routine associated with 
executing the input-to-A operation selects the source of 

, data for the A register by selecting either the Rl register or 
a previously enabled file register in the random-access 
memory. This is accomplished with a destination control 
flip-flop (designated as the Rl-to-A control flip-flop) within 
the drive interface that can be set by a micro instruction. 
When this flip-flop is set, it enables the Rl register to pass 
through the drive interface's output multiplexer. If the Rl­
to-A path is not enabled by the micro routine, the contents 
of the selected random-access memory file register are 
gated through the multiplexer. 

DIRECT MEMORY ACCESS INTERFACE 

All data read from or written to the disk files is transferred 
between the CPU memory and the storage module system 
through direct memory access. The direct memory access 
channel consists of backplane lines and handshaking logic 
between the CPU's memory and the drive interface's A/Q­
DMA card slot position in the CPU chassis. Sixteen lines 
each are allocated for data from (DFMOl through DFM16) 
and to (DTMOl through DTM16) the CPU's memory. 
Figure 4-3 illustrates the direct-memory access data paths 
and drive interface logic. The drive interface also has a 
connection path into 18 backplane lines that drive the CPU's 
memory address register. These lines select the specific 
memory address (MABOI through MAB18) accessed under 
direct memory access control for data transferred over the 
DTM or DFM backplane lines. 

DIRECT MEMORY ACCESS ADDRESSING 

The drive interface's 18-bit current word address register 
drives the MAB backplane lines and is initially loaded with 
the first word address from the A register by a set first 
word address upper or lower command. This first word 
address points to the first CPU memory location accessed by 
the drive interface under direct memory access control. 

The 18-bit first word address word is loaded via the SD 
backplane lines through the internal bus multiplexer into the 
18-bit current word address register eight bits at a time. 
For addressing CPU memory addresses above 65K, the two 
most significant address bits of the current word address are 
loaded separately by the set first word address upper 
command. 
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Figure 4-3. Direct Memory Access Interface 

I During the direct memory access read or write operation a 
request (signal MCR) for a memory cycle is made to the 
CPU by the drive interface's direct memory access logic. 
Upon accepting the direct memory access request, the CPU 
memory's response signal to the drive interface (MCA) 
enables the contents of the current word address register 
out to the MAB lines. 

The CPU's memory address register latches the first word 
address, and a memory cycle is initiated to access that 
address. 

Following completion of the direct memory access data 
transfer, the memory cycle accept (MCA) line is released, 
causing the current word address register's contents to be 
incremented by +1. This register now points to the next 
sequential memory address (first word address + 1) in the 
data buffer area that is accessed by the drive interface on 
the following direct memory access request. 
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DISK WRITE OPERATION (READ FROM MEMORY) 

The transforming of a disk write command (function code A) 
causes the controlling micro routine to activate the drive 
interface's direct memory access logic. The drive interface 
requests a memory cycle (MCR) and, upon acceptance by 
memory (MCA), it asserts the memory write line (MW) at a 
low level, indicating a memory read operation. 

The first data word fetched from memory is placed on the 
DFM backplane lines. The drive interface is notified of this 
by the memory data strobe (MDS) signal. The drive 
interface's data-in multiplexer transfers the 16-bit data 
word to its FIFO buffer, where it is strobed as two eight-bit 
bytes by the MDS signal. The drive interface fills the FIFO 
buffer to a maximum of 64 words through continued direct 
memory access read requests. 
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The FIFO buff er is unloaded one word at a time when the 
controller/formatter is ready to accept data (indicated by 
the controller/formatter asserting SYNCIN to the drive 
interface's controller/formatter/direct memory access 
control logic). The drive interface's FIFO buffer data 
register,_ which now contains the first 16-bit data word that 
was stored in the FIFO buffer, is connected to the bus-out 
multiplexer. One byte at a time is passed through the 
multiplexer and the bus-out register. At this point, a parity 
assignment is made on the byte, so that the total count of 
set bits, including parity, is odd. This byte is transmitted to 
the controller/formatter interface along with the drive 
interface's data notification signal, SYNCOUT. The remain­
ing byte of the word is transferred to the 
controller/formatter in an identical manner. 

The FIFO buff er continues to be loaded from the CPU's 
memory with 16-bit words on every MOS signal and unloaded 
eight bits at a time on every SY NCIN signal received from 
the controller/formatter. 

·The drive interface's buffer length register (BL), previously 
loaded by software with the transfer word count, is 
decremented -1 on each direct memory access cycle. The . 
loading of the FIFO buffer ceases when the buffer length 
register goes to a zero count. 

DISK READ OPERATION (WRITE TO MEMORY) 

A disk read command, function code 9, initiates a direct 
memory access operation similar to a direct memory access 
write, except the direction of data is to, rather than from, 
CPU memory. 

A 9-bit byte (data plus parity) is placed on the bus in by the 
controller/formatter. The controller/formatter asserts 
SYNCIN, notifying the drive interface that a byte is 
available. The byte is input through the data-in multiplexer, 
and the drive interface responds by issuing the SYNCOUT 
signal to the controller/formatter. Each byte is stored in its 
associated FIFO buffer and then is output to the data 
register in synchronization with the direct memory access 
handshake signals. The FIFO buffer data register's output is 
enabled through the drive interface backplane drivers and 
onto the DTM lines. The current word address register 
points to the CPU memory address where the 16-bit word is 
stored. 

The handshaking of direct memory access signals MCR and 
MCA continues asynchronous to the controller/format­
ter/drive interface SYNCIN/SYNCOUT handshaking. Direct 
memory access control waits until the controller/formatter 
catches up if the'FIFO buffer becomes temporarily empty. 

The controller/formatter data transfer to the FIFO buffer is 
terminated when the drive interface's buff er length register 
has been decremented to 0. The direct memory access data 
transfer to memory ceases as soon as the FIFO buffer 
register is empty. 
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DRIVE INTERFACE/CONTROLLER/ 
FORMATTER INTERFACE 
The drive interface and controller/formatter are physically 
connected by two cables, identified as the bus-in and bus-out 
cables. The bus-out cable contains the output data bus that 
is used for transmitting data and byte control commands t0 
the controller/formatter. It also contains the tag bus that i5 
used to transmit the actual binary-coded function (read, 
write, and select) to the controller/formatter. 

The bus-in cable contains the input data bus and tag control 
lines. The input data bus carries data frorn the 
controller /formatter (controller/formatter /drive status, 
register, or file read data). The tag control lines establish 
the communication protocol between the controller/format­
ter and drive interface that is shown in figure 4-8. 

The signal interface on these cables is implemented using 
integrated circuit transmitters and receivers as shown in 
figure 4-4. These devices allow for transmission of data 
over cables up to 50 feet (15.24 meters) in length. 

INTERFACE CONTROL LINES 

SELECT HOLD 

When the drive interface controlware program determines, 
through decoding of software output function code 3, that 
controller/formatter selection is required, it sets the need 
controller/formatter flip-flop, causing the select hold 
interface line to be asserted high true. 

This line is not asserted when interface signal select active 
is true (the controller/formatter is already selected and 
active) unless the following input/output functions are 
requested: 

• Request Release - If SELECT HOLD is held true for not 
more than five microseconds, the controller/formatter 
interprets this as requesting the alternate drive 
interface to release the controller/formatter. An A/Q 
director request release command triggers a five­
microsecond one-shot, driving the select hold line to the 
controller/formatter. The controller/formatter 
acknowledges this request by presenting request release 
status to the controlling drive interface. 

• Forced Release - A 100-microsecond one-shot that also 
drive the select hold line is triggered by a director 
function's force release bit. The controller/formatter 
translates this timed condition as a demand to termi­
nate its current operation and disconnect its selection 
link with the alternate drive interface. 

The select hold and select active lines are interlocked 
so that if the controller/formatter drops its select 
active line to the drive interface (forced release) or the 
drive interface drops its select hold line, the 
corresponding select signal drops. 
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Figure 4-4. Drive Interface Transmitter/Receiver 

SELECT ACTIVE 

This is the controller/formatter's response to the drive 
interface's SELECT HOLD request. SELECT ACTIVE goes 
true when the controller/formatter acknowledges the disk 
adapter SELECT HOLD, and it remains high during all drive 
interface/controller/formatter operations. Select active 
drops when the drive interface clears SELECT HOLD or 
when the alternate drive interface initiates a forced release 
function. 

In the case of a dual CPU configuration (figure 4-5), the 
SELECT ACTIVE line from the controller/formatter is 
serially connected through the drive interfaces. If the first 
drive interface on this line does not have its SELECT HOLD 
signal up, it passes the controller/formatter's SELECT 
ACTIVE on to the alternate drive interface. Conversely, if 
DAO is requesting the controller/formatter, it blocks the 
passing of the controller/formatter's SELECT ACTIVE line 
to the alternate (DAl). 

The drive interface's request for the controller/formatter 
(SELECT HOLD) is also daisy-chained serially through the 
drive interfaces. The requesting drive interface's SELECT 
HO LO line passes through the alternate drive interface's 
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logic and is sampled prior to that drive interface issuing any 
controller/formatter requests. In this way, control­
ler/formatter select contentions are resolved at the 
hardware level through the priority scheme implemented by 
the controller/formatter select wire jumpers on both drive 
interfaces. 

TA.GOUT 

TAGOUT is an interface line from the drive interface 
indicating that TAGBUS and BUSOUT are to be sampled. 
TAGOUT remains up until TAGVALID is received or until 
two microseconds have elapsed, resulting in an abnormal 
sequence. 

Tt\GVALID 

TAGVALID,is an interface line from the controller/format­
ter that indicates the controller/formatter has received a 
valid command via the TAGBUS and BUSOUT, parity on both 
busses is correct, and BUSIN now contains information in 
response to the command. TAGVALID remains up until the 
drive interface drops TAGOUT. 
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Figure 4-5. Dual Drive Interface/Controller/Formatter Select Configuration 

SY NCO UT RESPONSE 

SYNCOUT is an interface line from the drive interface that 
·identifies and synchronizes data transfers. During write 
data (to the disk) operations, the 100-nanosecond high true 
pulse on this line indicates that BUSOUT contains valid data. 
When the controller/formatter is ready for the next byte, it 
replies to the drive interface with SYNCIN. During read 
data (from the disk) operations, the SYNCOUT signal to the 
controller/formatter indicates that the drive interface is 
ready to r~ceive another byte of data on the BUSIN. When 
the next byte has stabilized on BUSIN, the 
controller/formatter signals the drive interface by sending 
SYNCIN. 

SYNCIN 

SYNCIN is an interface line to the drive interface that 
identifies and synchronizes data transfers. The use of the 
100-nanosecond high true control pulse on this line is 
described in SYNCOUT above. 

NORMALEND 

NORMALEND is an interface line from the 
controller/formatter that indicates an operation has been 
terminated successfully. NORMALEND occurs for every 
successful tag command executed and remains up until the 
RESPONSE signal is received by the controller/formatter. 

CHECKEND 

CHECKEND is an interface line from the 
controller/formatter that indicates that an operation was 
unsuccessful. Every operation results in either a 
NORMALEND or CHECKEND signal. The CHECKEND 
signal remains up until the RESPONSE signal is received by 
the controller/formatter. 

4-8 

RESPONSE is an interface signal from the drive interface 
that replies to the end conditions (NORMALEND or 
CHECKEND) and remains up until the controller/formatter 
drops the END signal. 

INDEX 

INDEX is an interface line from the controller/formatter. 
The INDEX pulse marks the beginning of physical sector 
zero from the selected disk drive. 

SECTOR 

SECTOR is an interface line from the controller/formatter. 
This signal represents the physical sector pulse from the 
selected disk drive and marks the beginning of a data record. 

RECYCLE 

RECYCLE is an interface line from the drive interface that 
is used to control the modulus 16 counter in the 
controller/formatter that identifies the end of the address 
or data field and the beginning of the error correction code 
bytes. RECYCLE is held in a high state (logical 1) until the 
drive interface's field length register is decremented to a 
count of 7. This indicates to the controller/formatter that 
less than seven information bytes are left to transfer. For 
address field read or write operation, RECYCLE is true low 
during the entire operation. 

ALERT 

There are two ALERT interface lines from the 
controller/formatter; one line is assigned to each drive 
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interface. A 100-nanosecond pulse on this line indicates 
that a seek end condition exists on one of the disk drives. In 
a system with two drive interfaces connected to one 
controller/formatter, the ALERT signal is sent only to the 
drive interface that initiated the seek. 

INTERFACE BUS DESCRIPTION 

Bus In 

Bus in consists of nine lines (eight plus parity) from the 
controller/formatter to the drive interface that are used to: 

• Convey status information from the controller/format­
ter to the drive interface. It is accompanied by 
TAGVALID, NORMALEND, or CHECKEND control 
signals from the controller /formatter. 

• Transmit data bytes to the drive interface. Data is 
signified by ,the controller/formatter's assertion of 
SYNCIN. 

Bus Out 

Bus out consists of nine lines (eight plus parity) from the 
drive interface to the controller/formatter that are used to: 

• Convey parameter information related to the tag bus 
command 

• Transmit data bytes to the controller/formatter 

Tag Bus Out 

The tag bus consists of five lines (four plus parity) from the 
drive interface to the controller/formatter to define the 
controller/formatter command. It is stabilized 100 nano­
seconds before raising TAGOUT. 

INTERFACE COMMUNICATION 

Controller/Formatter Selection 

The selection of the controller/formatter is achieved by an 
interlocked handshaking technique. This interlocked feature 
means that there are no stringent timing requirements for 
the selection signals. Figure 4-6 illustrates the control­
ler/formatter selection signal relationships. • Figure 4-7 
illustrates flow charts of the selection process with the top 
half of the symbols defining the conditions the logic is 
sampling for and the lower portion of the symbol identifying 
the logic involved. 

Tag Bus Sequence 

A controller/formatter command requires a handshaking tag 
control signal sequence between the drive interface and 
controller/formatter (figure 4-8). 
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Data Transfers 

Data transfers for read or write operations are synchronized 
between the controller/formatter and drive interface by 
handshaking SYNCIN/SYNCOUT signals. The read/write 
timing sequences are shown in figures 4-9 and 4-10. 

REGISTERS 

A general description of the drive interface's registers is in 
section 2. Table 2-1 defines the usage of the program 
registers and their related software commands. As 
previously mentioned, there are three groupings of registers: 
programmable, hardware, and file. 

The hardware registers perform internal storage and 
interface functions and are used by the drive interface's 
control logic in executing the micro control program. 

The file registers are 16 addressable 8-bit locations 
contained in a random-access memory. The usage of the file 
registers is mixed in that four of the files are software­
programmable through controlware intervention. The 
remaining files are used as internal working and storage 
registers. The contents of all file registers may be read to 
the CPU's A register through execution of select file and 
read file software commands. 

FILE REGISTERS/RANDOM-ACCESS MEMORY 

Table 4-1 lists the file register names as they are organized 
in the random-access memory. Files 0 through 8 are loaded 
directly with the gap A address field that is read from the 
selected drive during a direct memory access read data or 
write data operation. When data has been read in, the 
contents of files A and B that were preset by software are 
compared by controlware to the data in files l and 2. When 
an equal compare occurs between the actual address 
information read from the record and the program's 
requested (target) address, it defines the start of the direct 
memory access read or write operation. A no-compare 
condition results in continued reading, under micro control, 
of the next sequential address field. After 128 attempts 
(denoted by an initial count preset by controlware in file E 
being incremented to 0), an error condition is flagged in the 
drive interface status word (set controller/formatter error 
flip-flop). 

As sector and head boundaries are crossed during the data 
transfer, the applicable files A and B are incremented by 
controlware to reflect the current target track address. 

Since none of the source registers in the drive interface can 
reliably be considered as containing zeros at any given time, 
file C contents are dedicated to providing a constant of 
zero, which is loaded by micro instructions during a clear 
disk adapter function. This zero word is used for comparing 
against various sources of data within the drive interface, 
resulting in a jump-if-register-contains-zero capability for 
the micro-instruction set. 
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DAO NEEDS CONTROLLER/ 
FORMATIER (INTERNAL 
FLIP-FLOP) 

DAO SELECT HOLD 
(TO CONTROLLER/ 
FORMATTER) 

DAI NEEDS CONTROLLERf 
FORMATIER (INTERNAL 
FLIP-FLOP) 

DA 1 SELECT HOLD 
(TO CONTROLLER/ 
FORMATIER) 

SELECT ACTIVE IN FROM 
CONTROLLER/FORMATIER 
TO DAO 

SELECT ACTIVE IN 
PASSED ON FROM DAO 
TO DAl 

STEPS 1-4: 

DAO SELECTS 
CONTROLLER/ 
FOR MATIER. 

STEP 5: 

DAO RELEASES 
CONTROLLER/ 
FORMATTER. 

ALL SIGNALS SHOWN AS HIGH TRUE. 
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STEPS 6-9: 

DAl SELECTS 
CONTROLLER/ 
FORMATTER. 

STEPS 10, 11: 

DA 1 RELEASES 
CONTROLLER/ 
FORMAITER. 

STEPS 12-14: STEPS 17, 18: STEP 22: 

DAO SELECTS DAO AND DAI SIMULTAN- DAO RELEASES 
CONTROLLER/ EOU~LY SELECT. CONTROLLER/ 
FORMATIER. FORMAITER WITH 

STEPS 19, 20: DA 1 STILL REQUESTING. 
STEPS 15-16: SELECT CONTENTION STEPS 22-25: 
DAI FORCES RESOLVED TO DAO. 
RELEASE OF DAl SELECTS 
CONTROLLER/ CONTROLLER/ 
FORMATTER FORMA'.ITER. 
FROM DAO. 

Figure 4-6. Controller/Formatter Selection Protocol 

The hexadecimal constant 30 preset in file 9 by controlware 
equates at an individual bit level to a ready and on cylinder 
status condition from the selected drive. During an autoload 
sequence, the micro program uses this constant for 
comparison against the drive status word number 2 following 
an RTZ (return to zero) seek command. 

RANDOM-ACCESS M,EMORY ADDRESSING/FIELD­
LENGTH REGISTER 

The random-access memory files are accessed by the 
controlware program during the setup of software commands 
and by drive interface hardware while reading the gap A 
address field. 

When the random-access memory is selected as a source or 
destination by the operation field of a micro instruction, the 
actual file register in the random-access memory that is 
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accessed will be the one addressed by the value contained in 
FLROO through FLR03. It should be noted that these lower 
four bits of the field-length register were previously loaded 
by a separate micro instruction referencing the field-length 
register as its destination. 

Prior to the start of a read address (gap A) operation, the 
micro program presets the lower half of the field length 
register (FLRL) to a value of 8 (hexadecimal). As the first 
byte read from the address field of the selected drive enters 
the drive interface, it is strobed by hardware into random­
access memory address 8. The FLRL is decremented minus 
l by hardware, and the second byte read is now strobed into 
random-access memory address/file register 7 (table 4-1). 
The upper four bits of the field-length register are ignored 
during these random-access memory references. This 
operation continues until all ten bytes of the address field 
have been read from the drive into their assigned file 
registers (files 8 through O and F). 
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CONTROL HARDWARE 

MICRO PROGRAM 
INSTRUCTION 
MIR16=l·P=05 

MICRO SET HEED 
. PLIP-PLOP 

IS CONTROLLER/ 
FORMATTER 
AVAILABLE? 

SELECT ACTIVE 
IN, FALSE 
H3-4 

YES 

DC SET 
HOLD 
FLIP-FLOP 

J3-5 

DID CONTROLLER/ 
FORMATTER 

NO SELECT? 

O:l53 

SELECT ACTIVE 
IN, TRUE 
H4-11 

YES 

CLOCK SET 
SELECTEO 
FLIP-FLOP 

.,13-12 

DC RESET 
NEEll 
FLIP-FLOP 

J4-8 

CONTIUJLLEH/FORMA TTER 
NOW SELECTED, ENABLE 
1. TAG OUT 
2. RESPONSE 
3. RECYCLE 
4. SYNC OUT 
5. TAG BUS 
6. UUS OUT 
7. SELECTWTERRUPT 
8. SELECT STATUS 

IS ALTERNATE DRIVE 
INTERFACE IN CON-
TROL OP CONTROLLER/ 
FORMATIER? 

SELECT HOLD 1 
TRUE 
H3-3 

YES 

ENABLE THE 
SELECTED 
FLIP-FLOP 

J3-14 

TRANSMIT SELECT 
CONTROLLER/ 
FORMA1i'ER TO HOLD 

SELECT HOLD OUT 
H3-9 

DISABLE PASSING 
SELECT ACTIVE OUT 
TO ALTEHNATE 
URIVE INTERFACE 

J2-13 

Figure 4-7. Controller/Formatter Select Operation 

SELECT 
HOLD 
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DATA BUS OUT 
(TO CONTROLLER/ 
FORMATTER) 

TAG OUT 
(TO CONTROLLER/ 
FORMATTER) 

DATA BUS IN 
(FROM CONTROLLER/ 
FORMATTER) 

TAG VALID 

I ; 

~ A r-
1 

I I 

l+-B-1 
I 1-----#--+---~ 

I 
I 
I 
I 

I 

'-.f A 

.... ,----.... , 
A r-

1 

L_ 
I 
I 
I 
I 

(FROM CONTROLLER/ I .._ 
FORMATTER) I ....f A f.- ...., A r--

r~~~~{f ;::LER/ ____ ..:..l,._~---_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-+,...--c~~~~~~-·-:-------::i---..~,___1 __ _ 
(TO CONTROLLER/ l 
FORMATTER) 

A = 100 NANOSECONDS. \11NIMUM 
B = 1.8 NllCtlOSECONDS, ~AXIMUM 
C = IMMEDIATE: 3.0 :vJICROSECONUS MAXIMUM 

EXTENDED: :51.8 MILLISECONDS MAXIMUM 

EXrt::NUED OPERATIONS: 51.8 '\11LLISECONOS MAXIMUM 
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I I 
J EXTENDED COMMA NU 1 
J.- POLL, READ. WRITE, ~ 
I FORMAT WRITE J 
1 • 
t 

Figure 4-8. Tag Bus Command Sequence Timing 

The other application of the field-length register is as a data 
record byte counter. Once the desired sector is found, the 
field length word read from the address field and residing in 
random-access memory file register 0 is transferred to the 
field-length register (FLROO through FLR07) by the micro 
program. The field-length word is a value representing the 
number of bytes minus 1 in the data field of this sector. The 
lower four bits of the field-length register are transmitted 
to the controller/formatter as part of the read or write 
gap B tag command. 

No further random-access memory references are made 
from this point until the data transfer within this sector is 
completed. The field-length register is used by drive 
interface hardware to track the number of data bytes 
transferred to or from the controller/formatter. With each 
byte transferred, the field-length register is decremented 
by 1. In addition, within the controller/formatter, the 4-bit 
modulo 16 counter (originally set to the same value as in the 
drive interface field-length register lower four bits) is 
decremented with each byte transferred. When the counter 
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in the controller/formatter reaches 0, it is allowed to 
recycle to F and count down again. When the field-length 
register in the drive interface decrements to a count of 7 or 
less, this count is decoded and causes the recycle interface 
line to the controller/formatter to go low. This inhibits the 
controller/formatter's counter from recycling. Now the 
controller/formatter's counter and the drive interface's 
field-length register are in sync. Both reach zero simultan­
eously, signifying the end of the data transfer. The 
controller/formatter then reads or writes the seven error 
correction code bytes at the end of the gap B data. 

HARDWARE REGISTERS 

These registers may be grouped by their end application into 
three types: dedicated interface, dedicated function, and 
general working storage. Those registers falling under the 
dedicated category are hardwired to interface lines or to 
some associated logic and serve a single purpose. The 
general-type register can communicate with most other 
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SYNCOUT 
(TO CONTROLLER/ 
FORMATTER) 

UATA ON BUSIN 
(FROM CONTROLLER/ 
FORMATTER 

SYNCIN 
(FROM CONTROLLER/ 
FORMATTgR) 

~~.,...-~~~~~~~~~~~___.n~~~~~~~~~~-
'--c --I+ B --~ ... i·--- D ---·I 

I I I uuzuA. : ,-,-11.:.....ii-a-1-a-11-1-~: - ·L__ 
____ ..................... -4.J I I I 

--+-A+B+f\+f- I 
I I I 

---+------__.11 "~---
r- CONTROLLER/FORMATTER READ SEQUENCE ST\RTS UElt1: 

A= 100 NANOSECONDS, MINIMUM 
B = 100 NANOSECONDS PULSE 
C = 100 NANOSECONDS, MINIMUM; 300 NANOSECONDS, MAXIMUM 
D = 100 NANOSECONDS, MINIMUM; 500 NANOSECONDS, MAXIMUM 

NOTE: THE CONTROLLER/FORMATTER INITIATES THE TRANSFER BY lSSUING A SYNCIN 
SIGNAL ALONG WITH THE BUSIN DATA. 
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DATA ON BUSOUT 
(TO CONTROLLER/ 
FORMATTER) 

SYN CO UT 
(TO CONTROLLER/ 
FORMATTER) 

SYNCIN 
(FROM CONTROLLER/ 
FORMATTER) 

Figure 4-9. Drive Interface Data Read Timing 
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-f A 

I I I 

lllll/l 
~B~ A I- I 

~~~H~~~~~~~n~~-
i-- c-+-. B~D I 

: I h....__· _____ 11__ 
I 
I 
I-- CONTROLLER/FORMATTER WRITE SEQUENCE 
I STARTS HERE 

A= 100 NANOSECONDS, MINIMUM 
B = 100 NANOSECONDS PULSE 
C = 100 NANOSECONDS, MINIMUM; 300 NANOSECONDS, MAXIMUM 
D = 100 NANOSECONDS, MINIMUM; 500 NANOSECONDS, MAXIMUM 

NOTE: THE CONTROLLER/FORMATTER INITIATES THE DATA TRANSFER BY ISSUING THE 
SYNCIN SIGNAL TO THE DRIVE INTERFACE. 
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Figure 4-1 O. Drive Interface Data Write Timing 
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TABLE 4-1. FILE REGISTERS 

Random-Access File Register Name Memory Address 

0 /'"Data field length 

1 Sector address 

2 Head address 

3 Read from Cylinder address gap A 

4 address field Cylinder address 

5 Flag byte 4 
6 Flag byte 3 
7 Flag byte 2 
8 Flag byte 1 

9 Autoload status 

A Sector address 

B Head address 

c Zero compare 

D Timeout counter 
I , E Read/write retry counter 

F I Working storage 
-

logic components in the system and may contain any form of 
information (data, status, or command) at any given time. 
Figure 4-11 shows the drive interface registers and their 
internal bus connections and data paths. 

TAG BUS REGISTER 

This register is dedicated to the interface transmission of 
tag codes to the controller/formatter. For most of the A/Q 
output commands, there is a direct correlation between the 
lower four bits of the Q register {Qf) and the tag code. The 
micro-control program, upon transforming Qf, generally 
passes QOO through Q03 directly through the bus multiplexer 
and into the tag bus register where parity is assigned to the 
tag code prior to transmission. Where differences exist 
between the tag code and Qf, the control ware loads the tag 
bus register with the correct tag code from an immediate 
format instruction. Table 4-2 lists the tag codes as a 
reference in understandinf drive interface/control­
ler/formatter operation and Cdn be compared with the Qf 
field shown in table 2-4. 

4-14 

Usage/Contents 

Number of data bytes in the record, minus 1 

Actual sector address read from the record address field 
' 

Actual head address read 

Lower bits of the target cylinder 

Upper bits of the target cylinder 

( Usage defined by system 
software, or not used 

Constant of 30 (hexadecimal) used as the compare word 
during the autoload sequence 

Target sector requested by the program or the last 
sector operated on 

Target head selected by the program or the last head 
selected 

Contains the constant of zero 

Micro-program loop counter 
' 

Micro-program loop counter I 
Holds the temporary file address 

BUS-OUT REGISTER 

Receiving its inputs from the data multiplexer, the bus-out 
register transmits an 8-bit data word to the control­
ler/formatter interface. As evidenced by table 4-2, the bus­
out also carries tag code parameter information during a 
controller/formatter tag command. Once the data transfer 
starts for a disk write operation, the bus-out register 
receives CPU memory data via the FIFO data register. For 
either case, parity is always assigned to the data in the bus-
out register and transmitted with it to the 
controller/formatter. ~ 

OED ICATED FUNCTION REG IS TE RS 

Registers in this category have been described both in this 
section and in section 2. For the purpose of definition, the 
drive interface's dedicated function registers are: 

• Read-only Memory Address Register {MAR) - A nine-bit 
register/counter loaded with the read-only memory 
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Figure 4-11. 

address contained in the operand field (MIROO through 
:vtIR08) of a jump micro instruction or the Qf transform 
address during a software A/Q input or output command 
execution; it is used to access read-only memory 
locations with an address range of 00-lFF. 

Note that only the lower eight bits operate as a 
counter. The most significant bit (page flip-flop) is set 
or cleared via a jump micro instruction. 

Field.:.Length Register (FLR) - An 8-bit register/counter 
loaded from the internal bus. Used to address the 16 
random-access memory file registers or maintain data 
record byte count. During disk read/write operations, 
the field-length register tracks data bytes transferred 
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Drive Interface Registers 

• 

between the controller/formatter and drive interface 
and through hardwired logic and asserts the control 
signal RECYCLE when there are seven or less bytes 
remaining in the sector. Also, it sets the FLREQZERO 
latch when its count is decremented to zero, resulting 
in the XFERCOMP status flag being set. 

Data Register - Loaded with each 16-bit data word 
output from the FIFO buff er, this register is loaded at 
the end of the FIFO output cycle. Its output is gated 
onto the direct memory access's DTM backplane lines 
for a disk read operation or passed through the data 
multiplexer to the bus-out register for disk write 
operations. 
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TABLE 4-2. TAG BUS CODES 

Tag Controller/ Bus-Out Bits 
Bus Formatter 
Bits or Drive 0 1 2 3 4 5 6 7 
0-3 Command 

0001 Drive request - 1 =Clear 1 =Clear 1 = Initiate; Logical drive address 
(1) seek seek 0 =Drop 

23 22 21 

I 
20 initiated complete channel 

request 

0010 Poll for seek 1 = Force poll 0 0 0 0 =Drive 0 0 1 o, 
(2) end update logical 

Poll, alternate 0 - 0 0 addresses 0 0 i 0 
request 0-7 I 
Poll, CPU 0 - 0 1 1 =Drive 0 0 I 0 
number logical - ' 

Poll, seek 0 - 1 0 addresses 0 0 0 
complete 8-F 

Poll, seek 0 - 1 1 0 0 0 
Initiated 

0011 Unit select - - - - Logical drive address 
(3) 

23 22 21 ! 20 
i_ 

0100 Target sector 1 = Load sector Sector 6 Sector 5 Sector 4 
Sector ·

3 Sector 
2 

Sector 1 
I Sector 0 I 

(4) and drive echo and echo count 2 count 2 count 2 count 2 count -2 count 2 I count 2 

O = Read sector I count i 

0101 Load cylinder 27 26 25 24 23 22 
T 

21 l 20 
(5) lower, seek 

0110 Load cylinder - - - - - - 29 T 28 
(6) upper I I 

i l 

0111 Select head - - - - - l Head 2 Head 1 j Head 0 (7) 
l 

address 2 address 2 , address 2 

1000 Status - 1 =Rota- 1 =Drive 
! 

1 = Physi- 1 =Con- 1 = D~ive - - - I 

(8) controller/ tional word 2 

l 
cal unit troller/ word 1 

formatter position formatter 
or drive status 

1001 Read 1 =Transfer O=Address - - Residue byte count remainder 
(9) sector 1 =Data after dividing data field byte count + 16. 

I 

I I 1010 Write 1 =Transfer 0 =Address - - I 

(A) sector 1 =Data 
23 22 21 I 20 

I 

1011 Error - - 1 =Shift 1 = Shift - - 1 =Input i 1 =Input 
(B) correction PO Pl, P2, P3 error error 

I 
correction! code control register registers correction 
code code 
control control 
conditions pattern 

I 

1100 ! Diagnostic 1 = RTZ 1 =Clear 1 =Clear 1 = Clear 1 =Clear 1 =Clear 1 =Clear 1 =Clear 
(C) I attention check fault error RPS drive controller I 

I 
diagnostic status recovery I status formatter 

i status 
I 
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TABLE 4-2. TAG BUS CODES (Contd) 

Tag Controller/ 
Bus Formatter 
Bits or Drive 0 1 2 
0-3 Command 

1101 Error 1 = Early strobe 1 = Late 1 = Posi-
(D) recovery strobe tive off-

set 

1110 Format write - - -
(E) 

1111 Drive Bit 0 Bit 1 Bit 2 
(F) interface 

echo 
data 

GENERAL REGISTERS 

The 16 random-access memory registers are considered 
general working registers. Their contents and applications 
are discussed under Registers above and in section 2. 

Rl REGISTER 

Loaded from the internal bus, this 8-bit register/counter is 
completely controlled by controlware. The STROBE Rl 
signal clocks the source data selected by the current micro 
instruction into the Rl register. The micro-control program 
has the capability to add +1 to the Rl register contents 
through activating the enable, RlINC. It may also compare 
the contents of the Rl register to the contents of the 
currently selected file register. This is available through 
the hardwired cornparator on both its and the random-access 
memory's output. The compare output signal RlEQRAM is 
one of the conditions that may be tested by the conditional 
jump program logic. The Rl register can be loaded from or 
transferred to (figure 4-11) any element in the drive 
interface with the exception of direct memory access logic. 
Its output may also be transmitted to the CPU's A register 
when micro-control signal R 1 TOA is asserted. The inherent 
flexibility of the Rl register provides the controlware with a 
temporary buff er for status, echo pattern data, and error 
correction code inforrnation, as well as a timing or loop 
counter for program logic decisions. When used in 
conjunction with the random-access memory and compara­
tor, a software function decode and rudimentary arithmetic 
capability exists. 

DRIVE INTERFACE MICRO PROGRAMMING 

Most of the control logic within the drive interface is 
implemented by micro instructions contained within read­
only memory (ROM). This design approach replaces the 
more conventional hard-wired random logic (interconnected 
gates and flip-flops). To understand the drive interface 
control logic, the reader must first understand how the 
micro-control section operates and then understand how to 
follow the logical program flow as described by the flow 
charts. 
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Bus-Out Bits 

3 4 5 6 7 

1 = Nega- Offset 23 Offset 22 Offset 21 Offset 2° 
tive offset 

- - - - -

Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 

The following describes the drive interface's micro 
controller and its operation and implementation. The micro­
program flow charts are discussed in section 5 and in the 
appendixes. 

Micro-Control Implementation 

The micro controller consists of only three basic sections: 

• , Read-only memory 

• Program sequence control 

• \Hero-operation decode 

Read-only Memory 

The read-only memory consists of three factory­
programmed integrated circuits, each containing 512 eight­
bit words. The three circuits are paralleled within the logic 
and are accessed simultaneously to provide a 24-bit micro­
instruction word. 

Program Sequence Control 

This section contains the logic necessary to control micro­
program sequencing. As each micro instruction is executed, 
it must determine the address of the nex:t micro instruction 
to be executed. This is done by conditional jumps. Every 
micro instruction contains a jump condition field. If the 
jump condition is satisfied, the sequence control logic causes 
a program jump to the address specified within the jump 
address field of the micro instruction. If the jump condition 
is not satisified, the sequence control causes the current 
micro-instruction address to be incremented by one. 

Micro-Operation Decode 

The execution of each micro instruction causes a small part 
of the total drive interface operation to occur. The 
operation decode section determines the specific micro 
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operation to be performed. Within the drive interface, there 
ar,e only two types of operations: 

• Moving data from one point to another. This is 
specified by a source and destination field within the 
micro instruction. Source data may originate within the 
CPU's A or Q registers, which are working registers 
within the drive interface, or within the bus in from the 
controller/formatter. Destinations consist of CPU 
interface registers within the drive interface, 
controller/formatter interface registers within the 
drive interface, _or internal drive interface working 
registers. 

• Setting and clearing control flip-flops. The flip-flops 
are used to drive CPU and controller/formatter 
interface lines, to enable and disable internal drive 
interface hardware functions, and to provide CPU 

_ status signals. 

Micro-Instruction Word Format 

Figure 4-12 shows the micro-instruction word format. The 
specific fields within the micro instruction are defined 
below. 

s 
~13 9 

0 I F 

'---...----' 
CONTROL FLIP-FLOP 

23 22 18 17 16 15 13 12 9 s 7 

JUMP 
CONDITION 

0 = J'YIPF 
1 = J!'.!PT 

11:11;5 

SOURCE ~.~JINA-

MODE 

DIRECT DATA 

JA 
'YllCRC>-ME'.\fORY ADDRESS 

~NO OPERATION ON S, D, OR F FIELDS 
01 SOURCE/DESrINATION 
10 CLEAR FLIP-FLOP 
11 SEf FLIP-FLOP 

Figure 4-12. Drive Interface Micro-Instruction 
Word Format 

Jump Condition (JC) 

Bits 18 through 22 are used to select one of 32 possible jump 
conditions. Within the drive interface, only 24 of the 
possible ju;np conditions are used. The jump conditions 
allow the micro program to make true/false decisions on 
both internal and external conditions and branch (or jump) 
accordingly. Bit 23 of the micro instruction provides added 
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micro-programming flexibility by allowing the selected 
condition to be tested for either the true or false state. 

Mode (M) 

Bits 16 and 17 are used to define the specific micro 
operation to be performed (move data or set/clear control 
flip-flops). The binary coding of these two bits determines 
the use of micro instruction bits 9 through 15. 

Source (S) 

Bits 13 through 15 specify one of eight possible data sources. 
In this case, data is information gated onto the drive 
interface's internal data bus. The source field of the micro 
instruction is meaningful only if the M field is a binary 01. 

Destination (D) 

Bits 9 through 12 specify one of 16 possible destinations. 
Decoding of the D field results in a strobe signal that is 
generally used to load data into a destination register 
connected to the drive interface's internal data bus. 
However, for three of the D field codes, the strobes are used 
for internal drive interface operations that are not related 
to moving data. 

Control Flip-Flops (F) 

Bits 9 through 13 define one of 32 possible control flip-flops. 
Within the drive interface, only 24 of the possible flip-flops 
are used. This coding for bits 9 through 13 is enabled only 
when M field bit 17 is a logical 1. In this case, bit 16 of the 
M field determines whether the addressed flip-flop is set or 
cleared. 

Jump Address (JA) 

Bits 0 through 8 specify the address of the next micro 
instruction to be executed if the selected jump condition is 
satisfied. Since the JA field consists of nine bits, the micro 
program jumps directly to any address within the total 512 
words of the read-only memory. 

Direct Data (DD) 

Micro-instruction bits 0 through 7 can be used direcUy as a 
data source onto the drive interface's internal data bus. 
These bits are used for direct data only when it is certain 
that the jump condition is not satisfied and therefore the 
jump address is not used. In this case, micro-instruction 
execution becomes sequential. Note that bits 0 through 7 
are never used for both direct data and a jump address 
within the same micro instruction. 

Tables 4-3 through 4-7 specify the binary coding, 
mnemonics, and definitions for the JC, M, S, D, and F 
micro-instruction fields, respectively. 
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TABLE 4-3. JUMP CONDITION FIELD 

Micro-Instruction Register Bits 
Mnemonic Hardware Condition - False/True State 

22 21 20 19 18 

0 0 0 0 0 TRUE Unconditional one (true) 

0 0 0 0 1 AQEXEC A/Q execute - flip-flop with clear/set 

0 0 0 1 0 A7 A register, bit 7, zero/one 

0 0 0 1 1 ADFLD Address field (Gap A) flip-flop, clear/set 

0 0 1 0 0 WRTFF Drive interface write flip-flop, clear/set 

0 0 1 0 1 LFLAG Loop flag flip-flop, clear/set 

0 0 1 1 0 TSTMD Test mode flip-flop, clear/set 

0 0 1 1 1 R107 R 1 register, bi_!, 7, zero/ one 

0 1 0 0 0 PROT A/Q drive interface operations, unprotected/protected 

0 1 0 0 1 BI EVEN Bus in data parity, odd/even (error) 

0 1 0 1 0 CE Check end interface line, false/true 

0 1 0 1 1 - - Not used 

0 1 1 0 0 NEORCE Normal end or check end line, false/true 

0 1 1 0 1 XCOMP Direct memory access transfer complete 

0 1 1 1 0 ALARM Alarm condition false/true 

0 1 1 1 1 EMPTY First-in/first-out data buff er register full/empty 

1 0 0 0 0 CUSEL Controller/formatter presently not/is selected by drive interface 

1 0 0 0 1 TAGVAL Tag valid line, false/true 

1 0 0 1"· 0 SECTOR Sector pulse, true/false 

1 0 0 1 1 INDEX Index pulse, false/true -

1 0 1 0 0 RlFULL Rl register full flip-flop, clear/set 

1 0 1 0 l BLEQZ Buffer 1,length register equals zero, false/true 

l 0 l 1 0 RlEQRAM Rl register not/is equal to random-access memory 

1 0 1 1 1 AUTOL Autoload switch not/is set 

1 1 0 0 0 Not available 

1 1 0 0 1 Not available 

1 1 0 1 0 Not available 

1 1 0 1 1 Not available 
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TABLE 4-3. JUMP CONDITION FIELD (Contd) 

Micro.:.Instruction Register Bits 
Mnemonic Hardware Condition - False/True State 

22 21 20 19 18 

1 1 1 0 0 Not available 

1 1 1 0 1 Not available 

1 1 1 1 0 Not available 

1 1 1 1 1 Not available 

TABLE 4-4. MODE CODES 
( 

Micro-Instruction 
Register Bits Mode Definition 

17 16 
·. 

0 0 No operation No micro operation is performed; the S, D, and F fields MIR09 through MIR15 are 
ignored. 

0 1 S/D MIR13 through MIR15 equals the source and MIR09 through MIR12 equals the 
destination register address (ref er to tables 4-5 and 4-6). 

0 1 Strobe MIR13 through MIR15 contain zeros (the source field is not used); the destination 
field (MIR09 through MIR12) contains a hexadecimal code of B, C, or D (refer to 
table 4-6). 

1 0 Clear MIR14 and MIR15 equals O; MIR09 through MIR13 equals the identifier code of 
the flip-flop/control line to be reset (ref er to table 4-7). 

1 1 Set MIR14 and MIR15 equals O; MIR09 through MIR13 equals the identifier code of the 
flip-flop/control line to be set (refer to table 4-7). 

TABLE 4-5. SOURCE FIELD (MODE CODE= 01 BINARY) 

Micro-Instruction Register Bits 
Mnemonic Register Name or Source 

15 14 13 

0 0 0 BUSI.N Data bus in 

0 0 1 MIR , MIR bits O through 7 (direct data) 

0 1 0 SRl Rl Register 

0 1 1 SCRAM Selected file register random access memory 

1 0 0 SFLR Field length register bits 0 through 3 and MIR bits 4 through 7 combined 

1 0 l Q Q-register bits O through 3 

1 1 0 AL A-register lower, bits 0 through 7 

1 1 l AU A-register upper, bits 8 through 15 
--·---' -··- -
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TABLE 4-6. DESTINATION FIELD (MODE CODE= 01 BINARY) 

Micro-Instruction Register Bits 
Mnemonic Destination Register or Strobe 

/ 
12 11 10 9 

0 0 0 0 Rl Rl register 

0 0 0 1 FLR Field length register FLROO lhrough FLR07 

0 0 1 0 - Not used 

0 0 1 1 BLL Buffer length register, lower bits O through 7 

0 1 0 0 BLU Buffer length register, upper bits 8 through 15 

0 1 0 1 CWAL Current word address register, lower bits 0 through 7 

0 1 1 0 CWAU Current word address register, upper bits 8 through 15 

0 1 1 1 CWAUU Current word address register, bits 16 and 17 

1 0 0 0 TBR Tag bus register 

1 0 0 1 BOR Bus out register 

1 0 1 0 RAM One of 16 file registers selected by the contents of FLROO through FLR03 

1 0 1 1 RUNC Increment Rl register (+l strobe) 

1 .1 0 0 BL DEC Decrement buffer length register (-1 strobe) 

1 1 0 1 DMACLR Direct memory access clear strobe 

-1 1 1 0 Not used 

1 1 1 1 - Not used 

TABLE 4-7. CONTROL FLIP-FLOP FIELD (MODE CODE= 10 or 11 BINARY) 

Micro-Instruction Register Bits 
Mnemonic Control/Status Flip-Flop or Enable Definitions 

13 12 11 10 9 

0 0 0 0 0 REPLY Reply fiip-fiop (set mode only) 

0 0 0 0 1 REJECT Reject fiip-fiop (set mode only) 

0 0 0 1 0 - Not used 

0 0 0 1 1 - Not used 

0 0 1 0 0 CUERR Controller/formatter error (set mode only) 

0 0 1 0 1 NEED Need controller/formatter (set mode only) 

0 0 1 1 1 XFER Transfer complete 
-

0 0 1 1 1 EOC End of cylinder 
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TABLE 4-7. CONTROL FLIP-FLOP FIELD (MODE CODE = 10 or 11 BINARY) (Contd) 

Micro-Instruction Register Bits 
Control/Status Flip-Flop or Enable Definitions Mnemonic 

13 12 11 10 9 

\ 

0 1 0 0 0 TAGOUT Tag out 

0 1 0 0 1 RESP Response 

0 1 0 1 0 LPFLG Loop fiagt 

0 1 0 1 1 TM Test modet 

0 1 1 0) 0 ) WRT Write t 

0 1 1 0 1 ADRFLD Address field (gap A) t 

0 1 0 1 0 READ Read 

0 1 1 1 1 ALENB Autoload enable 

1 0 0 0 0 BUSY Busy 

1 0 0 0 1 DMAGO Direct memory access go 

1 0 0 1 0 pp Program protect bit 

1 0 0 1 1 - Not used 

1 0 1 0 0 RlTOA Enable Rl register to A register 

1 0 1 0 1 FULWRT Enable full memory write cycles 

1 0 1 1 0 RlMSB Inhibit output of Rl bit 7 

1 0 1 1 1 - Not used 

1 1 0 0 0 - Not available 

t Set/reset condition of flip-flops may be tested by conditional jump instructions. 

CONDITIONAL AND UNCONDITIONAL JUMPS AND 
SEQUENTIAL EXECUTION 

Every micro instruction contains a jump condition field. If 
the jump condition is satisfied, the sequence control logic 
causes a program jump to the address specified within the 
jump address field of the micro instruction. 

In many micro-programming situations, it is necessary to 
force an unconditional program jump or to force sequential 
program execution (sequential execution is required when 
micro-instruction bits 0 through 7 are used for direct data). 
Thes_e operations are forced by selecting jump condition 0, 
which is hard-wired to a logical 1 (refer to table .4-3). If 
MIR bit 23 is a O (jump if the condition is false), the jump 
condition is not satisfied and the drive interface executes 
the next micro instructioi. in sequence (sequential 
execution). However, if MIR bit 23 is a 1 (jump if the 
condition is true), the jump ~ondition is satisfied. This then 
becomes an unconditional jump micro instruction. 
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MICRO-INSTRUCTION CODING 

The above capability is used in the coding of micro 
instructions. The conditional jump micro instructions are 
coded with the mnemonic JMPT (jump if the condition is 
true) and JMPF (jump if the condition is false). An 
unconditional jump is coded as UIP, and sequential micro 
instructions are coded as SEQ. In addition, the remaining 
micro-operation mnemonics (S, D, and F) are combined with 
the above mnemonics to form the possible combinations of 
micro instructions. These combined micro-instruction 
mnemonics and abbreviations are used throughout the micro­
program fiow charts and listing (appendixes A and B) to 
facilitate understanding. 

The 11 different drive interface micro-instruction formats 
are shown in figure 4-13. 
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23 16 15 13 12 9 8 7 0 

SEQSD I 0 
0 0 0 0 0 0 1 s D fa DD 

23 17 16 15 14 13 9 8 0 

SEQ FF I 0 
0 0 0 0 0 

I DO 0 I F I 0 
0 0 0 0 0 0 0 ol 

0 = CLEAR 
1 =SET 

23 9 8 0 

UJP 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 JA I 
23 16 15 13 12 9 8 0 

UJPSD I' 0 0 0 0 0 0 s D JA 

23 17 16 15 14 13 9 8 0 

UJPFF I 1 
0 0 0 0 0 1 I I 0 0 I F JA 

\._./ 

O = CLEAR 
1 :-: SET 

23 18 17 9 8 0 

J;\IPF I 0 I JC I 0 
0 0 0 0 0 0 0 

0 I JA 

23 18 17 16 15 13 12 9 8 0 

J:\IPFSD I 0 I JC I 0 
11 

s I D JA 

23 18 17 16 15 14 13 9 8 0 

JM PF FF H JC 
J 1u0 0 I F JA 

0 = CLEAR 
1 =-SET 

Figure 4-13. Micro-Instruction Formats (Sheet 1 of 2) 
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23 18 17 9 8 0 

JMPT 
I 1 I 

JC I D 0 0 0 0 0 0 0 D I JA 

23 18 17 16 15 13 12 9 8 0 

JMPTSD I 1 I 
JC 

ID l I s D JA 

23 18 17 16 15 14 13 9 8 0 

JMPTFF I 1 I JC 
I 1 I I D DI 

F JA 

'-...,J 

O = CLEAR 
1 =SET 

0484 

Figure 4-13. Micro-Instruction Formats (Sheet 2 of 2) 
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DIAGRAM DESCRIPTION 5 

This section provides the facing page logic descriptions for 
the drive interface. To use the information contained in this 
section, refer to the field print package associated with the I drive interface. 

Logic drawing sheets 1 through 9 list the voltage distribution 
and external signal mnemonics in alphabetical order and 
their corresponding input or output backplane pin. The 
Page-Zone column allows the user to locate the source and 
destination of a drive interface interface signal within the 
drawing package. 

I 

Figure 5-1 is the complete block diagram of the disk 
adapter. It is provided as an aid in relating the theory of 
operation for any particular logic block to the rest of the 
drive interface's logic. 

CONTROLLER/FORMATTER SELECTION 

Controller/formatter selection occurs when a software unit 
select function is output to the drive inter! ace and the 
controller/formatter is not already selected. Selection is 
accomplished through the execution of a dedicated micro 
routine in the controlware program. In this routine, a micro 
instruction causes the assertion of micro control signal 
MSNEED, which sets need flip-flop H2-6. Hold flip-flop 
J3-6 is next set if the following conditions are met by the 
other inputs of NAND gate H3-6: SELACTIVEIN is low 
(H4-11) indicating the controller/formatter is not presently 
selected, and SELECTHOLD (0 or 1) from the alternate 
drive interface, via jumper connection E14, is low meaning 
the alternate drive interface is not selecting the 
controller/formatter. 

Once the hold flip-flop sets, selection of the 
controller/formatter occurs when it is available, barring a 
controller/formatter fault condition. 

The controller/formatter responds to successful selection by 
asserting SELACTIVEIN to this drive interface. If ANDed at 
NANO gate J4-8 with the set condition of the hold flip-flop, 
the resultant low signal passes thr.ough AND gate J2-6 and 
resets the need flip-flop. 

The low-to-high transition occurring on the Q output of the 
need flip-flop (H2-7) when it resets combined with the hold 
flip-flop being set clocks set the selected flip-flop J3-10. 

This drive interface continues to hold the 
controller/formatter selected until any one of the following 
conditions occur: 

• A director function with release control bit A06 set is 
received causing a low-to-high transition at flip-flop 
J3-4. 

• A clear drive interface director function asserts signal 
CLRDA at NOR gate H5-12. 
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• A force release condition exists, c~using forced release 
flip-flop K2-6 to be set. Forced release flip-flop K2-6 
is enabled set at its pin 2 by the hold flip-flop being set. 
If for any -reason the controller/formatter drops its 
SELACTIVEIN signal to a low level prior to the normal 
end of the operation, this low-to-high transition at 
inverter H4-10 clocks the forced release flip-flop set. 
This flip-flop's Q output going high passes through NOR 
gate H5-11. The resultant low resets the hold flip-flop 
via AND gate J2-10. 

If the alternate drive interface requests the 
controller/for matter via its select hold and the 
controller/formatter is available for selection as indicated 
by its SELACTIVEIN signal at a low level, NANO gate J4-11 
outputs a low. This prevents the hold flip-flop from setting 
via its pin 1. This is used to resolve simultaneous 
controller/formatter select attempts by two drive interfaces 
in a dual CPU configuration. 

During the time that DAO has the controller/formatter 
selected, the alternate drive interface is inhibited from 
receiving the controller/formatter's SELACTIVEIN signal. 
The hold flip-flop being set places a low from its pin (L4-8) fi 
to AND gate J2-13. This disables the transmitting of the U 
active high level SELACTIVEIN signal to DAL When DAO 
does not have the controller/formatter selected as indicated 
by its hold flip-flop being reset, the SELACTIVEIN signal is 
propagated to DAl as signal SELACTIVEOUT (refer to logic 
sheet 12). 

Additional control of the controller/formatter selection 
process is obtained through drive interface director function 
commands. If A-register bit 7 is a 1, the director function 
triggers 5 microsecond request release one-shot K3-7. Its 
output asserts the SELECTHOLD request line to the 
contrqller/formatter for the one-shot time period. The 
controller/formatter interprets this timed action as a 
request rather than a forced release. 

To force the release of the controller/formatter by the 
alternate drive interface, a director function with AOS equal 
to 1 triggers 100-microsecond force release one-shot K3-9. 
Its output also drives the SELECTHOLD line through OR 
gate H3-11. 

The controller/formatter error flip-flop is shown on sheet 
10. It may be set either by the controlware program via the 
MSERR signal or by the detection of a parity error on bus in 
during a data input from the controller/formatter. The Q 
output (H2-9) of the controller/formatter error flip-flop is 
logically ORed with the other fault conditions at Hl-8 to 
create the ALARM signal. 

MASTER TIMING 

The clock on sheet 11 provides the only source of master 
timing within the drive interface. It is free-running and is 
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Figure 5-1. Drive Interface Functional Block Diagram 

stopped only by the CLRDA term, which is a result of a 
master clear, a clear drive interface output function from 
the CPU, or a power on master clear. 

The drive inter! ace master clock consists of two series­
connected one-shots with a recirculating output, creating a 
closed loop oscillator. One-shot E3-10 sets the clock's pulse 
width at approximately 70 nanoseconds. It is triggered when 
the pulse rate one-shot E3-6 times out after approximately 
130 nanoseconds. The ganged output inverters H4 feed the 
clock output back to input driver Es-·2. The positive trailing 
edge of the 70 nanoseconds CLK (referenced at H4-2) is 
passed through NANO gate E5 with the resulting low out 
retriggering the 130 nanoseconds one-shot, causing a 
positive pulse to appear on its pin 6. When this one-shot 
times out, the resultant high-to-low transition on the input 
of one-shot E3-11 causes it t;"' trigger for approximately 70 
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nanoseconds. This clock output is use<;I by the read-only 
memory address register, the A/Q reply and reject flip­
flops, and the drive interface register's micro-control 
strobes. 

Note that the drive interface clock timing is particularly I 
critical and should be within ± 2 percent of the values shown 
(130 nanoseconds ± 2.6 nanoseconds ± 1.4). 

The total clock period is approximately 200 nanoseconds. 
An individual clock cycle is defined as beginning with the 
positive leading edge of the 130 nanoseconds pulse. 

During this period, several logic events occur. First, the 
address contained in the read-only memory address register 
is fetched and the instruction resident there is decoded. 
Data from the source specified by that instruction is allowed 
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to settle through the internal bus multiplexer, and a 
destination flip-flop or register is being addressed. On the 
leading low edge of the 70-nanoseconds clock pulse, the 
destination register or control flip-flop is strobed. 

The positive edge of the 70-nanoseconds clock is used for 
either incrementing or loading the read-only memory 
address register integrated circuits, E7 and ES. Selection of 
the increment or load term is a function of signal JCOND 
(see Control Memory below)~ 

CONTROL MEMORY 

The address of the current micro instruction is contained in 
read-only memory address register integrated circuits, E7 
(higher order) and ES (lower order), plus read-only memory 
page flip-flop E6 (sheet 11). Selection of the address loaded 
into this address register is controlled by two logic signals, 
JCOND and TRANSFORM, with the address itself supplied 
by address multiplexer integrated circuits, B7 and BS. 

During the execution of a jump format micro instruction, 
the eight bits of its jump address field (MIROO through 
MIR07) are applied to the input of the B7 and BS 
multiplexers. If this read-only memory address is not a 
hexadecimal lEO, then logic signal TRANSFORM is at a high 
level. This selects the MIROO through MIR07 bits on the 11 
inputs of the address (B7 and BS) multiplexer, through it to 
the input of the read-only memory address register. These 
micro-instruction register bits are only loaded into this 
register if the test made by the jump micro instruction is 
successful. In this case, the read-only memory address 
register's load term JCOND is asserted low, resulting in the 
loading of a new read-only memory address into this 
register. Page flip-flop E6 is also enabled by JCOND at 
NAND gate E5-12 to latch on the state of read-only memory 
address bit MIROS. If the logic condition does not meet the 
test made by the micro instruction's jump condition, then 
signal JCOND remains at a high level. This allows the read­
only memory address currently contained in the address 
register to be incremented by 1 on the next clock transition. 
The sequential address immediately following the unsuccess­
ful jump instruction is fetched next and executed. The read­
only memory address register is clocked with the positive 
edge of the CLK signal. With every clock cycle, it is either 
loaded or incremented. 

The other form of addressing the read-only memories is 
through the Q function transform (Qf). A micro routine 
designated by the program label idle is initiated when the 
drive interface is powered on. Recognizing any software 
A/Q command causes the drive interface to set busy status 
and jump to an area in the read-only memory designated by 
the program label high. This exit jump from the idle routine 
is actually a reference to a unique read-only memory 
address of lEO hexadecimal. The only time this read-only 
memory address is ever referenced is when the drive 
interface first goes busy; this special address is sensed by 
NAND gate B6-S located at the output of read-only memory 
bits MIR05 through MIROS. Any micro instruction ending 
with a hexadecimal value of lEO through lFF is decoded as a 
Qf transform. Decoding of the read-only memory address 
labeled HIGH in the flow charts asserts signal TRANSFORM 

I at a low that selects the 8 inputs when applied to address 
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multiplexer BS and B7. These inputs on multiplexer B7 are 
tied high, providing constant 1 inputs, while the inputs on 
multiplexer BS originate from the CPU's Q register, bits 00 
through 03. Pin 2 of multiplexer B7 (AQWRT) is high when 
this is a CPU output from the A operation and low when the 
operation is an input to the A register. The end result is a 
read-only memory address in the range of EO through FF 
hexadecimal that is generated on the output of the address 
multiplexer. The specific address between EO and FF 
hexadecimal is determined by the state of logic signal 
AQWRT plus the' Qf field bit configuration. 

Page flip-flop E6-6, set by MIROS being a 1 in the IDLE 
micro routine exit jump instruction, enables the upper 256 
addresses of the read-only memories at their AS address 
inputs. The actual address range referenced by the 
transform logic and the page flip-flop equates to lEO 
through lFF. Each of these addresses contains an uncondi­
tional jump micro instruction to the particular execute 
micro routine that performs the software input/output 
function defined by the Qf bits. This transform capability 
allows the drive interface to decode one of 32 possible 
input/output commands in only one drive interface micro 
instruction. 

READ-ONLY MEMORY ADDRESS 
REGISTER 
The read-only memory address register/counter is preset via 
its PO through P3 inputs whenever JCOND (jump condition 
met) is low at the PE input. The least significant four· bits 
of the address occupy integrated circuit ES with the count 
carry out term (pin 15) being connected to the higher order 
stage's carry-in at E7-10. At each positive edge of the 
clock applied to pin 2, the lower order stage ES increments 
+1. E7 increments upon receiving a carry into its pin 10. 

Note that even though the three-state-type read-only 
memories have a final address of lFF, the maximum address 
count of the memory address register is OFF. The drive 
interface control program cannot increment across the 
boundary between the lower and upper 256 read-only 
memory locations but must jump across the boundary by 
setting or clearing the page flip-flop. 

DESTINATION STROBES AND CONTROL 
FLIP-FLOPS 
Ref er to the drive jnterface micro-instruction word format. 

Sheet 12 shows the logic for decoding the destination strobes 
and for setting and clearing the control flip-flops. The 
control flip-flop field of the MIR register allows addressing 
of 32 flip-flops (five bits). The drive interface includes logic 
for only 24 flip-flops. The flip-flops are divided into three 
groups of eight flip-flops. 

Circuit G4 decodes which group of eight flip-flops are 
addressed as determined by MIR bits 12 and 13. The decode 
is enabled by MIR bit 17. 

Circuit F2 is enabled when flip-flops 0 to 7 are addressed. 
The specified flip-flop is decoded from MIR bits 9, 10, and 
11. This group of eight consists of discrete flip-flops 
scattered throughout the drive interface logic. 
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The second group of eight flip-flops is located within the 
eight-bit addressable latch at Gl, and the third group of 
flip-flops is located at G2. Each group is enabled out of the 
group decode at G4. The specified flip-flop is addressed via 
MIR bits 9, 10, and 11 within the addressable latch and Js set 
or cleared as directed by MIR bit 16. 

The drive interface micro-instruction word includes a four­
bit destination field. The term destination refers to 
registers within the drive interface that are loaded from the 
internal bus as specified within the S field. The 16 
destination strobes are decoded from MIR bits 9 through 12 
at circuits F5 and G5. 

Note that the destination strobes are not used exclusively 
for loading destination registers; the three exceptions are 
RlINC (increments the Rl register), DMACLR (clears the 
DMA section logic), and BLDEC (decrements the buffer 
length register). 

The set/clear control flip-flop field decode, on sheet 12 is 
enabled by MIR bit 17 being a logical 1, and the destination 
strobes are enabled by MIR bit 16 being a 1 and MIR bit 17 
being a O. This is as specified by the M field of the micro­
instruction word format. , 

JUMP TEST LOGIC 

Sheet 13 contains the multiplexing for jump condition (JC) 
testing. The JC field within the micro-instruction word 
allows selection of 32 conditions (five bits). The drive 
interface includes logic for selecting only 24 conditions. 
The multiplexing of these conditions is divided into three 
groups of eight conditions each. 

The group decode is accomplished by circuit D3 from the 
decode of MIR bits 21 and 22. 

The individual condition to be tested is selected by the 
multiplexers at locations Fl, Dl, and D2. The output of the 
Fl, Dl, and D2 multiplexers is ORed together at gate H3-12 
and then exclusive ORed with MIR bit 23 at gate M9-8. This 
use of MIR bit 23 provides added micro-programming 
flexibility in that any condition may be tested for either a 
true or false state. 

If the jump condition is satisfied (i.e., JCOND is low), a new 
address (the jump address, MIR bits 0 through 8) is loaded 
into the read-only memory address register on the positive 
leading edge of the next clock signal. 

Note that some of the jump conditions being tested are 
asynchronous with respect to the drive interface. To avoid 
tf1e possibility of testing a condition that is changing, these 
conditions are latched into the registers at locations El and 
E2. The register is updated with every clock cycle. 

The cross-coupled gate with output N2-8 is used to debounce 
the AUTOLOAD switch. 
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A/Q CONTROL 

During an A/Q input/output command, the input/output 
device address from the Q register (sheet 14) appears on the 
ADROS/ through ADRll/ backplane lines at comparator 
N13. The equipment address bits are compared against the 
address assigned to the drive interface by jumpers E43 
through E54. A match causes N13-6· to go high, indicating 
drive interface selection. The DAROW signal from NOR 
gate A7-l is tl}e logical AND of read or hrite and the drive 
interface select signal from the comparator. 

The four least significant bits from the CPU Q register 
(signals ADROl/ through ADR04/) are buffered by the AS 
inverters and then decoded through circuit A6-8 for a 
function code of eight (binary 1000). The Q = 8 output of 
AND gate A6 indicates the drive interface received an A/Q 
director function or status request command. 

The signal PROTOK from circuit A4-6 is a logical 1 if the 
drive interface is unprotected (as determined by jumper E21, 
E22, or E23) or if the drive interface is protected and the 
input/output command is also protected as indicated by the 
signal PROG-PROT I being low. 

The A/Q read or write flip-flop at C2-6 is enabled by the 
output of AND gate A2-3. Gate A2-3 is a 1 if the DAROW 
signal is true and the output of circuits A5-11 and A5-8 are 
both high (true). Circuits A5-11 and A5-8 are open 
collector NAND circuits that are wire-ORed together. The 
inputs to these two N AND gates represent those conditions 
that must be satisfied for the drive interface to accept and 
execute any input/output command. Since almost all 
input/output commands are executed under firmware 
control, the drive interface is only able to accept 
input/output commands when it is not busy. The drive 
interface being not busy requires that the controlware be in 
the idle state and not executing a previously initiated 
command. The exception is either a read or write with a 
function code of eight (drive interface status or drive 
interface director function). These two commands are 
accepted at any time, irrespective of a drive interface 
BUSY signal. The above conditions are logically imple­
mented by circuit A5-8. Output A5-8 is a logical 1 only if 
the drive interface is not busy or Q = 8 is true. 

The other condition that must be satisfied is program 
protect. This is logically implemented by circuit A5-11. 
Output A5-11 is true if PROTOK is a logical 1. Gate A4-3 
is used to effectively disable gate A5-11 when the drive 
interface status command is decoded (Q = 8 true and read 
true), because the drive interface's protected state does not 
affect the execution of a drive interface status request 
command. 

If the above conditions are satisfied, AND gate A2-3 is true, 
enabling the A/Q read or write flip-flop to set on the next 
leading edge of the CLK signal. The flip-flop output signal, 
AQROW, is sampled by the control ware while in the idle 
loop. When true, the AQROW signal causes the controlware 
to initiate a Q transform to decode the function command. 
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If the conditions described above are not properly satisfied 
(for instance, a protect violation occurs), then the output of 
gates A5-8 and/or A5-11 is false. This causes the output of 
NAND gate A3-13 to be true, which enables the reject flip­
flop to set. Note that with every input/output command to 
the drive interface, either the reject flip-flop or the A/Q 
read or write flip-flop is set, but never both. The reject 
flip-flop may also be set under firmware control via the 
MSREJ signal. 

Reply flip-flop C3-6 may be set in either of two ways. For 
all input/output commands except function code 8, th~ 
flip-flop may be set under firmware control via the MSREP 
signal. For function code 8 commands (drive interface 
status or drive interface director function) the reply flip­
flop is enabled by AND gate A2-11. This represents the 
logical ANDing of AQROW, Q = 8 (via NOR gate A3-l), and 
the protect conditions of the drive interface being satisfied. 
In this case, the setting of the reply flip-flop follows the 
setting of the A/Q read or write flip-flop by one clock cycle, 
since both flip-flops are triggered by the same signal (CLK). 

The A/Q read or write flip-flop and the reply flip-flop or 
reject flip-flop are cleared when the DAROW signal drops. 
DAROW goes false when the CPU drops read or write 
indicating the completion of the input/output command. 

INTERRUPT CONTROL 

Interrupts to and from the drive interface are handled by the 
logic shown on sheet 15. A director function is decoded by 
AND gate A6-8 with its high true output signal FCTN 
enabling the remaining interrupt enable logic to sample their 
related A-register function bits. 

The interrupt enable register B5 is an eight bit addressable 
latch. One of its eight flip-flops is addressed by A-register 
bits 2 through 4 during a director function, while A05 sets or 
clears the addressed latch. Each 1 set into this register 
enables its related interrupt driver gate A5 or B4 and flip­
flop C2. In this way, software may enable or disable 
receiving any of the six interrupt conditions shown on the 
input of the drivers. As an example of interrupts in the 
drive interface, ref er to the ALERT 0/1 interface line at 
inverter Bl 2. When a drive selected by this drive interface 
has completed a requested seek operation, the 
controller/formatter sends a 1 microsecond pulse on the 
assigned (by jumper) ALERT line associated with this drive 
interface. This sets the SEEKEND cross-coupled latch B3. 
In turn, its output sets the A-register bit assigned as the 
seek complete flag during a status request function. Addi­
tionally, SEEKEND is applied to NAND gate A5-4. If 
software has enabled the seek end interrupt by setting B5-9 
to a 1, then NAND gate A5-6 drives RPINTxxl low. This 
results in a macro interrupt to the CPU. Note that the 
N AND drivers A5 and B4 are OR-wired, so that any driver 
with both inputs high pulls the RPINTxxl line low true. 

Gate A4-11 implements the CLRDA signal, which is the 
logical OR of the master reset (MRl) signal from the CPU 
and the clear drive interface direction function from gate 
A4-S. Gate A3-10 (CLRINT) implements the logical OR of 
CLRDA and the clear interrupts function from gate A6-11. 
The CLRINT signal resets all interrupt enables in register 
B5. 
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TAG BUS REGISTER 

The tag bus register (sheet 16) is loaded by controlware with 
a four-bit tag code as part of every command to the 
controller/formatter. The tag bus register receives its 
source data via the internal bus. Odd parity is generated by 
the exclusive M9 OR gates and transmitted with the four-bit 
code to the controller/formatter, via transmitter circuit N9. 
The transmitter output is enabled only when the 
controller/formatter is selected (CUSEL). 

BUS-IN RECEIVERS 

An eight-bit byte plus one parity bit, originating from the 
controller/formatter, is tested for odd parity by integrated 
circuit Al2 (sheet 16). Signal BUSINEVEN at A12-9 when a 
high flags a parity error condition sets the 
controller/formatter/err flip-flop (sheet 10), indicating an 
error was detected during a data transfer. The BUSINEVEN 
signal is also tested by the controlware program during 
status inputs from the controller/formatter. 

The data on the bus in also fans out to the internal bus 
selector (sheet lS) and the data FIFO buff er (sheet 21). 

Sheet 16 also shows memory error latch Fl2 which stores 
memory fault conditions detected during direct memory 
access data transfers. The output of this latch drives the 
alarm logic (sheet 10) and the A register multiplexer for 
drive interface status (sheet 26). 

BUS-OUT REGISTER 

The bus-out register consisting of flip-flops J7 and K7, is 
loaded by either of two load terms via NAND gate K5-11. 
Controlware asserts signal STBBOR when transmitting 
commands to the controller/formatter, and the bus-out 
register is loaded with data associated with that command. 
During a disk write operation, the direct memory access 
control logic transfers the write data to the 
controller/formatter by asserting signal WRTDMA.GO. This 
signal remains low during the entire data transfer and causes 
the bus-out register to directly pass input data through to its 
output (become transparent). Parity is assigned to the bus­
out register S-bit byte by parity generator L7. If an even 
count of bus-out register bits is indicated by a high at L7-9, 
then the QEV's (Q even) output of L7 is sent as the bus-out 
parity bit. This makes the total amount of ls transmitted on 
bus out an odd count. Transmitter circuits L6 and K6 are 
enabled by selection of the controller/formatter and out;:)Ut 
the bus-out register onto the bus out cable. 

BUS-OUT MULTIPLEXER 

The data input to the bus-out register is selected by bus-out 
multiplexers JS, J9, KS and K9. The selection code applied 
to the multiplexers Sl and SO inputs is conditioned upon an 
autoload (ALENABLE), direct memory access write 
(WRTDMAGO), and the OUTBYTED signal. The multiplexer 
selection codes are illustrated in table 5-1. 

5-5 



TABLE 5-1. MULTIPLEXER SELECTION CODES 

so Sl Through Multiplexer 

L L - Autoload jumper code 

L H (DOU xx) FIFO Data, ·first byte 

H H (DOLxx) FIFO Data, second byte 

H L (IBxx) Internal bus data 

INTERNAL BUS SELECTOR 

The source field of the micro instruction, MIR13 through 
MIR15, selects the source of data applied to the drive 
interface's internal bus (sheet 18). The multiplexer selection 
is unqualified; e.g., irrespective of whether the source data 
is used by this micro instruction or not, multiplexer 
selection always occurs. Note in table 5-2 that any micro 
instruction format with a source field code containing Os 
still results in the -selection of data to the internal bus, 
specifically the BUSIN from the controller/formatter. The 
CPU's 16-bit A-register data is handled at .the D6 and D7 
inputs of the multiplexers as two eight-bit bytes. Data 
brought through a multiplexer and onto an internal bus (IBxx) 
is strobed to a destination register only if the format of the 
current micro instruction specifies source and destination 
register gating. Source data and selection codes for the 
internal bus selector are shown in table 5-2. 

Application 

Autoload drive unit number 

Direct memory access data to controller/formatter 

Direct memory access data to controller/formatter 

Command parameter data to controller/formatter 
(non-direct memory access) 

MEMORY ADDRESS REGISTER 

The current word address or memory address register (sheet 
19) is an 18-bit counter. It is initialized to a main memory 
address in the CPU via the set first word address lower and 
upper output commands. Under control of the drive 
interface micro program, the memory address register is 
loaded eight bits at a time by the CWAL and CWAU 
destination strobes. The remaining two bits are loaded into 
the memory address register by strobe signal CWAUU. 
When main memory in the CPU accepts the request for a 
direct memory access cycle from the drive interface, it 
responds with the MCA (memory cycle accept) signal. This 
gates memory address register bits 0 through 15 through the 
open collector transmitter gates Gl3, Ht3, GU and HU. 
Gate G13-ll, whose output is shown as DMA-MABOl/, 
forms the least significant bit of the requested memory 
address. 

TABLE 5-2. SOURCE DATA SELECTION 

Selector Code 
Mnemonic Data Through Multiplexer 

l MIR15 MIR14 MIR13 

l 0 0 0 B USIN O-BUSIN7 Bus in data from controller/formatter I I I 
I 

0 0 1 MIROO-MIR07 Direct data from micro-instruction register i I 
j 0 1 0 RIOO-RI07 RI register contents I 

i I 0 1 1 RAMOO-RAM07 Random-access memory file register data I I 

! 1 0 0 FLROO-FLR03 and Field-length register and micro-instruction register combination I 

i MIR04-MIR07 
I 
I 1 0 1 QOO-Q03 CPU Q-Register bits 0 through 3 
I 

1 1 0 SD01-SD08 CPU A-Register bits O through 7 

1 1 1 SD09-SD16 CPU A-Register bits 8 through 15 
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For memory sizes above 65K, the two· most significant bits 
of the memory address register, DMA-MAB17/. and DMA­
MAB18/, must be connected. This allows the drive interface 
to directly address up to 131K of memory in a single CPU 
system or 262K in a dual CPU configuration. Note that 
MAB18 is gated onto the backplane with the earlier· MCR 
(memory cycle request) signal. This allows the memory's 
bank control logic adequate time to determine the selected 
memory (local or external) bank. 

At the trailing positive edge of the direct memory access 
request-accept signal (DMAl-RA/), the memory address 
register is incremented +1 at 012-5. The memory address 
register continues to increment for each data word transfer­
red until the buffer length register (sheet 23) goes to a zero 
count. In the event the memory address register reaches a 
maximum count (all ls), the next increment causes the 
memory address register to equal zero. 

FIELD-LENGTH REGISTER 

The field-length register (sheet 20) is loaded from___!he 
internal bus by controlware via the destination strobe, FLR. 
The field-length register serves a two-fold purpose. 

H7 of the field-length register, whose outputs are FLROO 
through FLR03, points to one of 16 random-access memory 
file addresses. Any micro-program access to the random­
access memory is with the file register whose address was 
previously loaded into this portion of the field-length 
register. 

The second application of the field-length register is during 
data transfers between the drive interface and the 
controller/formatter. In this application, the field-length 
register is used to determine the end of the data record and 
the beginning of the error correction code bytes for both 
read and write operations on either the address or data field 
of a sector. From the controller/formatter's standpoint, 
either the address or data field may be any length from one 
byte up to the maximum number of bytes per track. This is / 
restricted by the drive interface so that the address field 
always contains 10 bytes, but the data field may contain 
anything from one to 256 bytes. Note that this may be 
further restricted by CPU software or the disk sector 
conventions of the system. In any case, the drive interface 
must signal the controller/formatter during the data 
transfer when the data field ends and the error correction 
code field begins. 

Prior to a read or write command from the drive interface 
to the controller/formatter, the field-length register is set 
by controlware to a value dependent upon the operation 
being performed. In the case of a read or write address 
field, the field-length register is set to 9 (i.e., the number of 
bytes in the address field, minus one). In the case of a read 
or write data field, the field-length register is set to the 
field length value that is always read from the address field 
of the sector prior to initiating the read or write data 
operation. As part of the read or write command 
transmitted to the controller/formatter from the drive 
interface via the tag bus, the least significant four bits of 
the bus-out register are set (via controlware) from the least 
significant four bits of the field-length register. Within the 
controller/formatter, this value is stored in a four-bit 
modulo 16 counter (table 4-2). 

96761300 B 

During the data transfer between the drive interface and the 
controller/formatter, the field~length register is decre­
mented by 1 with each byte transferred by signal DECLFR, 
which originates in the drive interface's direct memory 
access control logic. At the same time, the modulo 16 
counter in the controller/formatter is also decremented. As 
the transfer continues, the controller/formatter's counter is 
allowed to underflow (i.e., count sequence goes 2, 1, 0, F, E, 
D, C, B ••• ) as long as the RECYCLE signal originating in 
the drive interface is a logical 1 (high).. The RECYCLE 
signal (sheet 20) goes false (low) when the drive interface's 
field-length register contains a count equal to or less than 7. 
This is determined by ·comparator J6, whose A inputs are 
hardwired for detecting a count of 7 remaining in the lower 
stage of the field-length register (H7), and its 8 inputs 
sampling for a O content in the higher stage (H6). Note that 
the RECYCLE signal is held false during address field reads 
or writes by the ADRFIELD signal through inverter G3-6. 
When the RECYCLE signal goes false, the counter in the 
controller/formatter is inhibited from underflowing 
(recycling). As the transfer completes, both the field-length 
register within the drive interface and the modulo 16 
counter within the controller/formatter both equal zero with 
the last byte transferred. When this occurs, cross-coupled 
latch M6 sets by the low-going borrow term from field­
length register H6-13. At this point, the 
controller/formatter either reads or writes the error correc­
tion code bytes, depending on the operation being " 
performed. 

The above sequence is repeated for each sector operated on. 
The hardware-implemented address field store sequence is 
not directly shown in the logic but is a part of the field­
length register operation. This sequence occurs during the 
read address portion of a data field read or write operation. 
Prior to reading or writing the data field of a sector, the 
drive interface must first read the address field of the 
sector and verify that the information contained in it 
indicates that this is the proper (target) sector to be 
operated on. The address field read operation is 
accomplished as described above, but in addition, the 
information bytes input from the controller/formatter are 
stored in the drive interface's random-access memory file 
register in sequential addresses as determined by the field­
length register. The address field data is read onto the drive 
interface's internal bus from the BU SIN by the instruction 
source field in the micro-instruction register being zero. 
The address field data is stored into the random-access 
memory file registers by logic on sheet 24. Each data byte 
sent to the drive interface on the BUSIN is accompanied by 
interface signal SYNCIN. Through inverter N8 (sheet 24), 
this signal becomes DMASYNCIN. Applied to NAND gate 
M6-6, it is ANDed with CUSEL, creating signal DECFLR. 
The FLR was previously set to a value of 9 by controlware. 
Signal DECFLR causes the field-length register to decre­
ment to a count of 8. The field-length register is now 
pointing at the random-access memory file address that 
holds flag byte 1, which was read from the address field 
(table 4-1). 

Signal DMASYNCIN is also applied to NAND gate M8-11 I 
(sheet 24). NAND gate M8-8 is allowed to assert 
SETRlFULL low true coincident with the 
controller/formatter's SYNCIN because the controlware 
does not set control flip-flop DMAGO (N2-13) until the 
address field read completes. 
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On logic sheet 22, signal SETRIFULL through AND gate 
F 4-3 causes the contents of the internal bus (fiag byte I 
read from the address field) to be written into random­
access memory file address S. The second address field byte 
(flag byte 2) is written into random-access memory file 
address 7 through the automatic decrementing of the field­
length register (caused by the controller/formatter's 
SYNCIN signal). 

The remaining address field bytes (sheet 22) continue to be 
written into the files, in descending order, until the 
controller/formatter terminates the operation by asserting 
its END (NORMAL or CHECK) interface signal to the drive 
interface. RIFULL cross-coupled latch E5 (sheet 22) is not 
used for this operation. 

FIRST-IN/FIRST-OUT DATA BUFFER 

INPUT DATA MULTIPLEXER 

The input to this multiplexer is I6 bits of data from main 
memory for a disk write operation (multiplexer pin I, WRITE 
high) or two eight-bit bytes of data (for a disk read 
operation originating from the BUSIN signal (sheet 2I). The 
outputs of multiplexers JI3, KI3, LI3, and MI3 are high true 
for data ones. 

FIRST-IN/FIRST-OUT BUFFER MEMORY 

Each FIFO circuit (Jl2, KI2, LI2, and MI2) consists of a 
four-bit wide by 64 words deep data buffer memory (sheet 
2I). Bytes are input parallel by the SHIFTIN0/1 signal and 
fall through to the lowest available output stage. The input 
ready signal (INPRx) from each FIFO circuit is· the only 
indication that an available cell exists for input data. 

The first byte put into the FIFO circuit becomes the first 
byte available at the output as indicated by output ready 
signal OUTRx. The second byte in is ·the second byte out, 
and so on. Data is taken from the FIFO buff er by the 
SHIFTOUT signal and stored in the data output register (JU, 
LU, and MU). As each word is taken out of the FIFO 
buffer, the remaining data stored falls through to the next 
lower output location. Note that SHIFTIN (data into ~he 
FIFO circuit) and SHIFTOUT (data out of the FIFO circuit) 
operations occur asynchronously with each other. 

The purpose of the FIFO circuit is to provide rate averaging 
and temporary storage for data transferred between CPU 
memory and the controller/formatter. During disk write 
operations, the FIFO buff er enables the drive interface to 
get ahead of the relatively high speed transfer demands of 
the controller/formatter and drive. During disk read 
operations, the FIFO buffer provides temporary storage for 
the incoming data and allows the drive interface to store 
data in CPU memory at a rate determined by other system 
demands on the me~mory. 

The shifting in of data to the FIFO buffer is synchronized to 
direct memory access data available from main memory 
(DMA-MDS) for a disk write operation. For a disk read 
operation, each data byte input on BUSIN is flagged by the 
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controller/formatter's SYNCIN. · FIFO circuits LI2 and MI2 
receive the first (left or most significant) byte and store it 
with SHIFTINI. The second byte (right or least significant) 
is stored in FIFO circuits JI2 and KI2 by the SHIFTINO 
term. The storing of successive bytes continues to bounce 
back and forth between the FIFO stages with each SYNCIN. 

After input data falls through to the FIFO output, a full 
I6-bit data word is transferred to the CPU's main memory. 
The OUTRx outputs from pin 4 of the FIFO circuits go to a 
high state, indicating the FIFO buffer has output data ready. 
This triggers a IOO-nanosecond one-shot, generating the 
SHIFTOUT signal to the FIFO buffers. At the trailing edge 
of SHIFTOUT, the data output register flip-flops (JU, Lll, 
and Mll) are clocked to latch the output of the FIFO buffer. 
Data from the output register is transmitted to memory by 
the open collector circuits JIO, KIO, LIO, and MIO for a disk 
read operation. For disk write operations, data from the 
output register is routed to the bus out multiplexer for 
transmission to the controller/formatter eight bits at a 
time. 

RANDOM-ACCESS MEMO'RY 
AND Rl REGISTER 
The random-access memory integrated circuits, HS and H9, 
are addressed by the contents of FLROO through FLR03, and 
input data from the internal bus is stored by signals 
STB.RAM or SETRIFULL (sheet 22). Each random.,..access 
memory integrated circuit holds I6 four-bit words. · The 
output data from the selected file is the compliment of the 
input data to that file. 

The RI register is a general-purpose internal data handling 
register, consisting of F9 and FS. It can be incremented (+I) 
under firmware control via the RllNC signal. 

The contents of the RI register and the random-access 
memory can be tested for equali.!Y....QL.comparators G9 and 
GS. Under micro control, signal RIMSB, when asserted low, 
causes the comparator .to ignore bit 7 of the RI register by 
forcing that input to a 0. The high true output of 
comparator GS-6, RlEQRAM, can be tested by a conditional 
jump•micro instruction. 

BUFFER-LENGTH REGISTER ' 

The buffer-length register (sheet 23) is used during disk read 
and write operations to keep track of the number of words 
transferred to or from CPU memory. 

The buff er-length register is initially loaded under control of 
the drive interface's micro program via the BLL and BL U 
destination strobes as a result of a software set buffer 
length output command. As direct memory access data 
transfers occur, the buffer-length register is decremented 
(-I) by the DECBLR signal with each I6-bit word trans­
ferred. This decrement occurs as a result of the SHIFTINO 
signal, which goes low when the second byte of the I6-bit 
word has been stored in the FIFO buffer. During test mode 
read operatfons, the buffer-length register decrement is 
initiated through NOR gate NI-4 by the MCRCLR signal. 
The buffer-length register is also decremented under micro 
program control via the BLDEC signal. 
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Cross-coupled latch N6 is used to capture the buffer length 
equal zero condition (underflow) via the BOR (borrow) term 
from G6-13. The circuitry required to clear the FIFO buffer 
memory is also shown on sheet 23. The DMACLR signal 
occurs under firmware control. The discrete circuitry (R2 
and C24), is required to produce a pulse of sufficient 
duration to clear the FIFO buffer. 

DIRECT MEMORY ACCESS CONTROL 

Sheet 24 shows part of the drive interface direct memory 
access control logic. Because of the high data transfer rate 
of the controller/for matter and disk drive, the direct 
memory access logic is not directly implemented by firm­
ware but by hardwired logic. This logic is enabled by the 
controlware via three micro-control signals: READ, WRITE, 
and DMAGO. READ and WRITE govern the direction of the 
data transfer, and DMAGO is used to start and stop the 
actual data transfer operation. Note that the terms READ 
and WRITE are referenced to the controller/formatter; that 
is, READ implies read from disk. 

During read from disk operations, the in data byte flip-flop, 
INBYTEO, at M3 determines whether the incoming byte is 
stored in the upper or lower half of the FIFO buffer memory 
word. The outputs of the in data byte flip-flop are fed back 
to NAND gates MS-6 and MS-12. As long as the buffer 
length register does not equal zero (BLREQZERO), the 
SYNCIN pulses from the controller/formatter that 
accompany each data byte sent to the drive interface 
alternately generate the SHIFTINO or SHIFTINl signals to 
the FIFO buffer. Refer to the operational description of the 
FIFO data buff er above (logic sheet 21) for the explanation 
of the SHIFTINO/l signals. The logical OR of these signals 
at NOR gate L5-10 causes the in data byte flip-flop to 
toggle (alternately set and clear). The storage of data in the 
FIFO is disabled when the buffer length register reaches 
zero. 

During a disk write operation, both SHIFTIN terms are 
generated simultaneously by the low output of NAND gate 
M6-8 each time main memory data is available to the drive 
interface (MCRCLR). The out data byte flip-flop at M3 
(OUTBYTEO) is toggled only for disk write operations. Each 
SYNCIN signal to the drive interface, indicating the 
controller/formatter is ready for the next data byte, clocks 
this flip-flop from N AND gate M5-8. The output of the out 

. data byte flip-flop at M3 alternately selects the upper and 
lower byte from the FIFO output via selection of the bus out 
register multiplexer. 

When set, the MEMORY REQUEST flip-flop, K2-10, 
initiates a direct memory access data transfer cycle 
between main memory and the drive interface's FIFO buff er. 
NAND gate L4-6 causes direct memory access requests 
during disk write operations. The buffer-length register 
being nonzero (pin 5 high) and the FIFO input ready (IRC, pin 
3 high) requests direct memory access data until either the 
FIFO buffer becomes full or the buffer-length register 
equals zero. 

For disk read operations, the FIFO buffer is unloaded one 
word at a time and sent to the CPU's main memory. In this 
case, memory requests are initiated via NAND gate N2-3 as 

D long as the output buffer register becomes full (N2-2 high). 
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For either read or write operations, the MEMORY REQUEST 
flip-flop, M2, is reset by the memory data strobe signal, 
DMA-MDS/. The PROTECT signal inputs to NAND gate 
L2-8 are set by the controlware during disk read operations 
if the drive interface's program protect conditions are such 
that writing into protected CPU memory is permitted. 

The DECFLR signal from M6-6 caases the field length 
register to decrement with each byte transferred during 
either read or ¥!rite ·operations. 

The SETRlFULL signal from NAND gate MS-8 is asserted a 
only during the read address field of a read or write 
operation. Once the address field bytes are read into the 
random-access memory, the data field transfer follows. 
Upon reaching this point, controlware sets micro-control 
DMAGO, disabling SETRlFULL. 

The DATAENABLE signal from gate J5-ll enables the open 
collector transmitter gates (sheet 21) for all data-to­
memory (DMA-DTMxx) lines. Data is transmitted to 
memory when the request accept signal (DMAl-RA) is 
logically true (low). 

FIRST-IN/FIRST-OUT CONTROL 

Sheet 25 shows that portion of the direct memory access 
control logic not shown on sheet 24. Additionally, the logic 
controlling the FIFO operation is also described in this 
section. 

The output data register full flip-flop at N5-10 operates in 
conjunction with the one-shot circuit at N3 to move data 
from the FIFO buffer to the output data buffer register. 
The SHIFTOUT signal from one-shot N3-6 causes data to be 
output from the FIFO buffer and loaded into the buffer 
register. The one-shot is conditioned by the buffer register 
being empty (REGFULL signal false) and the output of all 
FIFO integrated circuits being ready (OUTRx signals). When 
the 100-nanoseconds SHIFTOUT one-shot is triggered, the 
output data register full flip-flop, N5, is set. This flip-flop 
is reset when the data word has been stored in memory 
during disk read operations via AND gate M4-ll or when the 
second byte of the word has been output to the 
controller/formatter during disk write operations via AND 
gate M4-8. 

A transfer-complete condition indicated at NAND gate N6-8 
(XFERCOMP) is based on the following states: NAND gate 
Nll-12 is high (BLREQZERO) when all data words have been 
transferred between the drive interface's FIFO buffer and 
main memory, pin 9 is high 5 microseconds after the FIFO 
buffer has been emptied of all data, pin 13 is high when the 
byte count contained in the field-length register is zero 
(FLREQZERO), and pin 10 is high for the FIFO data register 
empty (BREMPTY). In test mode, the only condition sensed 
is that the buff er-length register previously set to 64 by the 
micro program is now zero. The XFERCOMP signal from 
N6-8 is sampled as a conditional jump condition by the 
control ware. 

The lost data flip-flop at N5 indicates an error condition due 
to the drive interface and/or CPU's inability to keep up with 
the data transfer rate demands of the controller/formatter. 
For a read-from-disk operation, this error occurs if the 
controller/formatter has an input byte available but the 
drive ·interface's FIFO buffe~ is full (i.e., no place to store 
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the data byte). The FIFO full condition is indicated by a 
logical 1 at NOR gate Nl0-1 as a result or the FIFO input 
not being ready {INPRx signals)~ 

For a write-to-disk operation, a lost data error occurs if the 
controller/formatter requires an output byte but the drive 
interface's FIFO data register is empty. This condition is 
generated by NOR gate N7-10. 

The logical NOR of these read or write lost data conditions 
is generated by NOR gate N7-4. For both read and write 
operations, the lost data flip-flop is clocked by the 
DMASYN~IN signal. A clear drive interface director 
function ( LRDA) command clears the lost data flip-flop. 

The CLRBR signal from M5-6 causes the FIFO data register 
to clear between output words during disk write operations. 
This is required for a partial sector write operation where 
the remainder of the sector must be filled with zeroes. 

A-REGISTER MULTIPLEXER 

The multiplexer shown on sheet 26 feeds the CPU's 
A-register input lines (RDOl through RD16). With the 
exception of the hardware-asserted DASTAT signal at 
NAND gate Fll-4 for drive interface status requests, the 
controlware program controls the multiplexer selection. 
Depending on the type of CPU input operation being 
performed, the multiplexer can input any of the following to 
the A register: drive interface status, random-access 
memory (file register data), or the Rl register containing 
controller/formatter or drive status. Micro control signal 
RlTOA controls the placement of the Rl register to either 
the upper (bits 8 through 15) or lower (bits O through 7) half 
of the A register. 

Two types of multiplexer integrated circuits are used with 
different enable/selection designations; i.e., Sl and SO 
versus E and S terms. The following illustrates multiplexer 
input selection with the logic levels obtained from NAND 
gates Fll-6 and Fll-8. 

Multiplexer Inputs A-Register Inputs 

S/SO E/Sl AU AL 

L L Rl Random 
register Access 

Memory 

H L Drive Drive 
Interface Interface 
status status 

L H Zeroes Rl 

H H Zeroes Zeroes 
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CONTROLWARE 

Previous sections of this manual described the drive 
interface's operation, a repertoire of micro instructions, and 
a logic analysis of the hardware. The assimilation of this 
information suffices in comprehending those drive interface 
operations where the actions of its internal logic are 
governed by hardware alone or combined with controlware. 
However, there are unique operations, such as the drive 
interface's internal reading of the address field from the 
drive.· For this, the hardware and controlware, though inter­
related, operate asynchronous to each other. Here, a series 
of micro instructions is operating parallel with a sequence of 
hardware-driven operations, both related by drive interface 
operation but individually controlled by different logic. The 
key to analyzing this type of operation lies in understanding 
the execution sequence and 'hardware interaction of grouped 
micro instructions. The controlware comprising the drive 
interface micro program is documented by instruction flow 
charts and a program listing. The program listing contains 
both the assembler program's macros and the micro­
instruction code. 

MACROS 

The assembler macro is an abbreviated wording of the 
operation performed by the various fields of the micro 
instruction. An example of an assembler macro for the 
drive interface is JMPT RlEQRM, JA251. This macro states 
that the program flag is true, indicating that the (drive 
interface's) Rl register equals (the selected contents of) the 
random-access memory then jumps to jump address 251; 
otherwise, execute the next sequential micro instruction. 
The macro assembler program assembles this macro 
statement into a 24-bit micro instruction code shown here in 
hexadecimal notation as 080152. This example shows there 
is a one-to-one relationship between a macro statement and 
a micro instruction. The following text lists the macro 
fields and abbreviations used to define the fields in the 
assembly listing of the drive interface control program. 

.. JMPT 

JMPF 

UJP 

JA 

JC 

SEQ 

NOP 

Jump to (JA) if the tested condition is true 
(set/one). 

Jump to (J A) if the tested condition is false 
(clear/zero). 

Unconditional jump to (J A) 

Jump address; read-only memory address 
referenced by jump macro 

Jump condition selected by MIR18 through 
MIR22 for true/false jump test 

Sequential; execute the next micro instruction 
in sequence (no jump) following this one. 

No operation is performed by this micro 
instruction. 
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M Mode field (MIR16 and MIRl 7) defines the 
instruction mode. 

SET Set mode; the control flip-flop defined by the 
flip-flop field is set. 

CLR Clear mode; the control flip-flop defined by 
the flip-flop field is cleared. 

FF Flip-flop set or clear mode of operation 

S Source field; specifies the source of data for 
operation 

D Destination field; specifies the destination for 
data of this operation 

SD Source (S) to destination (D) data transfer 
operation 

DD Direct data; the data field that is part of this 
micro instruction, used as source data for this 
operation 

F The control flip-flop or enable line that is set 
or cleared in a flip-flop operation 

MACRO FIELDS 

Each of the macros or abbreviations listed are directly 
related to a specific field of the micro instruction. Within 
the assembly listing of the drive interface micro program, 
each macro is assigned to a field of the macro statement, 
based on the format of that micro instruction. This field 
arrangement is illustrated in table 5-3. Note that the same 
macro can appear in different fields of the macro-stated 
micro instruction. 

The mode (M), source (S), destination (D), jump condition 
(JC), and control flip-flop fields of the macro operation 
contain abbreviated mnemonics for the program listing. 
These mnemonics are listed in tables 4-3 through 4-7, along 
with their related codes. 

PROGRAM LISTING 

The drive interface micro program is initially assembled 
from the macro operators and statements previously 
described. The program, once assembled, provides a listing 
of assembler macros and micro-instruction codes. Note that 
the micro-instruction code (24 bits) is assembled into two 
16-bit computer words in the program listing. The most 
significant eight bits of the first word are the address of the 
micro instruction with read-only memory. Figure 5-2 
illustrates one micro instruction assembled in the format of 
the program listing. 
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Field 1 

SEQSD 

SEQFF 

UJP 

UJPSD 

UJPFF 

JMPF 

JMPFSD 

JMPFFF 

JMPT 

JMPTSD 

JMPTFF 

NOPP 

TABLE 5-3. DRIVE INTERFACE 
MACRO-FIELD FORMAT 

Field 2 Field 3 Field 4 

s D DD 

M F 

JA 

s D JA 

M F JA 

JC JA 

JC s D 

JC M ·p 

JC JA 

JC s D 

JC M F 

Field 5 

JA 

JA 

JA 

JA 

The assembled drive interface micro-program listing may be 
found in appendix C. 

FLOW CHARTS 

The flow charts that illustrate the controlware's program 
logic are contained in appendix B. Each single or double 
contacting symbol shown contains an abbreviated form of 
text defining the operation performed by a single micro 
instruction. Entrance to a routine is from the top of the 
symbol, with the routine identified by its assembler label. 
Decision or question blocks requiring a yes and no path are 
denoted by diamond symbols. Exits from a flow chart are 
shown as an arrowhead pointing to the assembler label or by 
an unconditional jump (UJP) to the name of the routine. 

Using the example of transferring the contents of the lower 
half (bits 0 through 7) of the CPU's A register to randorr­
access memory file register F requires two micro 
instructions and, therefore, two flow chart steps. The 
routine is entered by a jump to program label RESP. 
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Micro 
Instruction 
1 

Micro 
Instruction 
2 

RESP 

1_ 
S =MIR (=F) 
D = FLRL 

,, 
S =AL 
D=RAM 
UJP IDLEt 

This operation accesses file 
address F by first loading 
the random-access memory 
file address register (FLRL) 
with an F. This constant of 
F was obtained from the 
direct data field of an 
immediate format micro 
instruction. 

This second micro instruc­
tion selects A-register lower 
as the source of data onto 
the internal bus. The 
random-access memory, 
which previously had its file 
F addressed, is the destina­
tion. The final operation 
performed by this instruc­
tion is an exit jump to the 
micro routine designated by 
the label IDLE. 

TRANSFORM JUMP TABLE 

The input/output function code, contained in Q register bits 
O through 3 (Qf) during an A/Q command operation, is ORed 
with read-only memory address lEO. This address, 
designated by the program label HIGH and combined with 
the Qf, provides the transform logic with a single read-only 
memory address in the range of lEO through lFF hexadeci­
mal. Accessing this address results in the execution of an 
unconditional jump micro instruction at that address. The 
read-only memory address that is jumped to is shown in the 
jump table as a micro-routine program label. This label and 
its associated micro routine may be referenced on the 
indicated flow chart page and in the program listing in 
appendix C. 

t Instructions in italics ref er the reader to the corresponding 
program label in italics. 
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0382 

0382 

0382 

POIA4 

POIAS 

JC F JA 

RES PS JMPTFF NEORCE, SET. RESP, • 

D2B3 

1202 

MICRO-INSTRUCTION MACRO; SET 
RESPONSE FLIP-FLOP, IF NEORCE 
FLAG IS TRUE, JUMP TO READ-ONLY 
MEMORY ADDRESS DEFINED BY JA 
FIELD. • MEANS ADDRESS OF THIS 
INSTRUCTION (SELF) 

RESPS - MACRO STATEMENT'S IDENTIFYING LABEL USED BY 
ASSEMBLER PROGRAM; ALSO PROVIDES A REFERENCE FROM 
LISTING TO/FROM FLOW CHARTS 

312D2 - 24-BIT MICRO INSTRUCTION SHOWN IN HEXADECIMAL NOTATION 

D2;- READ-ONLY MEMORY ADDRESS IN THE DRIVE INTERFACE WHERE THIS 
MICRO INSTRUCTION RESIDES 

P01A4, P01A5- MEMORY ADDRESS OF SYSTEM USED BY ASSEMBLER PROGRAM TO 
COMPILE THE DISK INTERFACE MICRO PROGRAM 

0382- ASSE:\1BLER PROGRAM STATEMENT/LINE NUMBER 

0359 

Figure 5-2. Micro-Instruction Example 
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MAINTENANCE 6 

;. 

PREVENTIVE MAINTENANCE 

This equipment consists of a printed circuit board that plugs 
into the central processing unit chassis. All preventive 
maintenance for the Storage Module Drive Adapter is 
covered by the preventive maintenance procedure in the 
CYBER 18-20/30 Timeshare Computer Systems Hardware 
Maintenance Manual. This consists of cleaning dirt and dust 
from the boards while performing preventive maintenance 
on the central processing unit. No additional preventive 
maintenance is required. 
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CALIBRATION AND ALIGNMENT 

No field calibration and alignment procedures are required. 

TROUBLESHOOTING 

Troubleshoot to the board level using the following 
diagnostics: 

MSMP17 

ODS 

SMD094 

SMDDA 
SMDCU 
SMDOl 
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GLOSSARY A 
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GLOSSARY OF TERMS USED IN CWA Controller/formatter current word 
FLOW CHARTS address 

AD COM Address compare 

AD FIND Address find DEC HO Drive echo 

AD REP Address reply DMA Direct memory access 

ADRF Address field DMA CLR Clear direct memory access logic 

AL A register, lower 

ALDON All done ECC Error correction code 

ALENB Autoload enable EOC End of cylinder 

A/Q REJ A/Q reject flip-flop ERR Error 

AU A register, upper 

AUTOL Autoload flip-flop FLR Field-length register 

AUTSEL Autoload select FLTCL Fault clear 

AQEXEC A/Q execute flip-flop FULWRT Full write cycle flip-flop 

AQREP A/Q reply flip-flop 

IDLE Idle loop entry point 

BL Buff er length ILL Illegal 

BLEQZERO Buffer length equals zero INC Increment 

BLR 
/ 

Buffer length register IOER Input/output error 

BOR Bus-out register 

BREMPTY Output buff er register empty JMPF Jump false 

BUSY Busy flip-flop JMPT Jump true 

CE Check end L Lower 

CHKCU Check contro1ler/formatter LPFLG Loop flag 

CHKHD Check head 

CLR Clear MIR Micro-instruction register 

CLR2 Clear direct memory access logic 2 

COM AD Common address NE Normal end 

COM PL Complete NEORCE Normal end or check end 

CUOP Controller/formatter operation NOP No operation 

CUSEL Selected flip-flop NOTTM Not test mode 
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NTM Not test mode SFWAU Set first word address upper 

pp Program protect TAG OUT Tag out fiip-fiop 

TAGVALID Tag valid fiip-fiop 

RAM Random-access memory TBR Tag bus register 

REP Reply TCOMP Transfer complete 

REPT Repeat TM Test mode 

RESP Response TMW Test mode write 

ROW COM Read or write common entry point TX CPL Transfer complete 

RI RI register 

RlEQRAM RI register equals random-access memory u Upper 

RIMSB RI register most significant bit UJP Unconditional jump 

RI to A RI register to the A-register flip-flop 

RRET Read return XCOMP Transfer complete 

SEL Select WRET Write return 
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FLOW CHARTS B 

if.I· 4ftb& Mit.••t & Ji' ,,. , I ,147 *,ji,•11 • :t j••t' 

This appendix includes table B-1, the transform jump table, 
and figure B-1, the controlware flow charts. It is intended 
to be used in conjunction with the drive interface logics and 
appendix C, the controlware listing. Appendix C can be used 
to determine the actual read-only memory cell location of a 
particular flow block. 

PROGRAM LABELS 

A/Q FUNCTION/STATUS ENTRY POINTS 

Program 
Labels 

BUFFL 

css 

CUSTA 

COND 

CYLST 

DEC HO 

DFS 

DRSTl 

DRST2 

FORMAT 

PATT 

POLL 

PHYS 

RCONT 

RTZS 

SEC 

SE CST 

SF WAL 

SFWAU 

SEL 

SEEK 

SPEC 

TMW 
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Sheet 
No. 

6 

5 

5 

5 

6 

7 

5 

5 

5 

13 

5 

11 

5 

17 

17 

16 

6 

6 

45 

7 

8 

45 

25 

Description 

Load buffer length register 

Current sector status 

Control unit status 

Error correction code condition 
status 

Cylinder address status 

Drive echo 

Drive fa ult status 

Drive status one 

Drive status two 

Format write 

Error correction code pattern 
status 

Initiate poll 

Physical unit status 

Read recovery control 

Return to zero seek 

Set section and head address 

Sector and head status 

Set first word address lower 

Set first word address upper 

Select control unit or drive 

Load cylinder address 

Special for diagnostic testing 

Test mode write data 

'5DM,W. 

Program 
Label 

TMR 

WRITE 

REED 

WAIT 

CUOP 

TFORM 

HIGH 

Sheet 
No. 

27 

19 

26 

2 

3 

1 

0 

1% ! GR re ; J 'if.: ,, J, r;;c i •s hll I 

D'escription 

Test mode read data 

Write data or address field 

Read data or address field 

Di.rector function or status 

Drive request 

Q transform 

Jump table instructions 

MISCELLANEOUS ENTRY POINTS 

Program 
Label 

CLR2 

IDLE 

ILL 

REP 

CHKCU 

RESP! 

OUT 

OUTLP 

INLP 

FWEND 

BRCHK 

CH KBR 

NOTTM 

NTM 

AD FIND 

AD COM 

REPT 

Sheet 
No. 

1 

1 

2 

2 

3 

4 

8 

14 

14 

15 

19 

19 

20 

19 

20 

20 

20 

Description 

Idle loop entry from read or 
write 

Idle loop 

A/Q reject 

A/Q reply 

Check for control unit select 

Response to control unit 

Output to the control unit 

Format write timeout 

Format write timeout 

Format write timeout complete 

Check output buffer register for 
empty 

Check output buff er register for 
empty 

Not test mode data transfer 

Not test mode data transfer 

Search for requested address 
field 

Compare current address field to 
requested 

Read next address field 
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Program 
Label 

NO COM 

ALDON 

TCOMP 

ROW COM 

WRET 

RRET 

DONE 

GOON 

CHKHD 

ADR 

AD REP 

CO MAD 

MORE 

DELY 

AUTO 

AUTSEL 

DRSEL 

FLTCL 

AGAIN 

LDRAM 

'-..) 

Sheet 
·No. 

24 

25 

25 

28 

28 

28 

29 

30 

31 

34 

34 

35 

36 

37 

38 

38 

38 

40 

41 

45 

ERROR ENTRY POINTS 

Program 
Labels 

RESP 2 through 
RESP8 

CEl through CE3 

ERRl through ERR4 and 
ERR6 through ERRlO 

IOERl through IOER 7 

I B-2 

Description 

Current address field does not 
compare with requested 

Test mode write or data transfer 
is complete 

Test mode read transfer is 
complete 

Read or write data common 
entry point 

Entry to write data 

Entry to read data 

Trans! er is complete 

More data to transfer 

Check current head address for 
equal to 4 

Read or write address field 

Read or write more address field 

Common address field output to 
control unit 

Read or write more address field 

·Read dely timeout 

· Autoload entry point 

Autoload control unit select 

Autoload drive select 

Autoload clear faults 

Autoload read drive status 2 
again 

Write 
memory 

Sheet 
No. 

into random-access 

Description 

Response to control 
unit 

Check end error 

Miscellaneous errors 

Input/output errors 

Program Sheet 
Labels No •. Description 

ERRX 30 Read or write error 

COM PL 30 Trans! er complete with 
error 

DELX 37 Transfer complete 
delay, with error 

CROSS REFERENCE 

The following is a list of instructions found in the now 
charts with the sheet numbers where they can be found. 
These instructions are highlighted in italics in the now 
charts. 

ADCOM 20, 30 
AD FIND 20, 26, 33, 44 
ADR 20, 26, 33, 44 
AD REP 34, 36 
AGAIN 41, 42 
ALDON 25, 29 
AUTO 1, 38 
AUTSEL 38 

BUFFL location 0, 6 

CEl 3, 4 
CE2 9,10,12,14,39,40,41,43 
CE3 32, 33 
CHKCU 3, 5, 16, 17 
CHKHD 30, 31, 36 
CLR2 1, 22, 29 
COM AD 34, 35 
COMPL 30, 37 
COND location 0, 5 
css location 0, 5 
CUOP location 0, 3, 7 
CUSTA location 0, 5 
CYbST location 0, 6 

DEC HO location 0, 7 
DELX 30, 37 
DELY 29, 36, 37 
DPS location 0, 5 
DONE 29, 36, 37 
DRSEL 38, 41 
DRSTl location 0, 5 
DRST2 location 0, 5 

ERRl 3 
ERR2 9, 10 
ERR3 12 
ERR4 14, 15 
ERR& 21, 22, 28, 35 
ERR7 22, 30, 33, 37 
ERRS 24, 25, 32 
ERR9 24, 27 
ERRlO 15 
ERRX 29, 30, 36 

FLCTL 40 
FORMAT location 0, 13 

) 
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FWEND 14, 15 REED location O, 26 
REP location 0, 2, 4, 6, 7, 45 

GOON 29, 30 REPT 20, 24 
RESP! 4 

HIGH 1 RESP2 9, 10, 39, 40, 41, 42, 43 
RESP3 12 

IDLE 1, 2, 9, 10, 12, 14, 15, 25, 31 RESP4 15 
ILL 2, 3, 7, 8, 11, 13, 17, 19, 26 RESP5 22 
INLP 14, 15 RESP6 29 
IOERl 4 RESP7 33 
IOER2 12 RESP8 35 
IOER3 15 ROW COM 28 
IOER4 21, 22 RRET 23, 28 
IOER5 28, 29 
JOERG 32, 33 SEC location 0, 16 
IOER7 35 SE CST location 0, 6 

SEEK location 0, 8 
MORE 36 SEL location 0, 7 

SETB 5 
NOCOM 22, 23, 24 SETS 5 
NOTTM 19, 20 SFWAL location 0, 6 
NTM 19 SFWAU location 0, 45 

SPEC location 0, 45 
OUT 8, 10, 18 
OUTLP 14, 15 TCOMP 25, 27 

TMR 26, 27 
PATT location 0, 5 TMW 19, 25 
PHYS location 0, 5 
POLL location o, 11 WAIT location 0, 2 

WRET 23, 28 
RC ONT location 0, 17 
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TABLE B-1. TRANSFORM JUMP TABLE 

Read-Only Memory QOO through 
lnStruction 

,Figure B-1 
Address HIGH Q03 (Qf) Sheet No. 1/0 Function , 

lEO 0 UJP SPEC 45 Read-random access memory "' lBl l UJP PHYS 5 Physical unit number 

1E2 2 UJP REP, set Rl 2 Poll status 
to A fiip-fiop 

1E3 3 UJP REP, set Rl 2 Select acknowledge status 
to A fiip-fiop 

1E4 4 UJP REP, set Rl 2 Drive echo input 
to A fiip-fiop 

QOO 
lES 5 UJP CYLST 6 Cylinder address status 

through 1E6 6 UJP CSS 5 Currect sector status ) t Q03 ORed ~ 1E7 7 UJP SECST 6 Sector and head status with lEO 
lEB 8 UJP WAIT, cir 2 Drive interface status 

BUSY fiip-fiop 

1E9 9 UJP DRST2 5 Drive status 2 

lEA A UJP PATT 5 Error correction code pattern 
lEB B UJP COND 5 Error correction code 

conditions 

lEC c UJP DPS 5 Drive fault status 

lED D UJP CUSTA 5 Controller/formatter status 
~ 

IEE E UJP DRSTl 5 Drive status l 

" lEP F UJP REP, set Kl 2 Controller/formatter echo 
to A fiip-fiop input .. , 

lPO 0 UJP BUPPL, S=AU, 6 Buffer length .., 
D=BLU 

lFl l UJP CUOP, S=Q, 3 Drive request 
D=TBR 

1F2 2 UJP POLL, S=Q, 11 Initiate poll 
D=TBR 

1F3 3 UJP SEL, S=Q, 7 Unit select 
D=TBR 

1F4 4 UJP DECHO, S=Q, 7 Drive echo output 
D=TBR 

IFS 5 UJP SEEK 8 Load address 

QOO 1F6 6 UJP FORMAT 13 Format write 
through < 

.• 
> t t 1F7 7 UJP SEC, S=Q, 16 Sector and head address Q03 ORed D=TBR with lFO 

lFB 8 UJP WAIT 2 Director function 

1F9 9 UJP REED, cir 26 Read 
TXCPL nip-fiop 

lFA A UJP WRITE, cir 19 ) Write 
TXCPL fiip-fiop 

lFB B UJP CUOP, S=Q, 3 Error correction code control 
D=TBR 

lFC c UJP RCONT 17 Read recovery (status control) 

lFD D UJP SFWAL, S=AU, 6 Set first word address lower 
D=CWAU 

lFE E UJP SFWAU, S=AL, 45 Set first word address upper, 
D=CWAUU random-access memory address 

' 
lFF F UJP CUOP, S=Q, 3 Controller/formatter echo 

D=TBR output ... 

t Input to A-register operation (read) 

ft Output from A-register operation (write) 
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IDLE LOOP 

-0485 

LOCATION 0 

NOP 

S = MIRL (=C) 
D = FLR 

S = MIRL (0) 
D= RAM 

D = DMA CLR 

CLEAR FULWRT FLIP-FLOP 

D = DMA CLR 

CLEAR BUSY FLIP-FLOP 

SET FULWRT FLIP-FLOP 
UJP TO AUTO 

YES 

CLR2 

IDLE 

TFORM 

SET BUSY 
FLIP-FLOP 
UJP 'fO HIGH 

INITIATE AUTOLOAD 
SEQUENCE 

TRANSFORM 
Q FUNCTION 

Figure B-1. Storage Module Drive Flow Charts (Sheet 1 of 45) 
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B-6 

ILLEGAL 

ENTER (ILL) 

SET A/Q REJ 

I 

YES 

UJP TO IDLE 

REPLY SUBROUTINE 

.0486 

ENTER (REP) 

SET A/Q REP FLIP-FLOP 

CLR Rl TO A 
FLIP-FLOP 
UJP TO IDLE 

ENTER (WAIT) 

UJP TO IDLE 

Figure B-1. Storage Module Drive Flow Charts (Sheet 2 of 45) 

YES 
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OCTPCT ONLY TO CONTROLLER/FORMATTER --.::~ 

E~THY CONDITIONS: 

(CUOF): THE TAG BUS REGISTER IS SET 
TO THE APPROPRIATE VALUE. 

(CHKCU): BOTll THE TAG BUS REGISTER 
AND BUS-OUT UECISTER ARR 
SET AS DESIRED. 

NOTE: TllL'> ltOUTINE IS ALSO USED FOR: 

• COSTROLLER/FORMATTER INPUT/ 
OUTPlH l.\l~:EOIATE 

• CONTll.OLLER/FORMATIER INPUT/ 
OUT?UT EXTENDED 

ENTRY POINT USED IS CHKCU. 

0487 

DRIVE REQUEST 
ERROR CORRECTION 
CODB CONTROL 

' I. 

UJPTO ERRl 

NO 

NO 

ENTER (CUOP) 

· S =AL 
D=BOR 

SET TAG OUT FLIP..FLOP 

S = MIRL (= FO) 
D=RI 

S = MIRL (= C) 
D= FLll 

CLEAR TAG OUT 
FLIP..FLOP 

JA43 

D = Rl INC 

S = BUSIN 
D = Rl 

ENTER (CHKCU) 

JA42 

D = Rl INC 

Cl.EAR TAG OUT 
FLIP-FLOP 

SET CONTROLLER/ 
FORMATTER ERROR 
FLIP-FLOP; UJP TO REP 

Figure B-1. Storage Module Drive Flow Charts (Sheet 3 of 45) 
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CEI 

ERRl 
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B-8 

CEl 

CLEAR TAG OUT 
FLIP-FLOP 
UJP TO IOERl 

IOERl 

SET CONTROLLER/ 
FORMATTER ERROR 
FLIP-FLOP; UJP TO 
RESPl 

0488 

YES 

SET Rl TO A FLIP-FLOP 

CLEAR RF.SPONSE 
FLIP-PLOP 
UJP TO REP 

HESPl 

Figure B-1. Storage Module Drive Flow Charts (Sheet 4 of 45) 

/ 
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CONTllOLLU/PORMATl'U INPUT/OUTPUT UIMBDIATB 

ENTRY CONDmONS: NONB 

R • 1 
R • 8 
R •I 
R•A 
R•B 
R•C 
R•D 
R·E 

0481 

PHYSICAL UNIT NUMBIR 
CUU&llT SECTOR SfATllS 
DRJVl ITATUS 2 
aaaoa COllRl!.CTJON CODI PATTERN 
Eaaoa CORRECTION CODE CONDmONS "--­
DRJVI PAULT STATUS 
CONTllOLLER/PORMATTER STATUS 
DRIVI ITATUS 1 

ENTER CCSSJ 

S = MIRL(= 0) 
D=BOR 

S = MIRL (= 4) 
D =TBR 

U.JPTO CHKCU 

ENTER(DFSJ 

S = MIRL('" 0) 
D=BOR 

s =Q 
D=TBR 

U.JPTOCHKCU 

ENTER (PHYSJ 

S '"lllllL(= ti 
DzBOR 

U.JP TO Sn'I 

ENTEll CDRSl'JJ 

8"' MIRL (cl) 
D=BOR 

U.JPTOSn'I 

ENTER (PATT} 

S = MIRL (= ll 
D=BOR 

U.JPTOSn'B 

ENTER (CONDJ 

S = MIRL(= 2) 
D =DOR 

S = MIRL(= B) 
D=TBR 

U.JPTO CHKCU 

ENTER (CUS7' AJ 

S = MIRL (= 2) 
D =DOR 

U.JPTO srr1 

ENTER (DRSTZJ 

S = MIRL (=I) 
D=BOR 

S = MIRL(= I) 
D =TBR 

U.JP TO CHKCU 

Figure B-1. Storage Module Drive Flow Charts (Sheet 5 of 45) 
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SETB 
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I 

I 

I 

I 

DRIVE INTERFACE OPERATIONS ONLY 

•• 0 
R • 2 
R • 3 
R • 4 
R • 5 
R • 7 
W•D 
R • F 

BUFFER LENGTH 
POLL STATUSt 
SELECT ACKNOWLEDGE STATUSt 
DRIVE ECHO INPUTt 
CYLINDER ADDRESS STATUS 
SECTION/HEAD STATUS 
SET FIRST WORD ADDRESS LOWER 
CONTROLLER/FORMATTER ECHO JNPUTt 

t NO MICRO-CONTROL ENTRY POINT IS REQUIRED. 
CODE IS CONTAINED WITHIN THE JUMP TABLE 
INSTRUCTION. 

0490 

ENTER (CY LSI') 

S = MIRL (= 4) 
D= FLR 

S=RAM 
D=Rl 

S = MIRL(= 3) 
D=FLR 

UJPTOREP 

ENTER SFWALJ 

S=AL 
D=CWAL 
UJPTOREP 

Figure B-1. Storage Module Drive Flow Charts (Sheet 6 of 45) 

ENTER (SECSTJ 

S = MIRL (= 2) 
D= FLR 

S=RAM 
D =RI 

S = MIRL (=I) 
D=FLR 

UJPTO REP 

ENTER {BUFFLJ 

S=AL 
D=BLL 

D= BL DEC 
UJPTO REP 

B-10 96761300 B 



CONTROLLER/FORMATTER 
INPUT/OUTPUT EXTENDED 

ENTRY CONDITIONS: 

THE TAG BUS REGISTER IS SET 
AS DESIRED. 

w. 3 
w • 4 
W·F 

UNIT SELECT 
DRIVE ECHO OUTPUT 
CONTROLLER/FORMATTER 
ECHO OUTPUT t 

t ENTRY POINT IS CUOP. 

0491 

ENTER (SEL) 

NO 

YES 

UJP TO CUOP 

SET NEED 
FLIP-FLOP 
UJPTO REP 

JA91 

ENTER (DECHQ) 

UJP TO CUOP 

Figure B-1. Storage Module Drive Flow Charts (Sheet 7 of 45) 

96761300 A 

NO 

ILL 
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I 

I 

B-12 

LOAD ADDRESS W • 5 

ENTRY CONDITIONS: 
NONE 

YES 

0492 

ENTER (SEEK) 

·NO 

ILL 

S = MIRL (=3) 
D=FLR 

S=AL 
D=RAM 

S=AU 
D=BOR 

S = MIRL (=4) 
D=FLR 

S=AU 
D=RAM 

S = MIRL (=6) 
D=TBR 

SET A/Q REP 
FLIP-FLOP 

NO 

OUT 

Figure B-1. Storage Module Drive Flow Charts (Sheet 8 of 45) 
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UJP TO ERR2 

0493 

NO 

S = MIRL (= FO) 
D = Rl 

S = MIRL (= C) 
D = FLR 

CLEAR TAG OUT 
FLIP-PLOP 

JA113 

D = Rl INC 

YES 

NO 

R P2 

JA112 

D = Rl INC 

CLEAR TAG OUT 
PLIP-PLOP 

CLEAR LOOP FLAG 
FLIP-FLOP 

SET CONTROLLER/ 
FORMATTER ERROR 
PLIP-PLOP, UJP TO IDLE 

Figure B-1. Storage Module Drive Flow Charts (Sheet 9 of 45) 

CE2 

ERR2 

96761300 B B-13 
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0494 

B-14 

YES 

SET RESPONSE 
FLIP-FLOP 

S = ~URL (= 5) 
·D = TBR 

S = MIRL (= 3) 
D = FLR 

S =RAM 
D = UOR 

SET LOOP FLAG 
FLIP-FLOP 
UJP TO OUT 

YES 

CE2 

CLEAR TAG OUT 
FLIP-FLOP 
UJPTO RESP2 

JA121 

CLEAR LOOP FLAG 
FLIP-FLOP 
UJPTOIDLE 

RESP2 

SET RESPONSE 
FLIP-FLOP· 

CLEAR RESPONSE 
FLIP-FLOP 
UJP TO ERR2 

Figure B-1. Storage Module Drive Flow Charts (Sheet 10 of 45) 
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INITIATE POLL W • 2 

ENTRY CONDITION: 
THE TAG BUS 
REGISTER IS SET 
TO 2. 

YES 

ENTER (POLL) 

S =AL 
D =BOR 

SET A/Q REP FLIP-FLOP 

SET TAG OUT FLIP-FLOP 

0495 

S = MIRL (= FO) 
D = Rl 

S = MIRL (=C) 
D = FLR 

D 

NO 

ILL 

Figure 8-1. Storage Module Drive Flow Charts (Sheet 11 of 45) 
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0496 

B-16 

(64 MICROSECONDS) 

UJPTO ERR3 

IOER2 

SET CONTROLLER/ 
PORMATTER ERROR 
FLIP-FLOP UJP TO RESP3 

NO 

CLEAR TAG OUT 
PIJP-PLOP 

S = MIRL (= 5P) 
D= RI 

S = BUSIN 
D= RI 

CLEAR RESPONSE 
FLIP-PLOP 
UJPTOIDLE 

YES 

YES 

JA142 

D =RI INC 

CLEAR TAG OUT 
FIJP-FLOP 

SET CONTROLLER/ 
PORMATTER ERROR 
PIJP-FLOP; UJP TO 
IDLE 

IOER2 

IOER2 

RESP3 

Figure B-1. Storage Module Drive Flow Charts (Sheet 12 of 45) 

CEZ 

ERR3 
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FORMAT WRITE W • 6 

ENTRY CONDITIONS: NONE 

YES 

/ 

0497 

ENTER (FORMAT) 

S = MIRL (= E) 
D = TBR 

S = MIRL (=O) 
D = BOR 

SET A/Q REP 
FLIP-FLOP 

SEI' l'AG OUT 
FLIP-FLOP 

S = ~11RL (=FO) 
D = Rl 

S = MIRL (= C) 
D = FLRL 

NO 

Figure B-1. Storage Module Drive Flow Charts (Sheet 13 of 45) 

ILL 
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OUTLP 

INLP 

0498 

B-18 

CLEAR TAG OUT 
FLIP-FLOP 

S = MIRL (= D) 
D = FLRL 

S = MIRL (= 3C) 
D =RAM 

S = MIHL (= 0) 
D =RI 

S = :\lIRL (= C) 
D = FLRL 

D =RI INC 

NO 

YES 

JA172 

D =RI INC 

NO 

CLEAR TAG OUT 
FLIP-FLOP 

YES 

CE2 

NU 

SET CONTROLLER/ 
FORMATTER ERROR 
FLIP-FLOP;UJP TO IDLE 

ERR4 

FWEND 

AT 200 NANOSECONDS CLOCJ{ 
PERIOD, LOOP= 39.975 :\llCRO­
SECONDS 

AT 225 NANOSECONDS CLOCK 
PERIOD, LOOP= 44.85 MICRO­
SECONDS 

Figure B-1. Storage Module Drive Flow Charts (Sheet 14 of 45) 
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RESP4 

YES 

0499 

FWEHD 

CLR RESPONSE 
FLIP-FLOP 

SET TXCPL 
FLIP-FLOP 

UJP TO IDLE 

YES 

IOER3 

S = MIRL (=O) 
0 = FLR . 

S=RAM 
D = Rl 

S = MIRL (= C) 
D = FLR 

D = Rl INC 

S = MIRL (= 0) 
D = FLR 

S = Rl 
D=RAM 
UJP TO OUTLP 

NO 

YES 

INLP 

IOER3 

SET CONTROLLER/ 
FORMATTER ERROil 
FLIP-FLOP; UJP ro 
RESP4 

ERR4 

Figure B-1. Storage Module Drive Flow Charts (Sheet 15 of 45) 
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I 

I 

I 

I 

B-20 

SET SECTOR AND HEAD W • 7 

BNTRY CONDl'nOMS: THB 
TAG BUS RBGISTBR IS SET 
TO 7. 

0500 

ENTER (SEC) 

S = MIRL (= 1) 
D=FLR 

S=AL 
·D=RAM 

S = MIRL (=A) 
D=FLR 

S=AL 
D=RAM 

S = MIRL (= 2) 
D=FLR 

S=AU 
D=RAM 

S = MIRL (= B) 
...., D = FLR 

S =AU 
D =RAM 

S= AU 
D=BOR 
UJP TO CHKCU 

Figure B-1. Storage Module Drive Flow Charts (Sheet 16 of 45) 
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READ RECOVERY CONTROL W • C 

ENTRY CONDmONS: NONE 

CHKCU 

0501 

ENTER (RCONT) 

S = MIRL (= C) 
D =FLR 

S=AU 
D = Rl 

S = MIRL {= C) 
D =TBR 

S =AL 
D = BOR 

NO 

NO 

ILL 

S = MIRL {= D) 
D =TBR 

S =AU 
D =BOK 

JA201 

UJP TO CHKCU 

Figure B-1. Storage Module Drive Flow Charts (Sheet 17 of 45) 
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I 

I 

I 

B-22 

n:s 

0502 

SET A.IQ REP 
PLIP..FLOP 

S = MIRL (=2) 
D = FLR. 

S = MIRL (= O) 
D =RAM 

S = MIRL (=3) 
D=FLR 

S = MIRL(= O) 
D =RAM 

S = MIRL (= 4) 
D= FLR 

S = MIHL (= 0) 
D= RAM 

S = MIRL (=I) 
D = FLR 

S = MIRL (= 0) 
D =RAM 

SET LOOP FLAG 
FLIP-PLOP 

UJP TO OUT 

Figure B-1. Storage Module Drive Flow Charts (Sheet 18 of 45) 

\ 
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WRITE W ·A 

ENTRY CONDITIONS: 
TRANSFER OF COMPLETE 
FLIP-FLOP HAS BEEN 
CLEARED. 

NO 

ILL 

JA231 ----+ 

0503 

ENTER (WRITE) 

CLEAR ADR 
FLIP-FLOP 

SET ADRF 
FLIP-FLOP 

SET A/Q REP 
FLIP-FLOP 

JA232 

BRCHK 

YES 

NTM 

UJP TO NTM 

CH KBR 

YES 

f.\flV 

UJP TO NOTT.\1 

Figure B-1. Storage Module Drive Flow Charts (Sheet 19 of 45) 

JA231 
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B-24 

NOTTM 

ADFIND 

:\DCO.\I 

0504 

SET WRITE FLIP-FLOP 

S = MIRL (= t) 

U = FLR 

S = 'Vllltl. ( = FF) 
I>= IL\:\! 

S = :\llHL (= 2) 
11' Fl.H 

. .; - .lllHl. (: FF) 
ll =Ht\'.\! 

SE!' -\IJHF FLIP/FLOP 

S = ~tlHL ('-' E) 
ll = FLH 

S' \llHL (= 7Fl 
ll" HA~r 

S - \llHL I= !I) 

II I'll!{ 

:.; . \llHL (= H) 

ll .- FLH 

S = \llHL (c !I) 

I>~ llOH 

YES WHITE AIJDHESS 

ADR 

T 
SET ACTUAi. 
SECTOH ANLJ 
llEt\D AllDHESS 

l'U FFJ6' 

T 
sEr llP 1n: r1n 
c "UL' N IEIC 

J_ 

T 
SE I l'I' 1'1J 
HE.\l> llll. 
;\IHJHESS HI.I.II, 

1 
Figure B-1. Storage Module Drive Flow Charts (Sheet 20 of 45) 
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WAl'f FOR 
SECTOR 
PULSE. 

J_ 

T 
ISSUE 
READ 
ADDRESS 
COMMAND. 

1 
STORE 
ADDRESS 
FIELU DATA 
IN RAM. 

0505 

JA251 

SET TAG OUT 
FLIP-FLOP 

NO 

YES 

CLEAR TAG OUT 
FLIP-FLOP 

lOER4 

CLEAR TAG OUT 
FLIP-FLOP 
UJP TO lOER4 

T 
CHECK FOR END CI. 

Figure B-1. Storage Module Drive Flow Charts {Sheet 21 of 45) 
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I 

I 

B-26 

ACKNOWLEDGE 
END CONDmON. 

T 
CHECK FOR 
READ ADDRESS 
FIELD ERROR. 

J_ 

T 
RETRIEVE ACTUAL 
HEAD ADDRESS. 

_l 
T 

RETRIEVE TARGET 
HEAD ADDRESS. 

+ 
CHECK FOR 
HEAD ADDRESS 
,;OMPARE. 

_L 

0506 

SET RESPONSE 
FLIP-FLOP 

NO 

CLR RESPONSE 
FLIP-PLOP 

S = MIRL (= 2) 
D=FLR 

S= RAM 
D = Rl 

S = MIRL (= 8) 
D = FLR 

YES 

NO 

RESPS 

CLR WRITE 
FLIP-FLOP 

CLR READ 
FLIP-FLOP 

D = DMACLR 

IOER4 

SET CONTROLLER/ 
FORMATTER ERROR 
FLIP-PLOP; UJP TO 
RESP5 

ERR7 

CLR PP FLIP-FLOP 
UJPTO CLR2 

NOC OM 

Figure B-1. Storage Module- Drive Flow Charts (Shee~ 22 of 45) 
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T 
RETRIEVE 
ACTUAL 
SECTOR 
ADDRESS. 

_J_ 

T 
RETRIEVE 
TARGET SECTOR 
ADDRESS. 

_L 

T 
CHECK FOR 
SECTOR 
ADDRESS 
COMPARE. 

l 
SU UP flt::LD 
LENUl'H 
tti::rnsr1m 
FOR READ 

ANDI 

T 
SET UP BUS-OUT 
REGISTER. 

_L 

T 
CHECK FOR 
READ AND WR}_ 

0507 

SET RlMSB 
FUP-FLOP 

S = MIRL (=1}.. 
D= FLR 

S= RAM 
D = Rl 

S = MIRL(=A) 
D = FLR 

S = MIRL (= 0) 
D = FLR 

S = FLR 
D = BOR 
(MIRL = 40) 

CLR ADRF 
FLIP-FLOP 

UJP TO RRET 

NO 

n:s 

NOC OM 

CLR RlMSB 
FLIP-FLOP 

S =RAM 
D= Rl 

S =RI 
D ~ FLR 

WRET 

Figure B-1. Storage Module Drive Flow Charts (Sheet 23 of 45) 
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I 

I 

B-28 

INCREMENT 
THE RETRY 
COUNTER. 

T 
CHECK NUMBER 
OF llETlllES. 

J_ 

T 
RESTO HE 
COUNTER AND, 
fHY AGAIN. 

_L 

0508 

NOC OM 

CLR'RlMSB FLIP-FLOP 

S = MIRL (= E) 
D=FLR 

S=RAM 
D =RI 

S = MIRL (= C) 
D=FLR 

D = Rl INC 

NOPP 

S = MIRL (= E) 
D = FLR 

S = Rl 
D =RAM 
UJP TO REPT 

YES 

CLR WRITE FLIP-FLOP 

CLR READ FLIP-FLOP 

CLR PP FLIP-FLOP 

D = DMACLR 

CLR TM FLIP-FLOP 

SET CONTROLLER/ 
FORMATTER ERROR 
FLIP-FLOP; UJP TO CLR2 

ERRB 

CANNOT FIND 
REQUESTED 

-----.:RECORD. 

ERR9 

Figure B-1. Storage Module Drive Flow Charts (Sheet 24 of 45) 
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T 
SET BUFFER­
LENGTH REGlSTER EQUAI. 

INITIATE oio .. 

205 MICROSECONDS 
TIMEOUT LOOP 

T 
TEST i\IODE UNIT 
l'IMEOUT 

0509 

TAIW 

S = MIRL (= 0) 
D = BLU 

S = MIRL (= 3F) 
D = BLL 

SET TM 
FLIP-FLOP 

SET WRITE 
FLIP-FLOP 

S = MIRL (= 0) 
D = Rl 

S = MIRL (= C) 
D = FLR 

JA301 

D = Rl INC 

NOP 

NOP 

UJP ro ERRS 

YES 

CLR WRITE 
FLIP-FLOP 

CLR PP 
FLIP-FLOP 

CLR READ 
FLIP-FLOP 

SET TXCPL 
FLIP-FLOP 
UJP TO IDLE 

Figure B-1. Storage Module Drive Flow Charts (Sheet 25 of 45) 

I 

Al.DON I 

rcOMP 
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B-30 

RIAD W·I 

BllTRY COllDmoMS: 
TRAMIFD OP COMPLETE 
PUP-PLOP HAS BUii 
CLIAR!D. 

0510 

ENTER (REED) 

CLEAR ADRPLD 
PLIP..PLOP 

SET PP FLIP-PLOP 

SET ADRF FLIP-FLOP 

JA321 

SET READ FLIP-FLOP 

UJP TO ADFIND 

Figure B-1. Storage Module Drive Flow Charts (Sheet 26 of 45) 

REAU 
l>l>Rt:SS 
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T 
SET BUFFER­
LENGTH REGISTER 
EQUALS 6310" 

1 
T 

INITIATE OPERA­
TION. 

205 MICROSECONDS 
TIMEOUT LOOP 

TEST MODE READ 
TIMEOUT 

0511 

NO 

TAIR 

S = MIRL (= 0) 
D = BLU 

S = MIRL (= 3F) 
D = BLL 

SET READ FLIP-FWP 

S = MIRL (= 0) 
D = Rl 

S = MIRL (= C) 
D = FLR 

JA331 

D = Rl INC 

NOP 

NOP 

UJP TO ERR9 

YES 

JA332 

CLR TM FLIP-FLOP -
UJP TO TCOMP 

Figure B-1. Storage Module Drive Flow Charts (Sheet 27 of 45) 
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WRBr 

UJP TO ROWCOM 

T 
ISSUE READ OR 
WRITE DATA 
COMMAND. 

T 
WAIT FOR SEND 
CONDITION. 

1 
T 

SET UP TO 
VERIFY OK 
DRIVE STATUS. 

0512 

ROWCOM 

Figure B-1. 

RRET 

S = MIRL (= 9) 
D=TBR 

SET TAG OUT 
FLIP-FLOP 

CLRTAG OUT 
FLIP-FLOP 

SET OMA GO 
FLIP-FLOP 

NO 

IOER5 

CLRTAG OUT 
FLIP-FLOP 
UJP TO IOER5 

Storage Module Drive Flow Charts (Sheet 28 of 45) 
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SEND RESPONSE 
AND VERIFY OK 
DRIVE STATUS. 

T 
CHECK TO SEE IF 
i\f,L THE DATA 
HAS BEEN MOVED. 

0513 

SET RESPONSE 
FLIP-FLOP 

CLR RESPONSE 
FLIP-FLOP 

CLR DMAGO 
FLIP-FLOP 

RESP6 lOERS 

SET CONTROLLER/ 
FORMATTER ERROR 
FLIP-FLOP; UJP TO 
RES PB 

ERRX 

CLR FULWRT 
FLIP-FLOP 
UJP TO ALDON 

Figure B-1. Storage Module Drive Flow Charts (Sheet 29 of 45) 

DONE 
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T 
PUT CURRENT 
SECTOR ADDRESS 
IN Rl. 

1 
T 

CHECK FOR 
LAST SECTOR. 

_L 

T 
INCREMENT 
SECTOR ADDRESS. 

_j_ 

I T 
RESTORE SECTOR 
ADDRESS AND 
GO READ 
ADDRESS 
FIELD OF 
NEXT SECTOR. 

_j_ 

0514 

B-34 

S = MIRL (= 1) 
D=PLR 

S=RAM 
D= Rl 

D = Rl INCR 

S = MIRL (=A) 
D =FLR 

S = Rl 
D=RAM 
UJPTOADCOM 

GOON 

YES 

CHKHD 

ERRX 

DELX 

YES 

SET TXCPL FLIP-FLOP 
UJP TO ERR7 

Figure B-1. Storage Module Drive Flow Charts (Sheet 30 of 45) 

NO 

ERR7 

COM PL 
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T 
CHECK FOR 
HEAD ADDRESS 
EQUALS 4. 

T 
INCREMENT 
HEAD ADDRESS. 

l 

' SET UP BUS-OUT 
REGISTER. 

t 

l 
RESTORE TARGET 
HEAD ADDRESS. 

llESTORE ACTUAL 
llEAD ADDRESS. 

J_ 

T 
:-iET TAC: UUS 
RE<JISrE!t FOR 
HEr\ll SELECT. 

0515 

CHKHD 

S = MIRL (=I) 
D = PLR•. 

S = MIRL(= 4) 
D = Rl 

S=RAM 
D = Rl 

D = Rl INC 

S = Rl 
D = BOR 

S = MIRL(= B) 
D = PLR 

S = Rl 
D =RAM 

S = MIRL (= 2) 
D = PLR 

S = Rl 
D=RAM 

S = MIRL (= 7) 
D = TBR 

JA311 

S = MIRL (= 0) 
D = Rl 

S = MIRL(= C) 
D = Rl 

D= Rl INC 

NOPP 

CLR PP PLIP-PLOP 

CLR READ FLIP-PLOP 

CLR WRITE FLIP-PLOP 

SET EOC FLIP-FLOP 
UJP TOIDLE 

Figure B-1. Storage Module Drive Flow Charts (Sheet 31 of 45) 

DELAY lU 
MICROSECOMDI.. 

EOC - SUSPEND 
INPUT/OUTPUT 
OPERATION. 

I 
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I 

UJP TO ERRB 

0516 

NO 

SBTTAGOUT 
FLIP-PLOP 

S = MIRL (= FO) 
D =RI 

S = MIRL (= C) 
D=FLR 

CLEAR TAG OUT 
FLIP-PLOP 

JA383 

D = Rl INCR 

YES 

NO 

JA382 

D = Rl INC 

CLEAR TAG OUT 
FLIP-PLOP 
UJP TO ERRB 

Figure B-1. Storage Module Drive Flow Charts (Sheet 32 of 45) 

CE3 
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CE3 

CLEAR TAG OUT 
FLIP-FLOP 
UJP TOIOER6 

T 
SET TARGET SECTOR 
ADDRESS= 0. 

l 
0517 

SET RESPONSE 
FLIP-FLOP 

CLEAR RESPONSE 
FLIP-PLOP 

S = MIRL (=A) 
D = FLR 

S = MIRL (= 0) 
D =RAM 

UJP TO ADFIND 

YES 

YES 

RESP7 

ERR7 

IOER6 

SET CONTlWLLEH/ 
FORMATTEI{ El{f(OI{ 
FLIP-FLOP; UJP ro 
RESP7 

ADR (READ ANO WHITE ADDRESS FIELD) 

Figure B-1. Storage Module Drive Flow Charts (Sheet 33 of 45) 
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T 
SET SECTOR 
ADDRESS= 0. 
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NO 
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D=ROR 
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S = MIRL (= 9) 
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AD REP 

JA401 
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Figure B-1. Storage Module Drive Flow Char.ts (Sheet 34 of 45) 
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SET TAG OUT 
FLIP-FLOP 

CLEAR TAG OUT 
FLIP-FLOP 

SET OMA GO 
FLIP-FLOP 

CLR RESPONSE 
FLIP-FLOP 
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CLEAR TAG OUT 
FLIP-FLOP 
UJP TO IOER7 

IOER7 
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FLIP-FLOP; UJP TO 
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RESPB 

Figure B-1. Storage Module Drive Flow Charts (Sheet 35 of 45) 
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RESTORE SECTOR 
ADDRESS. 

0520 

CLEARDMAOO 
PUP-FLOP 
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D = FLR 

S =RAM 
D =RI 

D =RI INC 
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D= RAM 
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Figure B-1. Storage Module Drive Flow Charts (Sheet 36 of 45) 
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DELY (20 MICROSECONDS) 

S = MIRL (=10) 
D = Rl 

D = Rl INC 

UJP TO DONE 

NO 

COM PL 

YES 

DELX (60 MICROSECONDS) 

S = MIRL (=10) 
D = Rl 

D = Rl INC 

NO 

UJP TO ERR7 

Figure B-1. Storage Module Drive Flow Charts (Sheet 37 of 45) 
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AUTO LOAD 

INITIALIZE 
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CONTROLLER/ 
FORMATrER 
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WAH FOlt 
S\\'ITCll TO DROP. 

' •. 11 ·1.1:\1{ o\NY 
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ENTER (AUTO~ 

CLEAR DMA 
GO FLIP-PLOP 
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CLEAR WRITE 
FLIP-PLOP 

CLEAR READ 
FLIP-PLOP 

D = DMACLR 

SET BUSY FLIP-FLOP 
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D = ROR 

SET LPFLG FLIP-FLOP 
UJP TO FLTCL 
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SET NEED FLIP-FLOP 
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FLIP-FLOP 

SET ALENB FLIP-FLOP 
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FLIP-FLOP 
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D = TBR 

Figure B-1. Storage Module Drive Flow Charts (Sheet 38 of 45) 
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DRIVE 
SELECT 

0523 

NO 

YES 
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SET TAG OUT 
FLIP-FLOP 

SET RESPONSE 
FLIP-FLOP 

CLEAR RESPONSE 
FLIP-FLOP 

NO 

UJP TO JA451 

RESP2 

Figure B-1. Storage Module Drive Flow Charts (Sheet 39 of 45) 
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llETUllN-TO-ZEHO 
r\ND CLEAR FAULTS. 
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NO 

YES 

S = MIRL (= FF) 
D=BOR 
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S = MIRL (= C) 
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SET TAG OUT 
FLIP-FLOP 

CLEAR TAG OUT 
FLIP-FLOP 

SET RESPONSE 
FLIP-FLOP 

FLT CL 

NO 
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Figure B-1. Storage Module Drive Flow Charts (Sheet 40 of 45) 
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DRIVE 
STATUS 2 

0525 

AGAIN 

NO 

CLEAR RESPONSE 
FLIP-FLOP 
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S = MIRL (=8) 
D = TBR 

S = MIRL (=8) 
D = BOR 

SET TAG OUT 
FLIP-FLOP 

CLEAR TAG OUT 
FLIP-FLOP 

S = IJUSIN 
D = Rl 

NO 
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UJP TO J A-17 I 

Figure B-1. Storage Module Drive Flow Charts (Sheet 41 of 45) 
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READ 
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FLIP-FLOP 

S = MIRL(=9) 
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Figure B-1. Storage Module Drive Flow Charts (Sheet 42 of 45) 
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FLIP-FLOP 
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FLIP-FLOP 
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Figure B-1. Storage Module Drive Flow Charts (Sheet 43 of 45) 
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CLEAR RESPONSE 
FLIP-FLOP 

0528 

S = MIRL (=A) 
I> ::. Fl.R 
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Figure B-1. Storage Module Drive Flow Charts (Sheet 44 of 45) 
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ENTER (SPEC) 

R·O 

S = MIRL (=F) 
D = FLR 

S=RAM 
D = FLR 

S= RAM 
D = Rl 

SET Rl TO A FLIP-FLOP 
UJP TO REP 

0529 

ENTER (SFW AU) 

S =AL 
D = FLR 

S =AU 

LDRAM 

D =RAM 
UJP TO REP 

S = MIRL (=F) 
D = FLR 

S =AL 
D =RAM 
UJP TO REP 

Figure 8-1. Storage Module Drive Flow Charts (Sheet 45 of 45) 
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DRIVE INTERFACE MICRO PROGRAM LISTING c 

m .n+·w:; •sa ws ··mesaswe ''W , .. +u-e, .. ,,• »·•,:1• 1w1e++ee•·· , Mc+t1•.,, .~zl ifllM· ··u' mw tM,'1t·'1, r+., ·;;e•M?Mdif!·1
• ·42Ni'¥+Ei49fi¥11 

DISK PAGE 1 DATE: 0.J/05/77 I 
0001 NAM OISK 
0002 SE\.ISD MAC s.o,ou 
0003 Vf D X8/*/2-VtN7/0,Nl/l, 
0004 VFO X3/•s•,.X4/•o•,,X9/•00• 
0005 f MC 
0006 SfQFF MAC M.F 
0007 VFU X8/*/~-V1Nb/O,~l/l,Xl/t~t, 

0008 VFU N2/0•X~/tf•,,N9/0 

0009 t.MC 
0010 UJI-' MA(. JA 
0011 VFO X~/*/~-V.Nl/1•~710. 

{J(J 12 VH> N7/0,~9/IJA1/2-V 

0013 E~C 

0014 UJPS[J MAC 5,[),JA 
0015 VFO XH/*/2-V,Nl/},N~/O.Nl/lt 

f1 n lt> VFU X3/•S•,,x4/•u•,,X9/•JA•/~-v 

0017 E.MC 
OOlA UJPFF MP.C M,F,JA 
(l() 19 VFD X8/*/2-V•Nl/11N5/0eNl/11Xl/tMtt 
0020 VF I..) N2/0,XS/•F•,,X4/IJAt/2-V 
OO?l EMC 
fl 0 t>? JM Pf MAC JC.. J'-
0Vi'3 VF I) ~~/*/?.-V,Nl/OtX~/'Jf•,,N~/Ot 

00?4 VFU N7/0t~9/IJAl/~-V 

0(•25 EMC 
(I 0 2t- ~tAPF SD ""AC Jc.s,o,..,A 
()(o21 VFO X~/*/2-Vt~l/OtX~/ 1 ~C•,,Nl/UtNl/l, 

002~ Vf U x31•s•,,x41•u•.,x~1·J~·1~-v 

0029 f:.MC 
0(•30 Jt-,tJr FF MAC Jt,,"l,FeJA 
0031 VFU_ Xk/*/?-v.~l/UtX~/·~c· •• ~l/ltXll'M•, 
003? VFIJ N2/o,x51•f•.,x~1·J~·1~-v 

0033 E111C 
0034 Jl\liPT r.1AC. JC,Jll 
ft03~ VFU X~/*/2-V,Nl/ltX5/'JC•,,N~/Ot 

003b VFU N7/0tXY/'J~ 1 /?-V 

01'37 t.,.,C 
Ci 0 3fi Jr.t.PTSO "'1AC JCtStD•J'4 
no3q VFU X8/*/?-VtNl/ltX~/tJC•ttNl/O,Nl/l, 
(\040 VFD x11•s•,,X4/•u• •• X9/IJA•/2-V 
,, (14} H1C 
0042 Jt..PTH ..,A~ JC,M,feJA 
flfl43 vrn X8/0/2-VtNl/l,X5/'JC••tNl/ltXll'M•, 
0044 Vf lJ ~?./OtX~/tf1,,xq1•JA•1?-V 

0045 EMC 
ll(14h NOPP MA( 

(1(147 Vf D X H/O I e•V t t-.1tj/ U t 
004fi VFIJ t\llb/!) 
UC14Y EMC 
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I DISK PAGE 2 OATEI fJ.;J/05177 

0051 • s FIELD (SOURCE> EQUATE.S 
0052 • 
0053 0000 EQU BUSINCO> f4US IN 
0054 0001 EQU MIR ( U MIR HITS 0-1 
0055 0002 f QlJ SR1(2) Rl REGISTER 
0056 0003 f QU SRAM(3) A X lfl FILE 
0057 0004 EQU SFLR(4) ~LR hITS o-3 ANO MIR ~ITS 4-7 
0058 0005 EQU Q(5) Q ~ITS o-~ 
0059 0006 E<.IU Al(b) A REGISTER BITS u-7 
0060 0007 EQU AU (7) A R£GISTER BITS 0-1~ 
0061 ... 
00b2 ... 
0063 • 
0,064 * 0 FIELO <DESTINATION) EQUATES 
0065 * 
0066 0000 EQU Rl ( 00) f<l REGISTER 
0067 0001 EQU FLR<Ol> FIELD LENGT~ REGL~TER 
0068 0003 EQU ALLC03) HUFFtR LENGTH LQw~R (U-7) 

0069 0004 EQU HLUC04) bUFFE.k LENbTH UP..,t.R (~-15> 
0070 000~ EQlJ CWALCOS) CURRl:NT W()Rt) AUUH REG (0-7) 

0071 0006 EQU CWAU(0t)) CURRf NT WOFH.1 ADUt< REG (8-15) 
(l(l72 0007 EYU CwAUUC07) CURRENT WORL> i4lJl)~ Rt.G <lt>-17> 
0073 000~ EQU TR~q OH) TAG blJS QEGISTl::.R 
0074 0009 EQIJ 80P((J4) ~us OUT REGISTtR 
0075 OOOA EQU RAM(lO) ~ x lt- F IU:. 
0076 OOOB EGU R}INCCll> INC P.l REG CSTR011t) 1 

(•077 oooc EOU HLDECCl?> ~UFFl:R LENbT~ RE~ DE.C <STROtsE> 
007f( ooon EQU r>MACLR ( 13) OMA Clt. AQ CSTRO~l:.J 
0079 * 
0080 0 

0081 * 
008? * F FIEU.1 <FLIP FLOPS) l-_l.llJATE 5 
(I 0113 * 
00~4 0000 ECJU REPLY COO> ~EPL'f f- /F (St T {Jl~L Y) 
OObS 0 0(l l £QU ~E ...IF.CT< 0 l> J.Jt. JC:CT F/F C SC:T ur .. Lv > 

(1(1Ab 0004 EQU CUERR(04) CU t:R~OR F/1- ( ~t. l ONLY> 
00~7 OQQC, EQU NfF.n <OS) NE:.t.IJ F /F CSET CJt ... L Y) 
008H OOM> EvU Xl-f~ COfi) Ti::tAf~SFf::f.J COMPLETt. F/F 
OOJ:!9 0007 EGU E.OCC07> f:.ND OF CYLINDi:.R I" IF 
0090 ooof.1 El.IU TA<:iUUT COii) TAG OUT F/F 
0091 0009 £QlJ RfSP(Oq) ~I- SPOf\!SI: F/f 
0092 onoA EQU LPflb(lO> LOOP FLAG F/f 
0,093 00f')t-' EQU TM(ll) TEST MOf1E F/F 
0094 oooc ECJU WRTC12) WRITE" F /F" 
0(195 ooou EQU AIJP.FLU(l3> ~LJU~FSS F H:.LU F /t 
0 0 <It- OOOE ECJU RtAD(l4) Pf:. All F/F 
0097 nooF EQU ALEN'1<1S> AUTOLOAf' El\IA~Lt. r-/F 
009H 0010 ElJU HUSYClfi>- l"'USY f-/1-
Of\99 0011 fQU 0"'1PGO ( 17) (JMA c.;o F /F" 
0100 001?. E<W PP CHO PhOGP.Ar-;, PquTt.CT tlF 
0101 001.1 HJU FULWRT(l9) tULL RJTf. t.NA1il£ I'" /f 
0102 0014 EfW ~lTOA(?O) Fd T<' t FllJ/11-'Lt. flt 
0103 OO}b !:OU RlMSH<22) RI MS'-1 IN~lt1IT Flt 
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DISK PAGE 3 DATE: IJ.J/0~177 I 
0104 * 
0105 * 
0106 * 
0107 a- JC FIELD (JUMP CONDITION) ECWATES 
0108 * 
0109 0001 mu AQEXECCOl> DA A\JO A/Q ~EAD OR WRITE 
0110 00(J2 EQU A7(02) A REG HIT 1 
0111 0003 EQU ADFLD<OJ) ADDRESS FIE.LO F/F 
0112 0004 mu WRTFF(04) wRITE F/F 
0113 0005 mu LFLAG <05) LOOP FLAG F/F 
0114 0006 E <JU TSTM0(06) TEST MODE f /F 
u 115 0007 EQU Rl07(07) Rl REG BIT 

., 
0116 0008 E!JU PROT(Olj) X-FER TO PROT MEM OK 
0117 OOU9 EQU AIEVENC09> ~us JN PARITY 
0118 OOOA EQU CE<lO> CHECK END 
ll 119 oooc EQU NEOPCE ( 12 > NO~MAL El'-JD OR CHECK END 
0120 0000 E<JU XCOMP(l3) OMA TRANSFER COMPU::TE 
0121 OOOE. EQU ALAP~(l4) ALAQM CONDITION 
0122 OOOF mu EMPTY<l~) FIFO EMPTY 
0123 0010 EUU CUSEL ( 16> CU SELE.CTED 
0124 0011 E'lU TAGVAL<l7> TAG VALID 
0125 0012 EC~U sECTOR<l8) SECTOR PULSE <INVEJ.?TE.D> 
0126 0013 t::IJU INDEX<l~> I "'DEX PULSt 
u 127 0015 E<JU RLEOZ<2l) HUF~E~ LtNGTH EQUAL ZERO 
0128 OOlb El.JU RlEQR~<2c> 14 1 RF.G E<HIALS RAM OUTPUT 
0129 0017 EQU AUTOL<23) AUTf1LOAD SwITCH 
OlJO * 
0131 * 
Ul32 * 
01J3 v M FIELD <SET OR cu~ F /F) EQUATES 
OlJ4 * 
0135 0000 mu CLR(O) CLP S£Ll:CTE.lJ F/F 
013h 0001 t::<W Stl < 1 > SET SE.LE.CTED F/F 
01 :H * 
013ti a-

0139 * 
0140 * DD FIELD <DIPECT IJATA) [Ql_IATES 
Ul4l * u l 4 ;> 0000 EQU ZE~O<O> 
I) 14 3 0001 mu ONE<l> 
0144 0002 £(JU Tw0(2) 
0145 0003 

""' 
E<W THR£(3) 

0146 0004 ""-- EOU FOUP(4) 
0147 000~ 'E.CJU FIVE<5> 
Ul48 0006 mu sIX<6> 
11 l L+9 0007 EUU SEVEN<7> 
01~0 0 0 (Jlj E<.W EIGHT(8) 
01~1 000~ mu NINE(Y) 
01:i2 OOOA C.QU HEXA($A) 
01~3 OOOb EQU HEX8($8) 

OlS4 oooc E<~U HEXC($C) 
01~5 000[) mu HEXOC~D> 
Ob6 OOOE. EQU HEXf <$E) 
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I DISK PAGE 4 OATt.: U.J/05177 

0157 OOOF EQU HEXF($F) 
0158 0010 EQU HEXlO<SlO) 
0159 0030 EQU HEX30C$J0) 
0160 003C EQU HEX3CC$3C> 
0161 OOJF EQU HEX3F C $JF) 
0 lt>2 0040 EQU HEX40('G40) 
0163 005F EQU HEX SF< 1i5F> 
Olb4 007F EQU HEX7F <S7F> 
0165 OOFO EQU HEXFOC$FO> 
0166 OOFF EQU HEXFF($FF> 
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DISK PAGE 5 DATE: IJ.J/OC:,/77 I 
Ulb8 00000000000000000000000000000000000000000000000000000000000000000000000 

0169 0 0 

0170 0 REVISION 28 ll/Oll7b RELEASED 0 

0171 0 0 

0172 00000000000000000000000000000000000000000000000000000000000000000000000 

0173 v NOPP 
Ul73 POOOO 0000 
0173 POOOl 0000 
0174 SEQSD MlR•FLl-hHEXC 
0174 P0002 0101 
0174 P0003 aoc 
0175 SEQ SD Mlt:h~A._,,zERO 

017~ P0004 0201 
0175 P0005 3400 
0176 SE.QSD ZERO•D~ACL~•ZERO 
Ul76 P0006 0301 
0176 P0007 lAOO 
u 177 SEQFF CLR,FULWPT 
u 177 P0008 040~ 
u 177 P0009 2600 
0 l 7A CLR2 St.QSO Zf.RQ,UMAClk•7~~0 

0178 POOOA 0~01 
u 178 POOUH lAOO 
u 179 IDLE JMPTFF AQEXEC•CLRt8USYtTFO~M IDLE LOOP 
0179 POOOC 0686 
0179 POOOD 20CJ9 
() 1ti0 .J~PF AUTOL •IDLE. 
0180 POOOE 07~C 
0180 POOOF UOOb 
Ulbl UJPFF SET•FUL1111RT•AUTO 
u ltH POOlO 0883 
0 UH POOll 2H7 
0 l H2 TFOR~ U.JPFF SET•t:IUSY•HIGH 
Ult12 P0012 UYbj 
0182 P0013 ~lt.O 
l) 1d3 ILL Jr.APT FF A~EXEC•SET•REJECT•* I\/(~ RE.JF.CT 
0183 P0014 OAfH 
0183 P0015 020A 
0164 UJP , I OLE 
0 1 i14 P0016 UHdO 
0184 P0017 OOOti 

•Olt15 WAIT JMPT A11EXEC,o 
Uld5 PQ018 0Cb4 
(J 185 P0019 oooc 
0186 UJP IULE 
l) lb6 POOlA ODbO 
OlHh POOlR OOOo 
0 ltH ~EP JM PT FF A11EXEC•SET•REPLV•o A/Q REPLY 
0 l t17 POOlC UE~7 

UlH7 POOlD OUOE 
Ol~A UJPFF CLR •R l TOA• I DLI: 
0 ltSA POOlE OFH2 
0168 POOlF 2800 
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I DISK PAGE 6 DATE: lJ~/05/77 

01H9 CUOP SEQSO ALtBORtZERO 
0189 P0020 1001 
0189 P0021 0200 
0190 CHKCU JMPF CUSELtlLL 
0190 P0022 1140 
0190 P0023 OOOA 
0191 SEQFF SETtTAGOUT 
0191 P0024 1203 
0191 POOcS 1000 
0192 SEQ SD MIR•RltHEXFO 
0192 P0026 1301 
0192 P0027 20FO 
0193 SEQSO MIRtFLRtHEXC 
0193 P0028 1401 
0193 P0029 220C 
0194 JA41 JMPF TAGVALtJA42 
0194 P002A 1544 
0194 P0028 OOlE 
0195 SEQFF CLktTAGOUT 
0145 P002C 1602 
0195 P0020 l 000 
0190 JA43 JMPFso NEORCE•7.ERO,RllNC,JA44 
0196 P002~ 1731 
0196 P002F 1622 
0197 SEQSD BUSIN•RleZE.RO 
0197 P0030 ...1801 
0197 P0031 0000 
0198 JMPT BIEVEN•IOERl 
Ul98 P0032 l9A4 
019A P0033 0025 
0199 JMPT CEtlOERl 
0199 P0034 lAA8 
0199 P0035 0025 
OcOO RESPl JMPTFF NEORCE•SETtRE~P,o 

0200 POOJ6 1Ht:i3 
0200 P0037 121B 
U201 SEQFF SfTeRlTOA 
0201 P0038 1C03 
0201 P0039 2800 
0202 U.JPFF CLRtPESP,REP 
0202 P003A 1082 
0202 P003R 120E 
0203 JA42 JMPT50 CE•lERO.qlINCeCEl 
0~03 P003C 1EA9 
0203 P0030 1624 
0204 JMPF RlEtJRMeJA41 
0204 P003E lF!:>~ 

0204 POOJF 0015 
0205 <;EQFF CLReTAGOUT 
0205 P0040 200~ 
0205 P004l 1000 
0206 ERRl UJPFF SETtCUERRtREP 
0206 P0042 2183 
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OISK PAGE 7 UATE: 0~/0'5177 I 
0206 P0043 080f. 
01!07 JA44 JMPF RlEQRM•.JA43 
0207 P0044 225b 
0207 P0045 ·uo 17 
0208 UJP . ERRl 
0208 P0046 2380 
0208 P0047 0021 
0209 CEl SEQFF CLR.TAGOUT 
0209 P0048 2402 
0209 P0049 1000 
0210 IOERl UJPFF SET• CUE.'n~ •RE SP l 
0210 P004A 2583 
0210 PQ04f3 Ob lb 
0211 css SEQSO M Hh i:W~ • 7-E RO CURRE.NT SECTOR STATUS 
0~11 P004C 2b0l 
0211 P0040 3200 
01.12 SEQSD M II~• TttQ •FOUR 
0212 P004£ 2701 
0212 P004F 3004 
Ocl3 UJP CHKCU 
0213 P0050 ~HHO 
0213 P0051 0011 
U~l4 PATT SE<.J50 MlRti:tOQeONE. ECC PATTERN 
0214 P00'52 2901 
U214 PQ053 3201 
0215 UJP SET ti 
0215 P0054 cAbO 
0215 POOS:, 002E 
0216 OFS SE<JSD MIR•liO~•ZE.RO OR IVE FAULT STATUS 
Ucl6 POOS6 2f:j0 l 
0216 P0057 3cCJO 
0~17 UJPSO Q•TAR•C>-tt<CU 
0~17 P0058 2C81 
0217 P0059 t:iOll 
U21H C0!\11) Sf QSD MIReHOReTwO t.CC cor~o IT I (lNS 
Ocl8 P005A 2LJ01 
UdR POOS~ 320€'. 
ociq SETB c;F.QSO MlRtTtiReHE:.X~ 

021Y P005C 2E.01 
0219 PQOSD 300H 
oao U.JP CHKCU 
0220 POOSE 2Fb0 
0220 POOSF 001.1 
0221 PHYS 5E'1SO MIReBm~.FOUP P11YS1CAL UNIT NO. 
0221 POIJflO 300 l 
0121 P006l 3204 
U222 UJP SET8 
0222 P0062 3lb0 
0222 P00o3 0037 
0223 CUSTA SEf~c:;o ~1Ptt:10ReTWO cu STATUS 
0223 P00h4 3201 
ua3 P0065 3202 
Uc24 UJP SETH 
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I DISK PAGE 8 OATE: U,j/OS/77 

0224 P0066 3380 
0224 P00b7 0037 
0225 ORSTl SEQ SO MHhBO•hONE DRIVE STATIJS ONE 
0225 P0068 3401 
0225 P0069 3201 
0226 UJP SET8 
0226 P006A 3580 
0226 P006A 0037 
0227 DRST2 SEQSD MIRtAOlhEIGHT DRIVE STATUS TWO 
0227 P006C 3601 
0227 P006D 3208 
0228 SETS SEQSD MJR,TB~hEIGHT 

0228 POOt>E 3701 
0228 P006F 3008 
0229 UJP CHl(CU 
0229 P0070 3860 
0229 P0071 0011 
0230 CYLST SEQSO MIRtFLRtFOUR CYL AOR STATlJS 
0230 P0072 3901 
0230 P0073 2204 
0231 SEQSO SRAMtRl•ZERO 
0231 P0074 3A01 
0231 P0075 bOOO 
0232 SEQ SD MJR,FLR•THRE 
0232 P0076 3801 
0232 P0077 2203 
02J3 U.JP REP 
0233 P0078 3Cb0 
0233 P007q OOOE 
0234 SECST SEQSO MIRtFLR•TWO SEC/HE.AD STATllS 
0234 P007A 3001 
0234 PO Orn 2202 
0235 SE.QSD SRAM.RltZEkO 
0235 P007C 3E01 
0235 P007D 6000 
0236 SEQSO MlRtFLRtONE 
0236 P007E 3F01 
0236 P007F 2201 
02J7 U.JP RE.P 
0231 POOAO 408(1 
0231 POO'il OOOE. 
0238 SFWAL UJPSO AL•CWAL•PEP SET FWA LOWER 
0238 P0082 41Hl 
0238 POOA3 CAOE 
0239 BUFFL SEQSD AL•ALL•7F.RO ojpFFf.~ LENGTl'1 
0239 P0084 4201 
0239 POOHS CbOO 
0240 U.JPSO ZEROtBLDEC•REP 
0240 P0086 4381 
0240 P0087 lbuE 
0241 SEL JMPF Cu5EL•JA9l Ur..iIT SELECT 
0241 P0088 4440 
0241 P0089 004b 
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DISK PAGE 9 DATE: UJ/OS/77 I 
0242 U..JP CUOP 
0242 P008A 4580 
0242 P008A 0010 
0243 JA91 U..JPFF SET.NEED.REP 
0243 P008C 4683 
0243 POOBO OAOE 
0244 OE CHO JMPF A7,ILL DRIVE ECHO OUTPUT 
0244 P008E 4708 
0244 P008F OOOA 
0245 UJP CUOP 
0245 POOYO 4t:i80 
0245 P0091 0010 
0246 SEEK JMPF CUSEL•lLL LOAD ADD~. <SEEK> 
0246 P0092 4940 
0246 P0093 OOOA 
0247 SEOSD ~IR,FUhTHRE 
0247 P0094 4A01 
0247 P0095 2203 
0248 SEQ SO AL,RAM•ZERO 
0248 P0096 4801 
0248 P0097 0400 
0249 SEQSO AU•dOR•ZERO 
0249 P009A 4C01 
0249 P0099 F200 
0250 SEQ50 MIR•FLReFOUR 
0250 P009A 4001 
0250 P009A 2204 
0251 SEl~SO AU•RA~•7Ei.?0 
0251 POOYC 4E01 
u2s 1 P009D F400 
0252 <;EQSD MIR·T~R.six 
U252 P009E 4F01 
0252 P009F 300b 
0253 JMPTFF AQEXEC•SET•REPLY•* 
0253 POOAO ':>Ob7 
02':>3 POOAl 0050 
0254 OUT SECJFF SET•TAGOUT 
U254 POOA2 5103 
02':>4 POOA3 1000 
0255 SE. <lSO MlR,Rl•HEXFO 
0255 POOA4 52Ul 
Oc~5 POOA5 20FO 
0256 SEQ50 P·1l~·FLR·HEXC 
0£156 POOA6 5301 
0256 POOA7 220C 
0257 JAlll J~PF TAGVAL•JAllt? 
02~7 POOA~ 5444 
02~7 POOA9 005E. 
0251-4 S£llFF CLR•TAGOUT 
02'::>8 POOAA 5502 
0258 POOAH l 0 00 
02~9 ..JA 113 .JMPFso NEORCE•ZER0eRlI~C • ..JAll4 
0t:"~9 POllAC ':>6Jl 
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I DISK PAGE 10 OATE.: 0~/05/77 

0259 POOAD lb63 
0260 JMPT CEtRESP2 
0260 POOAE 57AH 
02t>O PO OAF 0067 
0261 JM PT FF NEORCE•SET,QESP•* 
0261 POOBO !:>BB3 
02t>l POOBl 1258 

. 0262 JMPTFF LFLAGtCLRtRESP,JA121 
0262 POOR2 5996 
02t>2 POOA3 l2b6 
02b3 SEQSO MHhT8R.FIVE 
Ocb3 POOB4 !:>AOl 
0263 POOB5 3005 
02b4 SEQ SO ~IRtFLR•THRE 
0264 PQ0d6 5ti01 
0264 POOB7 2203 
0265 SEQSD SRAM.~OR•ZERO 
0265 POOBH SCOl 
0265 P00Ji9 7200 
02b6 lhJPFF SET•LPFLG•OUT 
0266 PO OBA 5083 
0266 POOBH 1451 
0267 JA112 J,..PTSO CE.zEqo.RlJNC.cE2 
0267 POOrlC 5EA~ 
0267 PO ORO 106~ 
0268 J"°'PF RlEURM•JAll l 
02bA P00'3E 5F5ts 
0268 POOl:!F 00~4 

02b9 SElJFF CLR•TAGOUT 
02b~ POOCO 600~ 
02b9 POOCl l 000 
0270 EQRl SEQF~ cu~.LPFLG 
0270 POOC2 bl02 
0270 POOC~ 1400 
0271 IJJPFF SET •CUERlh I OLE 
0271 POOC4 o2d3 
on1 POOC5 0806 
0272 JAll4 JMPF RlECJR~hJA113 
0272 POOC6 63!lb 
0272 POOC7 OO~b 
0~73 UJP ER~2 

0273 POOC8 64ti0 
0273 P00C9 OObl 
0274 CE2 IJJPFF CLR,TAGOUT•RESP2 
0274 POOCA 651:S2 
0274 PO OCR 1067 
0275 JA121 UJPFF CLl~•LPFLG•IDLE 
0275 POOCC 6bb2 
027~ POOCD l40b 
0276 RESP2 JMPTFF NEO~CE•SET•PESP•* 
0276 POOCE b78J 
0276 POOCF l2b7 
0277 llJPFF CUhRESP,E.kR2 
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DISK PAGE 11 DATE: U.J/OS/77 I 
0277 PO ODO 688~ 

0277 POOOl 1261 
0278 POLL JMPF CUSEL•ILL l"'ITIATE POLL 
027A P0002 6q4U 
0~78 P0003 OOOA 
0279 SEQSO AL•BOR•ZERO 
Ot!79 P0004 6A01 
U27Y P0005 [)200 
0280 .JMPTf:F AQEXEC•~ET•REPLY•o 
02bO POOD6 bt:HH 
02f10 P0007 006ii 
0281 SEQFf SET•TAGOUT 
02tH POODR 6CO::t 
02tq POOOY 10 uo 
0282 ~EQSO MlPtRl•l-1EXfO 
lJ2H2 PO ODA oDOl 
U2t12 P0008 20FO 
02H3 SEQ SO Ml~·FLR.HE.XC 
02H3 POODC bt. 0 l 
0283 POOClO 220C 
0284 JA141 JM~F TAGVALtJAl42 
02114 PO ODE 6F4'+ 
02t14 POODF 007b 
02tjs SEQFF cu~' T AGOIJT 
02t1'5 POOEO 7002 
O~H5 POOEJ 1000 
02bn Sl:.USD MHhPl•HEX~F 
02Hti P0tlE2 71 (J l 
0~8fl POOf.3 20~F 

02d7 JA143 JM PF SD Nf0RCE•ZERO,Rll~C,.JAl44 
02ts7 POOE4 72 .. H 
0287 POOE5 lb 7C. 
02oR SE t...l5() BUSINtRl.ZERO 
OctiR POOE6 7301 
0.?1-iA POOE7 0000 
Ocb9 .;J.1PT t:HEVE:"'• IOEP2 
0289 POOEH 74A4 
0289 POOF.:9 0 07E. 
0240 JMPT CE.IOER2 
0290 PO OE A 7'iAb 
02QO POOF.A 007t 
02..., l RF.SP3 .;MPTFF Nf 04C~•SET•RE5P,~ 
0291 PQOEC 76~3 

u~..., 1 PO OED l27ti 
02"'12 UJPFF CL~• fJE5P, I llLE 
02Y2 POOEI:: 77ts2 
(J (Jt.12 POOEF 1206 
0293 JAl42 JMPTSD CE,zERO,QllNC.CE2 
Oc93 PQOFO 78A'J 
02':13 POOFl lbb~ 
OcY4 JM Pf HlEcJRM•JAl4l 
Oc...,4 POOF2 71.;Sts 
0244 P(Jl)f 3 OObf 
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I DISK PAGE 12 DATE: U".j/05/77 

0295 SEQFF CLRtTAGOUT 
0295 POOF4 7A02 
U295 POOFS 1000 
02% ERR3 UJPFf SET• CUE RR' IDLE 
0296 POOF6 7ti83 
0296 POOF7 0806 
0297 JA144 JMPF RlEQR~·1.JA143 
0297 POOFB 7C58 
0297 POOF9 0072 
0298 - UJP ERR3 
0298 POOF A 7080 
0298 POOFR 007b 
0299 IOER2 UJPFF SETtCUERRtRfSPJ 
0299 POOFC 7E83 
0299 POOFO 0876 
0300 FORMAT Jl\o1PF CUSEL•ILL FORMAT WRITE 
0300 POOFE 7F40 
OJOO PO OFF OOOA 
OJOl SEQ5D MIR•TBl-hHEXE 
0301 P0100 8001 \_ 

0301 POlOl 300l 
0302 SEU SO MJR,BO~e7.ERO 
0302 P0102 8101 
0302 P0103 3200 
OJ03 JMPTFF" AQEXEC•5ETeREPLY•* 
0303 P0104 8287 
0303 P0105 00h2 
0304 c;EQFF SETtTAGOIJT 
0304 P0106 830.:S 
0304 P0107 iooo 
0305 SEQ SD MlRtRl•HEXFO 
0305 P0108 8401 
0305 P0109 20FU 
0306 SEUS() MJR,FLR,HE.XC 
0306 POlOA 8501 
030b POI OR 220C 
0307 JAi 71 .JMPF TAGVALtJA172 
0307 POlOC 8644 
031)1 POlOD 00% 
0308 SEQFF CLR,TAGOUT 
OJ08 POlOE 8702 
0.30A POI OF 1000 
0309 SEQSO MIR•FLR•l-fEXD 
0309 POll 0 8801 
0309 POlll 2200 
0310 srnso "'11RtRAM.~EX3C 

0.J 1 0 POll2 8901 
0310 P0ll3 343C 
0311 OUT LP SEQSO MIR•Pl•ZERO 
0311 P0ll4 HAUl 
0311 PO 115 2000 
o:.H 2 INLP <;E •}SD M!RtFLR,HEXC 
0312 POllfi 8H01 
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DISK PAGE 13 OATt.: U~/OS/77 I 

0312 P0117 220C 
0313 SEO SD ZERO•RlINC•ZERO 
l.JJ 13 P0118 8C01 
0Jl3 PO llq 1600 
0314 JMPT NEURCE.F,,_ENO 
0314 POllA 80~0 
0314 POllR 009A 
0.315 Jt.tµF RlEQRM•Il\JLP 
0315 POllC 8E~8 
OJl 5 POllO 00ti8 
0316 <\EQSO t-1IR,FLR•HEXD 
0316 POllE t;FOl 
0316 PO l lF 2200 
0317 <\EQ50 SRAM,Rl.ZE.RO 
o:.n 1 PQ120 90 01 
0317 Pfll21 6000 
U31H SEOSD MlR•FL~•HE:.XC 
0Jl8 P0122 9101 
0)18 PQ123 22UC 
o:.n 9 JMPT RltQRM•ERR4 
0319 P0124 9CDb 
031Q P012S 0099 
0320 SE CJ SO ZEPO•Rlil\JC•ZEQO 
0320 P0126 ~301 
(JJ20 P0127 lbuO 
U321 SE'}SO "1!R,FLR•l-IEX(J 
U3c 1 P012H 94 0 l 
OJcl P01?9 ~cOD 
OJc?. LJ.JPSf) SRl.RAM.OUTLP 
0322 POl~A 9~t:1 l 
OJ?.? POl?.H 54CiA 
03c3 JA172 J"1µTSfl CE•ZERQ,QlINC.CE2 
0323 P012C 'ibA~ 

u3c3 POli-?D 166~ 
O,jc4 JMPF RlE1H~M.JA171 

OJc.'.'4 POl?.E 97~(j 

0324 P012F OOHb 
0J25 SEiJFF Clf.J • T AGOIJ T 
0325 POlJO ~802 
OJ2t; P0131 l 0 U (I 
O~frb EPQ4 U.;1->FF SET,CUl:.R~•lOU: 
OJ2'1 P0132 41.JtSJ 
OJl'.'6 POlJJ Ob Ob 
0327 FwEND .J"'1PT CE•IUER3 
OJc7 P0134 9AAtj 
li3?.7 P()lJS 009F 
OJcH RF.<;P4 JM PT FF ~EORCE•<;ET•~Ec:;o.* 
0328 P013fl YHt13 
OJcA PO l _p l 2'7d 
03c"I Jf-1PTFF ALARM•CL~•kESP•t~RlO 
032q P0138 9CMA 
0329 Pfll3'1 lc9f 
03JO S£ 1JFF si:.r.xn:~ 
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I DI SI\ PAGE 14 DATE: U.3/05/17 

0330 P013A 9003 
0330 P013B ocoo 
0331 ERRlO UJP IDLE 
0331 ._,Ol3C 9t.HO 
0331 P013D 0006 
0332 IOER3 UJPFF SET1CUtRP1PESP4 
{1332 P013E. 9F83 
0332 PQJ3F OR9ti 
0333 SEC SFQSCJ MIRtFUhOM: St. T SECTOR/HEAD 
0333 P0140 AOOl 
0333 P014l 2201 
0334 SE <JSO AltRAMtZE:.RO 
li334 "'0142 AlOl 
0334 P0143 0400 
0335 SEQSl.J MlReFLHtt1t.XA 
0335 P0}44 A20l 
0335 P0}41j 220A 
033f> 5EQS() ALt~AMtZE.RO 

0336 POl4b A30l 
0336 P0147 U400 
0337 SEYSV MJReFL~tTk() 

P337 Pfl}4M A40l 
0337 POl49 no? 
()338 SEQSlJ AUePAMtll:tW 
033~ P0}4A A50l 
<J33H l->0)41:1 F400 
0339 StQ5u ~lPtFLRtt-lf:.Xf 

0339 Pl"} 4L A60l 
11339 t-'0}40 2?01-< 
0.140 SEC~Sl· AUtR'1"'1•l1:'~0 

0:'.14 0 l-'0}4t. A70l 
0340 i->Q 14F F400 
11341 UJfi5ll AU,~O~tCHK(.'U 

1!]41 P0150 AA11l 
03·41 ._)(11~1 I- 211 
fl)42 Rcor,.r SE:.l.iSU 114 IR, F Lf-1 t Ht lC C ~U•I> ~£(;0VtRY CONTHOL 
0342 i->n 1 ~£' ACJOl 
!'1342 PQp;3 2?.0C 
(\343 St:(.151.J AU, i:n • lt.HU 
0343 P(l)~4 AAOl 
(1343 t'(ll~5 tOOO 
0344 JMl-'F- Hlf(j~llo'tJAl'Ol 

\1344 .,Ol5h Ah Sq 
n:i44 ~0157 Oll8A 
034~ St.OSLJ tvlJR, lf1Ht,..E:.AC 
034~ Pn}Sfi ACOl 
03'1.~ P0154 300C 
0146 St.Q$u AltPORtLERO 
0.14b P(11 ~A AOOl 
(1~i4 f, P Ci 1 ~H 0200 
11~47 Jt-i~F A7,Ct~t<CU 

u347 POJSC AE.OH 
(\ ~14 7 ._, 0 l SL> ll 011 
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OISK PAGE l~ l.JATE: 0.:J/0'5177 

0348 JMPF cusi;L,ILL Rt.TURN TO ZE~O Stt:.t< 
0348 POISE At=40 
034fl I-' 0 l 'iF OOOA 
03~q JMPTf F AQfXtCt5C.T,PtPLY,~ 

0349 P0160 t10A7 
034~ POlf>l 00~0 

0350 SEU51.J MI~.Fu~.rwn 
0350 P0162 H l O l 
0350 1->0163 2?0? 
03C, 1 srnsu Ml~tRAMtZEkO 

< 1 3~1 POlo4 H20l 
f)J51 tJOlb5 3400 
035? Sf:. CJ Su ~Iw,fLf-<,ThfH·. 

03Sr. ~ 01 f'f:, ~301 
035? P0}67 2'?03 
(11~3 SEQSl.J MJR,~A~,zt~O 

0353 ~Olbh rl40l 
(·35~ Pfll69 3400 
O]S4 SE<J5U MIReFLRef-UUk 
<13'l4 1-'0 l hA 1:-1'::)01 
PJS4 PO} 6ti 2?04 
1'155 SEUSIJ MIReRAMeZf.RO 
r13 '::)!'.> ~OlnC f-chO 1 
035~ 1->0ltil.J 3400 
0356 SElJ5U MIR, FL R, O"t~ 
'135h i->OlbE ~701 
n.15n P016F "201 
OJ57 St.l.ISL> M!PtkA~tltP(. 

n ~i~ 7 P0170 i-<~f\ 1 
ri35 7 "'01 71 3400 
ll]~~ llJPH· StT.LPfLG,OlJT 
113Sh 1-'017? 1-14A3 
(J]5d i->() 173 14 c; 1 
(I j ':J'J JA201 St 1JSO Mlf.le lt'll-<tl-'~ XIJ 
113~'-' t-'O l 7'+ t< A 01 
(! 3C, CJ 1->0 l 7r:; 30 OIJ 
(l~hO LJJPSLJ AUt1-<<WtCHKC:lJ 
f1 .H·U t-'fl l 7h t_-ii·HH 
f) i6 0 µ0177 F? 1 l 
fl ]h 1 w~I TE JMPTFF ' r<l f (,17, CLR •~I 1~Fll.J • i-: PC hi\ 
(• :~r. l ,.J(\ 1 7~ f-<CDh 
11~h1 f-1(' 174 lR93 
(i :1 t-? l\TM ,JMPf- CUSt.L.ILL 
l;jf-(' ~) O l 7 f>. Hll4U 
0 .16?. .,J(\ 1 71=1 finoA 
o :~ n 3 JA?.Jl Jl-IPF A7,Jlle3?. 
(IJh] iJ (11 7 (. r<F 0 ,_. 
II 1h3 ,_,n1n OflCO 
fl3~4 c.;t. <Jf- F c;t T • AilHt- LU 
03h4 ,J(l l 7f HFf\1 
l1Jh4 PO 1 7F }AOO 
(iJhl:> JJJl.32 Jt-11-'HF ~w~x~r.s~T.~tPLY•* 
(\]ht., P 0 l l->O ( n.1:11 
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DISK PAGE l f> DATE.: U.J/OS/77 

03f)5 f.>0181 ooco 
0366 JMPT BLEQZ,C.,.K~P 
0366 P0182 Cl04 
0366 P0183 0195 
0367 NOTT~ JMPTf F AOFL~tStT1~~T,~OR 
0367 POlf44 C2AF 
0367 P0185 l96E. 
0368 AUFIND SEQ SU MIR1FLF<10NE. 
0368 P0186 C301 
0368 "P0187 2201 
03b9 SEQ SO MIR1RAMt>-tEXFF 
03hY J.'01A8 C40l 

"03b9 i->OlH9 34FF 
0370 SEQ SU MIR1FLRtTwO 
0370 P018A C':>Ol 
0370 POI AB 2?0? 
037} St.QSO MIR1RA"1tHl:.XFF 
0371 P018C C60l 
0371 PQ}80 34FF 
0372 AOCO~ SE:.lJH SET, AlJkF LU 
0372 1-'0l8f C703 
0372 J.'OlHF 1'100 
0373 Sf<.JSC> "1HltFL~tHEXF 
0373 l-'OJ 90 CBOl 
0373 P0191 220E 
0374 SE.QSL1 "'1RtRAMt~EX7F 
0374 P019? C90l 
0374 POl'-13 347F 
0375 RE.PT SEQ SU MJR1T~kt"4lNt 
0375 POl94 CAOl 
0375 P0}95 3009 
0376 SEQS[J MIR. FUh f. J(,HT 
CJ37f- PO)% CHOl 
037h P0}97 2208 
0377 SE<JSU l•qt-l,t:iORt"1lfl.1F. 
IU77 ~019~ CCOl 
0377 POl94 320~ 
037H JMPT St.CTORt* 
037H P019A COC8 
037H 1->0 l 9H onco 
037q JA251 JMPFFF TAGVALtSt.TtTAGOGT•J'12~2 
0379 1-'rll 9C Ct47 
0379 P0190 lOE4 
0380 SEC.If F CLR.TAbOUT 
0380 t'Ol9E CF02 
(J380 t'Ol~F 1000 
03Hl Jllo1PF NEORCt.t* 
0381 1-'0l AO DO]O 
0381 P(l} A 1 0000 
038? J~f->T Cl:.eIOf:.R4 
03H2 f-'Ol A? DIAB 
C38? µUlA3 OOE.6 
03~3 ~tSP5 JMPTf-F NEORCEtStT.~ES~•* 
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DISK PAGE 17 DATE: 11/03176 

0383 P01A4 0230 
0383 POlAS 0002 
0384 JMPT CE, IOER4 
0384 P01A6 03Atj 
0384 P01A7 OOE::6 
0385 qESPS JMPTFF NEORCE•SET•RESP,~ 
03b5 POlAA D4H.3 
0385 P01A9 1204 
0386 JMPTFF ALARMtCLR•RESP,ERR7 
03~6 POlAA D5HA 
0386 POlAA 121:8 
0387 SEQ SO MIR,FLRtTWO 
0387 POlAC DbOl 
0387 P01AD 2202 
0388 SEQSD SRAM,Rl•ZERO 
0388 POlAE 0701 
0388 POlAF nOUO 
0389 SEQSD MIR,FLR,HEXB 
0389 POlHO 0801 
0389 Poun 220t1 
0390 JM PF FF RlEQRMtSET•RlMSHtNOCOM 
0390 P01H2 OY~t1 

03YO P01H3 2CEC 
0391 SEQ SD MIR,FLRtONE 
0391 P0184 OAOl 
0391 POlAS 2201 
0392 SEQ SD SRAMtHl•7.ERO 
0392 P01A6 Ut:!O l 
0392 P01H7 bOOO 
0393 SEQ SD MIR,FLR.HEXA 
0393 POlHH UCOl 
0393 POlii9 220A 
0394 JMPFFF RlEQRM•CLP•Pl~S~•NOCOM 
0394 POlHA OD~A 

0394 Po urn 2CtC 
0395 srnso MIRtFLR•lERO 
0395 POl~C ()E. 0 1 
0395 PO 11-\D 22()0 
0396 SE1.JSD SRAM.FLR•ZERO 
0396 POlrlE OF 01 
0396 POlHF 6200 
0397 SE1JSO SFLR•tjQ~.1-11:.)1.40 
OJ97 PO!CO E. 0 (J l 
03<.;7 POlCl 9240 
0398 JMPTFF WRTFF,CL~•AD~FLD·~RET 
039H POlC2 U92 
0398 POlt:3 16?.4 
OJY9 UJP RRET 
03YY POlC4 E2tsO 
0399 P01C5 0120 
0400 JA2'>2 ,JMPT ALARM•ERR6 
0400 POlCf> E31:ib 
0400 POlC7 oot., 
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DISK PAGE 18 OATE: 11/03/76 

0401 JMPF CEtJA251 
0401 POlC8 E42ti 
0401 P01C9 0000 
0402 SEQFF CLRtTAGOUT 
0402 POlCA E502 
0402 POlCH 1000 
0403 IOER4 UJPFF SETtCUEQ~•RESPS 

0403 PO ICC Ebb3 
0403 POlCD 0804 
0404 ERR6 SE OFF CLRtTAGOUT 
0404 POI CE E702 
0404 POlCF 1000 
0405 ERR7 SE OFF CLR•WRT 
0405 POlDO Eli02 
0405 POlDl 1800 
0406 SE OFF CL~•REAO 
04U6 P01D2 E 9 o.c 
0406 P01U3 }COO 
0407 SE<J50 ZERO,u~ACLR•ZERO 

0407 P01D4 EAOl 
0407 P0105 lAOO 
0408 UJPFF CL~tPP•CLPc 
0'+08 P01D6 E8H2 
0408 P01D7 2405 
0409 NOC0"1 SF:Qf F CL~•~lM<:;8 

0404 P0108 E:.CO~ 

0409 P0109 2COO 
0410 SE<.JSO MIR,FLR,HtXE 
0410 PO l f)A fl) u 1 
0410 PO l •)H C2bt 
u 411 si::qso SRAM.Rl,zERO 
0411 POlDC EE lJ 1 
0411 PO lDD oOOO 
0412 5E (,)«;D MHhFLPeH~_xc 

0412 POlDE EFOl 
0412 PO lOF aoc 
0413 ~OPP 

. U4 l J POlEO FOLIO 
0413 POlEl 0000 
U4 l '+ JMPT Rlf(,)HM•fi:rna 
0414 P01E2 FlDtj 
0414 POlf.3 OOFA 
0415 st.1Jc;(l ZE.RO.~l INC•/EQO 
0415 POlE.4 F2Ul 
U4}5 POlE'i 1600 
0416 SE:.1JSD ~.qR,fL4,HE.XF 

U4lfi PO lf.1-> F301 
04lb POlE7 22UI:. 
i.J4 l 7 llJl-'SO S~l.RAM,RfPT 

04 l 7 P n H~ H F4~l 
0417 POlE9 ~4CC 
04}8 c:;FwAU JMPT A7,Ll>4AM 
0411"3 OOlEA F':>t1h 
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Dl5K PAGf. 19 OATE: 0.J/05177 

Ii'+ 18 POlt.H 220F 
041~ UJP5l.J ALtRAMtRf.P 
0419 POlEC Fh81 
0419 i;> 01 t.0 lJ40t. 
04 ?.O LURAtwi SEQ SU ALtFLP 
04?0 µCllEC. F70l 
(\420 POlt.F C200 
0421 uJPSU AUtl·U.il-'ltkEP 
0421 POlFO FB~l 
0421 1->0l~ 1 f40E. 
0422 t.4Rf1 SI:. Off" f.LI~, WP T 
()42.2 ~OlF2 F902 
042? 1-'01F3 lAOO 
0423 t.RR4 St.~n CLRti:<f'.AU 
11423 PCJ1F4 FA02 
(14!'3 l->OlF5 lCOO 
04?.4 St<JF F cu~, PP 
04?4 POlF6 FnOi! 
il 4(!4 P01F7 ?400 
(14?5 Si: QSlJ !£RO, r1M~C:L~ t lf~(1 
114£'5 PO lf f-l i:co1 
04?!::> 1-'0 lF4 lAOO 
(i4l:h SHlrF lLPtTM 
114?6 '"'O lF A ~no?. 
(14 ';:'f. PO J Fl-< lAOO 
0<.+27 UJPFF 5t:T,CUtkR,CLR2 
11427 j..)O lFC H: H3 
(14?7 1-'0lf u OHO~ 
(14?.f<. NUPP 
042H 1-'fl ll- r rFOO 
(14t;'s.\ PO}FF 00() 0 
ft4?Y T~w S£<JSL.i f'A I R ""~ L U • l E:. i.<o (J Tt.~T MOL:!: wlH T t. 
1•4£'9 µ(1(>{1(1 on(} 1 
()4;>y PO?Ol ?400 
0430 St:.Q~u MlPtt<LLt~lX3F 
tl43U Pn?.02 0101 
0430 t->Oc'03 i',., 3F 

·f143 l SF.l..iFt- S~.TtTM 
1)431 i->0?04 0?03 
11431 i-> (J?. O 'i 1f-0 0 
0432 SEQFF StT.1u~T 
1)4~2 i:>o£-oo 0303 
1•432 j-l(\~07 l k()O 

0433 SH~Su Mlktl-'}tZEPO 
0433 PO?Ofi 0401 
0433 POt'Ott ~non 
0434 SE.l.l~l1 MlRtfLktHt.XC 
0434 P!leOA oc.;o 1 
f\434 PO?O~ 2?nC 
(143~ JA301 Jr.\t-'lSU XCOM~.ZfRU,RllNfe~L00~ 
0435 P(l2flC 06H~ 

0435 '"'Oenli 170~ 

<14 3r "J(IP._, 
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I DISK PAGE 20 DATE: U.J/OS/77 

043f- P020E 0700 
0436 P020F 0000 
0437 NOPJ.' 
0437 P0210 0800 
0437 P0211 0000 
0438 JM Pf Rlf.QRMtJ~.301 
0438 PC1212 095~ 
0438 P0213 0106 
(1439 UJP ERR ti 
0439 1'0214 OA80 

I 0439 P0215 OOF9 
0440 ALUO~ SE.QFF cu~, wRT 
0440 P0?.16 OA02 
(t44(J PO?l7 H~OO 

0441 TCOMP SE.Qtf CLR,µP 
0441 P0218 OC02 
0441 P0219 2400 
044? Sf:.QFF CL~, RE All 
0442 PO?lA 000?. 
0442 ~0218 !COO 
0443 UJPH SF.T, XFt.~, IOLE 
0443 POi?lC OEA3 
0443 1-10?10 OC06 
0444 kf:ED JMPHF' TSTtw\l.l,CU~,AllRFll1tJA3l l 
0444 1->0?lf: QfqA 
0444 l->02IF IIH l 
0445 JMPf- CUSEL•ILL 
044~ 1->0i?i?O 1040 
044~ .:>(1?21 oon.A 
044ti JA3ll JM Pf PROT,JA3le 
044f. ~Ci2l:'2 1120 
0446 1-10223 (j 113 
0447 t;f<,;;F F SET,PP 
('44 7 l->0224 1~03 
0447 P02t.'5 2400 
044~ JA3}2 JMPf- A7,JA3C'.l 
044fl f.'O??f. 1308 
U448 POi?27 0115 
0449 St-Qf-f SET, AfJRFl £1 
11444 j.J0?2~ 14'>3 
(1449 P02?.Q lAOO 
0450 JA321 JMPHF ~QtXlCtSf:.Tt~EPLY•* 
04~0 PO??A 15~7 

04~0 ~0('.28 011" 
04':>} Jl-\1-'T TSTMu.TMk 
[14~1 PO??C l69H 
fl45l P02?0 0119 
(J4~2 JMPTF F AOf-Ll.SET,HtAU,AOR 
04~? P(l?i?E l 7AF 

I 0452 ~Oc2F lOM. 
04~3 UJP Al>F l NI.I 
04~3 P0230 18~0 

I fi4~3 F--0?31 OOC3 
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DISK PAGE 21 DATE: U.j/05/77 I 
0454 TM~ St:QSIJ MIR, KLU' ZHIC Tt:.ST "4Q[lf:. Rt:AO 
0454 P023?. 1901 
0454 PG?33 2~00 
0455 StQSIJ MIPtf1LL•HtX3F 
0455 l-'OC:34 lAOl 
0455 ..,0?3~ 263F 
0456 SE:.C.ifF SET,Rf.AU 
0456 P023b 1R03 
0456 P0237 lCOO 
0457 St.CJ Su MIRthltZE:RO 
0457 P(l?3ts lCOl 
(1457 ..-o?39 2000 
045h ScOSU rwtIR,t-"LJ:C,Ht.XC 
04C\A P023A 1[101 
1145~ P023H C!?ClC 
0459 JA331 JMPT50 XCOMP,ZtRO,Rl!NC,JA33e 
11'+59 P023C 1 El:15 
f14~~ P0230 171.3 
11460 NOPP 
0460 PC1?3f:. lFCll• 
11460 P0?31- Q0(l(I 
fl4b 1 NOPP 
IJ46} i->(1240 2000 
04~} P0?4l on on 
f•4h? JM~F Plf.Qi·H'1,JA::S31 
,, 4f)?. i->0('42 21S~ 
046£-' i..>Q?.43 Ollt 
04f\3 UJP t::RRQ 
(i463 .... 0244 c.?~O 

n1+f.3 i->Oc45 0 OF A I 
ft 4 t-4 JA332 U..it->Ft- CLP, Tt.1, TC0,.1P 
li4f:l4 ._,Ol'4"'° ~3M~ 
(14 f:-14 i.>Or.47 }70(.. 

ll4f'=' "' H' t: T SE:. l.i SLJ .... I j:(. 1 Ml-I. Ht )I.,,. 
{14f-:~ !Jf,1?4R 2401 
•14h5 t='1·249 300A 
~4h6 UJP ~O#CUlll. 

. f14hh ~11?4A t>C..,~(I 

04ht- tJfle4t1 n 1 n 
'1467 kl-<t T Sf:CJSIJ M I R • T ~ ~ ' N I "' l-
ft 4fi1 t-'flc4C ttir. l 
04~7 i.- 0?.4tl 3004 
046~ 1-.UwCUr-ri JMPF~F TAGVAL•~ETeTAbU~T•JP34l 
(J4f:ih 1-'0r4t- 27,.-, 
ll46H P024f 1140 I fl469 St.lJFf CLRtTAt;,OUT 
(14f.9 Pti?~O C.H II(' 
04b4 ~0"51 l n c1 o 
r'470 St llf F StT•G...,iibO 
(J4 70 1-'0?!:-C' ?~03 

0470 '"'"?~3 2?00 
04 71 J•"1F-r Nt flHCt'_ • o 
04 71 ~'02">4 2ti.~0 

96761300 B C-21 



11ISK PAGE 2~ OATEI U~/05/77 

0471 P0255 012A 
0472 J"4PT CE,JOERS 
0472 P0256 2AA8 
0472 P0257 011+2 
0473 RESP6 JMPHF NEORc~.s~T.RtSP,• 
0473 P0258 2C83 
0473 P0259 13?C 
0474 SEQFf CLR1RESP 
0474 P025A 2002 
0474 t'025H 1200 
0475 JMPTFF ALARMtCLR•DMAGO,fRRX 
0475 POC:SC 2EHA 
0475 Po2c;o 2337 
0476 JMPT WJHFF ,JA3~1 
047f, P025E 2F90 
0476 t'025F 0143 
0•77 J~PT t-lLE07tUl:LY 
0477 P0260 3004 
0477 P0?.61 OlAC 
047R GOON SE USU Ml~·FLthONf 
047k P026? 3101 
(J4 7 t; P0?63 2201 
0479 SE.USO SRAM,RltZEkO 
0479 P02b4 3201 
0479 ~0265 t>OOO 
0480 JMPT H l 0 7, Cttt\t'tt.J 
0480 P02bh 339C 
0480 P02fJ7 OJ4f\ 
0481 St.(JSlJ ZE.ROeRllNCeZtRO 
0481 P(lL>t>8 3401 
()481 P0269 1600 
048? SEQ5D MIRtFLktHI:: XA 
0482 P02bA 3501 
048? P026A 220A 
O'+P. 3 UJP~O SPl tKAMtA[°COM 
04~3 t'0?6C 3~81 
0483 P02b0 54C7 
0484 ERRX JMIJT wRTFF.JA3bl 
04R4 P02bE 37QO 
0484 P02bF Ol3E 
(14f:.45 St.OSIJ MH~tHltHt.X)O 
04~5 P0?.70 3801 
0485 P0~7l 2010 
0486 JA431 NOPP 
048f. P0272 3900 
0486 P0273 0000 
0487 NOr-iP 
0487 P0274 3AOO 
04A7 P0275 0000 
04A8 ,JMt-Jf SD Rl07tZt~O,RJINC,JA43l 
0488 P(l276 3~10 
0488 t>JCl277 1739 
0489 Jt-\PT .XCO~P.CO,..PL 
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n ISt< PAGE 23 DATE: Uj/05177 

1)489 tJ0?7b 3CR4 
04f(9 P0?79 013F 
(14QQ UJP EHR7 
0490 P0?7A 3DRO 
0490 P0?7H OOC7 
04" 1 .JA3bl JMPF EMPTYtt.Rk7 
04Yl t>Clt?7C 3F3C 
0491 PC'27U 0 OF. 7 
0492 COMPL UJPH SET,XFERtf::.R~7 
(149? 1-'0('7£:. 3FA3 
0492 ~027F OCF7 
0493 JA341 JM Pf Cf.,ROWCOM 
0493 "'O?bO 40?~ 

ti 493 P02dl 0127 
0444 SECJFF CLPtTAuOUT 
tl494 PG2t:i2 4102 
(•494 ..,(li?k3 1000 
0495 1orn5 UJPfF StTtCUt:.RR,J.(f.SPf. 
0495 PO?A4 41?~3 

0495 P02b5 092C 
0496 J~351 JMPF E "1 PT Y , t70 O t" 
U4Y6 t->0?86 433C 
049b POt?A7 0131 
0497 IJONt J,.,Pf X.C0"'1f-'t ii-

0497 PCl?~A 4434 
(1497 P(l?b9 0144 
049b UJPff CLPtfULWRTtALUON 
049b l-'028A 4Si1~ 

ll'f.98 PO?~t-< 27\lf< 
()499 Ct·11< t-tO 5f::.QSL> MJR,i:;uhT,_o 
0499 P0?8C 46(\ 1 
04Y'1 P02f<.D t?20t:' 
0500 5f::.tJSO t.iiI~tkltfOU!-t 

0500 PO?t\f::. 4701 
0500 µ028F ~004 

n~o l JMPT PlFQRMt.J~371 

()~01 µO?CJO 4,_.0e 
O"'O l P0?9l 01 i:,~ 
Ot;O? St:.IJ~t> SF<A~t~l .Zt.1-10 
ot:-o? tJ0292 4Y0l 
O~O? £J(l293 blJOO 
(1':>01 SEQ~lJ 71:.RO,Ql ll\ile7E.Ro 
0503 ~0?94 4A01 
0"'03 i-'O C?Y5 lhOO 
0~04 StQSU SkltrO~tltk'O 
0')04 P(1 ;)(~h 4R01 
ll'->04 iJ(Jt'-11 ~200 
01.)0~ SE.cl Su M!QtrLRth~X~ 

!\SO"> P0?9H 4C01 
fl SO~ µ02~9 ~?.O 1-1 

fl506 st.1i1su S~} e l-IAM t lt !-<'(' 
(11:\()h ~O?C.A '+00 l ) 
oc; Of- ~02~"1 S400 

) 
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DISK PAGE 24 DATE: l)J/05/77 

0507 SEQ SU Mll-leFLRtTWO 
050.7 P029C 4E01 
0507 P029Ll 2202 
O'>OH SEtJSlJ S~l,RAMeZEP.O 
050f\ 1'02«iE 4F01 
050A f.'029f 5400 
n~oq SEQ SU MJRtTHRt~f.VFN 
OSOQ P02AO 5001 
QL:,O'i PO?Al 3007 
0~10 St.UH SE:TeTAbOUT 
O":'l 0 ~02P.2 5103 
0510 P02A3 1000 
O~ll St.QSU llllJP,~}.ti~XF{I 

oc, 11 .,(1?A4 5?(ll 
n-.;11 PQ~A~ 20F 0 
(IC, l? SE:.QSU MIRef LRtt1f.XC 
Ot..1£' P(>?Ab c;301 
U~l? P(l2A7 220( 
n~13 JA3f11 JMPt- TAC~VALtJl-\3t-? 

nc.13 P(1?A~ ~444 
,,c; 13 PO?A4 0167 
ui:,} 4 SEQFF CLFleT~"OUT 
(•~14 l..lfl?AA 5~02 
0&;,} 4 P02A1-4 1000 
nc, 1 ~ Jll383 JMPfSI) Nt.OHCl•2tkO,RlJNCtJA3b4 
O'jl~ µO?AC C,F-~l 

r.i::, 1 ~ µ(lC'tl£1 17hA 
ni::,Jf J,_.,PT Ct.JOtH~ 
nt,},., i.J(l?AE ~7A8 

p~ 1 ti !->O?AF 01~0 
nr,11 RE:.SIJ7 JMPlt- F NtO~Cl•SfT,RESPeo 
oi::,17 ,.JQ?l-<.(l ~Aµ3 

l)t; 17 Pfollt-1} 13':>~ 
ric:,u~ J~PTFF ALAR~.CLH·~~SP,~~R7 
fl':,]~ PO?~:q 5~HA 

n~ l f-1 P0?~3 l 2f 7 
(I~ 19 JMPT AliF LIJt Allk 

0~19 F-'0?1:14 5A~C 
pc; l G P(l?Hc; 01 f.f 
(1'-?0 SE!JSl1 MlRtfl~tHf.XA 
(j~20 1-'(i?~b ~t-10 l 
•l"'irO l.>021:-7 C'?.OA 
11sr.1 SH,iSu Ml'<tRMllltl'fkf· 
fl&;? 1 P02~r SCf'l 1 
(It;(' l IJO?HQ 3400 
or;?? UJP "DFIN11 
flC,{12 1-'0?HA ".>ll~O 

ni:.c? PO?Rb OOC3 
O~r3 .JA371 St.QSl.J 1.41q,Rl •lt-kO 
nst-3 PU?t-'(. 5E01 
O'i?3 P021-1D 2000 
Ot,?4 St.QSD M.{R,FL~·•·tt· xr 
fl t,?4 Pft?H~ 5Fnl 

• ·c-24 96761300 B 



Ol~K PAGE 25 lJATE: UJ/Oo.:,/77 

0524 P02F1F 220C 
052~ JA372 SE.050 lt:RO,PllNCtlERO 
0525 t>02CO 6001 
052~ ~02Cl 1600 
0526 NOPP 
0526 PO?C2 6100 
0526 P02C3 0000 
0~27 JMPF ~lt::URM.JA372 

ni:;n PO?C4 6?.5~ 
0':>27 P02C~ 0160 
OS2~ SEQ ff CLR,PP 
05?f1 P02C6 ti3oc 
O'i2~ P02C7 2400 
oc;29 SEQFf CLPtREAU 
05?9 i-'02C~ 640" 
052Ct PO?CY lCOO 
(l'i30 Sf:.l.IFf CLRtW~T 
0~30 i-'02CA b502 
0~30 PO?.CH lROU 
0531 UJPff SE.TttOCtllilf 
0531 µO?CC h6~3 

0531 PO?C[l OE Oh 
0532 JA382 JMPTSO CE.ZERu.~ll~C.cf3 
0532 POC'Ct 67A41 
0532 ., 0 2Cf- l76C 
'l!:-33 JMPF RlE<JRMtJ'-'3~1 
0533 PO('OO bk~~ 

nc;33 j)O?Dl 01~4 

c)~34 uJPFI- cu~. T AblJUT. r. PR!-1 
(IC,34 Pfl?t)? 69R? 
0:;34 ..,0203 l OF9 
f/C:,3~ JA384 JM Pf .:tlt.<.i~M,JA3f13 

053~ P('\c04 f>li5k 
"i; 3':> P0205 01 ':lb 
OC.,36 UJP E.1-<RM 
(,t,3f, µO?flf. brlHO 
ll".13~ µ0?.07 onF~ 

ci~37 cu SE.Giff CLRtTAbOUT 
(1':>37 ~O?OH or.02 
(l':J37 ~0?.04 l ,, 0 0 
0~3~ Iut.µ6 UJPt-f- SET• CUt.~P, i;f- SP7 
0~3f1 POeOA f-l.lr. 3 
oc.,3n PO(>Db oqc;~ 

r,i:,39 -.(·R Sf Q~U 1v11~,f-U<•Of'll- ~t.Au o~ wRITt Al 1f-' t-" It: Lu 
n53q µOeDC 6c·o 1 
oc;39 PO?iHJ 2?01 
0~40 Stt..SIJ t.i!Rtl-<Atll•Zt:.1-'C 
0'">40 ~O?DE bFOl 
0540 1->0?DF 3400 
(li;;4 l J,.:pf-' INut:x,41-
11'34 l P02f. 0 704C 
(i'l4 l POcf:. l 0170 
0~42 ALtRFP St.QSL> MIR.~0"'•"JI~1 t 
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DISK PAGF 26 lJATE.: 0.J/05/77 

0542 P02E2 7101 
0542 P02E3 3209 
0543 SEQSCJ MIRtFUhNINE 
0543 P02E4 7201 
0543 P(l2E5 220'1 
0544 JMPT WHTFF,JA40l 
0544 P02Eb 7390 
0544 P02E7 0185 
()')45 SEQSlJ MIR, Tt-«RtNll'.if 
(1545 PO?f.R 7401 
0545 P02Ef.J 3009 
0546 COMAD JMPf fF TAGVAL•SETtTAGOUTeJA411 
0546 P02EA 7547 
0546 P02EH 1187 
0547 SEQH Cl~tTAbOUT 
0547 f-'U?EC 7602 
0547 PO?fO 1000 
0546 Sf'.Qft= Sf TtO~AbO 
0548 P02EE 7703 
0548 P02EF 2200 
0549 J"'1PF NfORCEttt 
(1549 P02FO 7830 
pc:;49 fJ02Fl 017A 
OSSO JMPT CE:.tIOEk7 
05SO P02f2 79A8 
1)550 P02F3 01~9 
0'>51 RESPE< JMPTf F N~O~CEtSET,RESP,o 
0551 fJ02F4 7AH3 
0551 fJO?F5 1.37A 
osi:,2 SEQf F CLR.~ES._. 

05S2 P02Ft:> 7ROr 
0552 PflcF7 1200 
0553 J"4JJH F Al M~~, CL~, [1,.,A(:;O, f. f.-Q )( 
0553 P02F8 7C4A 
0553 P02FQ ?337 
0554 J~PT WRTFF,JA42l 
0554 P02f'A 7090 
0554 PO?Fl1 OlAA 
0555 JMPT ~LEOZtOE.LY 
0555 PO?FC 7E04 
0555 P02FD OlAC 
05Sf\ MORE JMPT Sf:CTOPt* 
('l')~b PO?FE. 7FC8 
(1~5ti P02FF 017F 
CC:.57 JMfJT I l'llDEX, (.;Hk.li(J 
[1557 P0300 80CC 
P557 P030l 0146 
[1 c;5~ SE.CJ Su t-tlRtFLR,oNE 
o~5P P0302 RlOl 
055R fJ0303 2?.01 
0~59 SEQ SU SRAMeRl tH.PO 
oi:;sq P0304 8201 
0559 P0305 &000 

• C-26 96761300 B 



OISt< PAGf t!.7 UATE: UJ/05/77 

O~flO St.Q$0 Zf:.ROt~llNLtZERCl 
OSbO P030t> 8301 
0~60 P0307 lhOO 
(l5bl IJJP5U SRl tRAMtA[H'<f P 
0!::>61 l-'Cl30~ 84Al 
O'ifll P0309 5571 
056? .JA40l srnsu MJR,T1:1Htt1E.X'4 
(1~62 P030A t4~1l l 
0562 P030H 300A 
1)5fl3 UJP COMAIJ 
05~3 P030C kM~O 
O~t-3 PC\300 017~ 
0564 JA4ll JM Pf Cf tCO~ALi 
Qc;;,f.4 F'030E. fi 1 ?fi 
(1')64 P030F 0175 
05nS SEQ Ff CU-ltTAGUUT 
O')h~ P03l0 RJ:IO?. 
(lC,65 P('Jll 1000 
(1~66 IOt.IH UJPH SET,cut.RF<,wtSPH 
111?66 P0312 8Qfi3 
OSt-6 P03l3 097A 
0~67 .JA42l Jt-1Pf E.MPTY,"'40Rt. 
0'jfl7 "'0314 AA3C 
0~67 l-'0315 017F 
l)~f-f( IJJ~ DO~E 
I) 'i fl ti t->0316 ~H~O 

ll5M~ l-'0317 0144 
fl~b4 r1t LY St USU 1v1IR,R1 , ht.XI U 
"'.:if.9 PP3lk ~CO,l 
f}~b~ P03lt1 2010 
(1 L, 7 (\ JMPf SO Rl07tltRO,PllNC,o 
P~7(\ lo> f' 3] A Hr> 1[1 

0~7(1 t-JCl3J B 1 7 "I() 
''~71 UJ._, LlOPl<E 
fl571 P(l31C Hf.~0 

057) P031D 0)44 ,,c, 1;; s..-E.c SE.(..SU ~ . .q R .~.l~, ht- XF 
(ii:,7(! POJ lE.. f1F01 
r•i; 7~ P031F 22UF 
11.:..1:-i SHI Su SRAt.1tFU"t7f'.RO 
0" 1 :-1 l-'0320 90(\ 1 
OS73 l-'0321 h200 
nc;74 SE.QSl.J Sl=IAM,PJ,zti::.io 
0~74 P0322 9101 
111":'74 P03?3 6000 
fl., 7'.:> UJPFF Sf.T,klTU"''l-tP 
tl"')75 1'0324 92~3 
ll...,7'-t rl03?5 2~0t 
(1 ~ 7 fi ~~CH~ JMPT tt"1PTY • JA?.31 
ll,76 P0326 Y3HC 
t)':l7f ~0327 oo~E 

O'i77 U.Jf-1 fo.1TM 
fl0:,77 Pfi32H 94fo0 
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I DISK PAGE 2k DATE: 0#05177 

I 0577 P0329 0080 
0578 CHt<HR JMPT E,_,PTY.TMW 
0578 P032A 95HC 
0578 P032H 0100 
057'l UJP NOTTM 
0579 P032C 9680 

I 0579 P0320 OOC2 
0580 AUTO SE.QFf CUhllMAGO 00000 AUTOLOAD .......... 
0580 P032E 9702 
0580 P032F 2200 
0581 SEQ SO ZE~O,L>"4ACLRtZE:.RO 
0581 1'0330 11801 
0581 P0331 lAOO 
0':182 Sf.:.QFt- cu~. wRT 
0582 io>0332 9902 
0582 1'0333 H~OO 
oc:,~3 SEQH CLR.REAO 
0583 t-10334 9A02 
nSli3 P0335 lCOO 
05f\4 • AUTSEL J~PFSO CUSEL,Zl~O,DMACLR,JA44l 
05ti4 P0336 91441 
0584 P0337 lf:COO 
0585 JMPTf F' AUTOL,SE.T.f;lJSY•* 
0585 PQ338 9COF 
oc;~s P0339 219C 
05flf, StQSU MlR,HOR•Ht)l7F 
O~Hf> P033A 9001 
0~~6 P033ti 327f-' 
01)87 UJPH SET• LPf L(.;, f L TCL 
0587 P033C 9E:.83 
0~87 P033D 15AA 
05Hb ORSEL SEQFF cu~.U'fLG 
058A PU33E YF02 
058b ..,033F 1400 
U~H9 SEQFF SET•ALtNA 
OSA9 P0340 A003 
0589 PQ341 lEOO 
t15~0 SE<JSli Zf:.~O,l-10R•ZE:.RO 
0590 P03'+2 AlOl 
05'.tO P0343 1200 
05'11 St.Qff CLR• Alf Ni-. 
0591 P0344 A2()2 
0591 i->0345 lEOO 
0592 SEC.l~U "41R.THR,TH~f 

0592 P0346 A30l 
OS92 P0347 3003 
0593 JA45l JMPFFF TA~VAL,SET,TAbOUT,JA45~ 
fl5~3 ..,0348 A447 
nc:,93 P0349 1101 
0'>94 JMPFFF N£0~CEtCLR•lAGOUT,o 
0594 Pf•34A A532 
0594 P034R llAS 
0595 Jll'-PT CE,RESP2 
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DISK PAGE 29 DATE: O,j/QS/77 I 
0595 P034C Ab AB 
0595 P0340 0067 
0596 JMPTFF NEORCE•SET•RESP•o 
0596 POJ4E A71:i3 
05Y6 PQ34F 13A7 
05Y7 SEUFF CL'hRESP 
0':>97 P0350 A802 
05~7 P0351 1200 
059d SEQ SO MIR•HOR•HEXFF 
0598 P0352 A<iOl 
0598 P0353 32Ff 
0599 FLTCL sEaso MIR,TBR.HEXC 
u5yq P0354 AAOl 
0599 P0355 JOUC 
0600 JA461 JM PF FF TAGVAL•SET•TAGOllTtJA4t>2 
Ot>OO P0356 Afj47 
0600 P0357 1103 
Ot>Ol JM PF FF NEOPCEtCLR•TAGOUT•* 
0601 P0358 AC32 
0601 P0359 llAC 
0602 JMPT CE..RESP2 
0602 P035A ADAf:I 
Ot>02 P035A 0067 
0603 JMPTFF ~£0RCE•SET•QESP,o 
0603 P03'>C AEH3 
0003 POJ50 l 3AI:. 
Ot.>04 JM PT FF LFLAG•CLQ•RE5P,DRSEL 
0604 P035E AF~b 

0604 P035F 1~9F 
OhO':) A.GA I"I SEQSI) "1lQ•Tt4R.EIGHT 
OoOS P03o0 bOOl 
0605 P03ol 30Ub 
0606 SE t~SD t-4IRtl10~,EIGtiT 
llt.>06 P0.162 HlOl 
0606 P0363 320b 
On07 JA~71 JMPFFF TAGVAL•<;ET•TAGOLJT,JA47i 
0607 POJ64 lj~47 

Ut>07 POJAS 1105 
0608 JM PF FF NEORCEtCLP•TAGOUT•* 
Ub08 P0366 rUJ2 
Ot>08 P0367 l lbJ 
Oo09 SEfl<;O BUS IN• R 1, Zf RO 
Ot>09 P0368 8401 
Oo09 P0369 0000 
OolO JMPT '1IE\/EN•~ESP2 
0610 P036A H5A4 
OhlO P0]6t1 0067 
Onll J"1PT CE•RE<;P? 
0611 P036C Ho A ti 
On 11 P03o0 0067 
0612 Jf.4PTFF NEOQCE•SETtRESP•o 
0612 P03oE b7l1:;, 
0612 P036F 13h7 

96761300 B C-29 



I OISK PAGE 30 ·DATE: O;j/05177 

0613 SEQFF cu~.QESP 
0613 P0370 8802 
0613 P0371 1200 
Ot>l4 SEQSO MIP,FLR•NlNE 
0614 P0372 8901 
0614 P0373 2209 
0615 SEQSO "4IR,QAM.HEX30 
0615 P0374 HAOl 
0615 P0375 3430 
Obl6 NOPP 
0616 P0376 8800 
0616 P0377 0000 
Ot>l7 J~PF RlEQRM,AGAJN 
0617 P0378 8C~8 
Obl7 P0379 0180 
0618 SEQSO MJR.TBR.SEVEN 
0618 P037A 8001 
Obl8 P037B 3007 
Obl9 SEQSO MHhHOR•ZEkO 
0619 P037C BEOl 
Obl9 P0370 3200 
0620 - JA4'1l JM PF FF TAGVAL•SET•TAGOUT,JA4~2 
Ob20 P037E HF47 
0620 P037F 1107 
0621 JM PF FF NEORCE•CLR•TAGOUT•* 
06cl P0380 C032 
Obcl P031il llCO 
Ob22 .JMPT CEtRESP2 
0622 P0382 Cl Ab 
0622 P0383 0067 
0623 JM PT FF NEORCE•5ET•RE~P•* 
0623 P0384 C2H3 
0623 P0385 13C2 
0624 SE:.UFF CLR•RESP 
0624 P0386 C302 
0624 P0387 lcOO 
0625 ~EQSO MJR,FLR.HtXA 
06c5 P0388 C40l 
0625 J>038q 220A 
0626 SEQSO MJR,RAM.7EH0 
0626 P038A C~Ol 
06?':> P03t:4A 3400 
0627 SE: lJSO MIR•FLR•HEXH 
0627 P03t:iC C601 
0627 P038r) 220h 
Oo2A SEQSO ~JJhRA~•ZE~O 
0628 P038E C701 
0628 P03~F .:i400 
0629 SEQSO MIR.CwAUU•ZERIJ 
0629 POJQO C80l 
0624 P03~1 2EOO 
Ob JO SUJSD MJR.CWAU•ZERO 
Ob30 P0392 C901 
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DISK PAGE 31 OATE: 0,j/05177 I 
0630 P0393 2COO 
0631 SEQ SO MIRtCWALtZEPO 
0631 P0394 CAOl 
0631 P0395 ~AOO 
0632 Sf QSO ~ Hh HLLh Fl VE 
0632 P03~f, CBUl 
0632 P0397 2d05 
0633 SEQ SO MIRtBLL•HEXFF 
0633 P0398 CCOl 
0633 POJ~9 26FF 
Ob34 SEQFF CUhXFER 
Ut>34 P039A coot 
0634 P039fi ocoo 
0635 SEtWF SETtPP 
0635 PO 39C CE 03 
0635 P03q0 c'+OO 
0636 UJPFF SET•REAO,AOFit-.JD 
0636 P0.34E CF83 
ObJ6 POJ~F lCCS 
Oo:H JA44l UJPFF SETtNEED.AUTSEL 
0637 POJAO 00b3 
0637 PO JA 1 UH~~ 
0638 JA452 J~PT Ct, CE2 
0638 P03A2 OlA8 
0638 P()3A 3 00b5 
063q UJP JA45l 
0639 P03A4 O?~O 
ObJ9 PO)AS 0 l A'+ 
Ub'+O JA41>2 JMPT CE.. CE 2 
0h40 P03A6 03A8 
Ot:>40 PO 3A 7 0065 
0641 lJ.JP JA46l 
0641 P03A8 041:10 
Uo41 POJA9 UlAH 
Uh42 JA472 JMPT CE• Ct: 2 
06'+2 POJAA O!:>Ab 
0642 POJAl-4 OOt>S 
Of,43 UJP JA4 71 
Uh43 P03AC OntH1 
0643 P03AO Ulb~ 
0644 JA4Y2 JMPT Ct:.CE2 
0t>'+4 P03AE U7Afi 
Ob44 POJAF UUoS 
ll645 UJJ.' JA4~1 

U64S P0380 UHdU 
Ot>4'; P031il Ul~F 
064fi NOPP 
0646 POJHi? D9Uu 
11646 pl)]ri.3 ouou 
0647 t\JOPP 
0647 P0:1H4 OAOu 
0647 POJ>i5 0000 
0648 f\il)PP 
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I DlSK PAGE 32 l>ATE: U:J/05/77 

Ot>4ti P0386 0~00 
0648 Pf)3Fi7 0000 
0649 NOPP 
Oblt9 POJBB ocoo 
0649 P03~Q 0000 
0650 NOPP 
0&50 P038A 0000 
0650 P03BR 0000 
Ob~l NOPP 
Ot>~l POJBC Q__EOO 
Ob'::>l P03BO 0000 
06~2 NOPP 
0652 P03BE DFOO 
Ot>S2 P038F 0000 
06'::>3 000000000000000000000000000000000000000000000000000000000000 

0654 0 0 

Oo55 0 T~A~5FOR~ JU~P TA~LE 0 

Ob!:°>b 0 0 

0657 000000000000000000000000000000000000000000000000000000000000 

0658 0 

06~9 HIGl-i UJP SPEC SPECIAL FOP TESTI~G 
0659 P03CO EObO 
06!;;9 P03Cl OlbF 
Oot>O lJJP PHYS PHYSICAL UNIT NU~8ER 
ObbO P03C2 1::180 
UboO P03C3 0030 
Ohbl UJPFF SET•RlTOA•REP POLL STATUS 
OM> 1 P03C4 l2~3 
Oobl P03C5 c~Oi 
Otib2 UJPFF SET.~lTOA•REP SEL ACK STATUS 
Obb2 P03C6 E383 
06b2 P03C7 280E:. 
06t:>3 UJPFF Sf.l•RlTOA•REP Ot<IVE ECHO INPUT 
0fih3 P03C8 £483 
0hfl3 P03C9 280E 
Oo64 U.JP CYLST CYL ADDR STATUS 
Obb4 P03CA E.!:>80 
Oo64 P03CA 003'1 
066S UJP css CU~RENT SECTO~ STATUS 
0665 P03CC E680 
06fi5 P03CO 0020 
Oob6 UJP SE CST SECTOR AND HEAD STATUS 
0666 POJCE E780 
0666 P03CF 0030 
0667 UJPFJ:" CLR.Ausv.wAIT OA STATUS 
Ooti7 P03DO E8d2 
06o7 P03Dl 200( 
Ob68 U.JP DRST2 URIVE STATUS 2 
Ot>68 P0302 E9ti0 
0668 P03L>3 0036 
066q UJP PATT ECC PATTERN 
Oo69 P03D4 EAtW 
0669 P0305 0029 

C-32 96761300 B 



DISK PAGE 3J DATE: IJ.J/05177 I 

0670 UJP COND E~l:. CONDITIONS 
0670 Pt\306 EB80 
0670 P0307 0020 
0671 UJP OFS l)H.lVE FAULT STATUS 
0671 ?0308 EC80 
Oh7l P03D9 002H 
0672 UJP CUSTA cu STATUS 
0672 fJ03DA EDBO 
0672 P030R 0032 
Oo73 UJP IJRSTl UklV.E STATUS 
11673 P030C EEAO 
0673 P03DO 0034 
0674 UJPFF SET,RllOA.REP cu ECl-iU INPUT 
(Jb74 l-'0301:: £FH3 
0674 P030F 280E 
11675 UJPSL> AU•liLU,kUFFL St.T HUFfE:.R LE.NG TH 
()f, 7? P03F.O f 0Fi1 
067S P03El EA42 
Oh76 UJP~U Cl, TMR, CUO._, UH!Vt.. ~t-.QUEST 
Oh7h P03c2 FlA l 
0676 P03E:.3 HOlO 
Of.77 UJPSU Q,T!iR,POLL !NLTlATF. POLL 
0677 P03E.4 F2~1 
Of-77 P03t.~ bOA4 
Oh7ti UJPSU I), TR~• St:L U•"l T SELF. CT 
tlf.78 t'OJE.h F3Hl 
Oh7A P03E7 l:HJ44 
QA79 lJJPSD Q, TtH~, Dt.CHCJ lJt'H VE: F.:CHO OUTPUT 
t1n79 P03El:1 F4Hl 
Oh1~ P03Eq 80'4 7 
0680 UJP SEEK LO~() CYL AUlhH.SS 
(l6ts0 P03EA FC:,AO 
0680 P03E H 1)049 
(lf:,81 UJP FORMAT fUl-<MAT WR ITt: 
11681 P03EC F6AO 
Ohbl P03EO 007F 
ilhH2 UJPSO Q,T1_:tR,SEC Lll~O SF.:C Al\IU t-11:.Ali ADO~ 

· Oh82 P03t-.E F7Al 
Ohf:!? l-'03f-.F ~OAO 

(lf,83 UJP WA IT Oh~t::CTOR FUNCTION 
OhA3 IJ03FO FRAO 
(l til:3 3 l->03F l oonc 
0684 UJPFf CLReXFt.ktktFO Rt.,..l) FRO~ UlSK 
Of\~4 P03F2 Fq8~ 
Oh84 P03F3 onoF 
06>1~ UJPFJ-' CLR, Xfl:.P, w~ I TE wtH TE. TO DISK 
nt-.H5 P03f4 FA~2 
(16f'.l5 l-'03F~ IJCRC I Of.E'6 UJPSU UtTt:iR,CUOP t:~l. COl'IJTROL 
<'hb6 P03fo H·IHl 
0686 P03F7 rj 01 (\ 
llt-117 UJP RC ONT Rt.kO RF:C..OV/STATUS CNTL 
liMH1 P03Ff1 ~CRO 
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I DISK PAGE J4 DATE: 03/05177 

0687 P03F9 OOA9 
0688 UJPSD AUtCWAUt5FWAL St. T FWA LOWER 
0688 P03FA f 081 
0688 P03FB EC41 
0689 UJPSO AL,CWAlJU,SFWAU St.T FWA UPPER 
0689 P03FC FE8l 

I Of.1R9 P03FD CEF4 
0690 UJPSD Q,T8RtCUOP cu ECHO OUTPUT 
Oh90 P03Ff FF81 
0690 P03FF BOlO 
0691 • 
0692 • 
0693 • 
06"4 • 
069~ END 

~G~= 0400 ( 1024) COM = 0000 <' ) DAT = 0000 ( U) 
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DISK PAGE 3':> llATfl U.S/05/17 

~ D U I V A L E ,.. C E S 

-----------------------
DE.F .Ll"'E NAME VALUE RHERtNCt::O AT lJNt NUMtiER 

0000 I OOFF (000.!55) 
0053 EtUSIN 0000 (000000) 0197• 021H•t Ot!09 
0054 Ml? 0001 (000001) 017•· 017!" 01920 Ol~J, Vcll• Ot-12• 021 .. 1 02lt>1 uclb1 02l'il1 OiUl1 OccJ1 02251 02271 02ct11 02Ju 

0<'321 02341 Oi?36 1 0247, UC501 U2521 02551 Ul5b1 Oii:b31 026 .. 1 U21i21 021:131 02861 0301, 0302, 030::i 
030b1 03091 03101 03111 u.sl21 03lbt OJlbt 032lt 0333, 03J!>1 0337, 033'JI, 0342, 0345, OJ::i01 0351 
03!>21 0353t OJ~4, 03::i::i1 U.S!>bt 0357, 0359, OJbllt 03b'llt OJ7Ut 0371, 0313, 0374, OJ75, 037bt 031' 
0385, 03b7t 03901 039lt 0.S951 0409, 04111 0415, 01tlt11 0429, 0430, o .. 331 0434, 0454, 04551 04Sf 
04!>8, 04651 04b7, 04 lilt u .. u21 04d5t 04'il9t 0500, U505t uso7, 05091 05111 0!>121 O::i20o O!>il:l t 05.!J 
0521tt 0539, 0~40. 051tc• U:>431 0!>4::it 0!>5b1 05t>2t U5t>91 057c1 051:16, 0!>9c1 0!>98, 0591,1, 060!>t 0606 
Obl4t Obl5t Ob lilt Obl91 llb251 Oblf>1 Ob27t 0621l1 Ub291 Ob30t 0631, ObJc1 ObJ3 

0055 SRl 0002 (000002) 0322t 03971 04lb1 04HJ, U:>04t U506t 05Ub1 OS bl 
0056 SRAM 0003 (0000031 0231• 02351 02b5, 03171 U.Sllb1 U39lt U39b1 04101 (J479t 01:>02, 0!>59, 0573, 0574 
0057 SFLR 0004 (0000041 039t4 
0058 ti 0005 (0000051 02171 Oblbt 0677, 06711, Ub7\11 llbll2t 06bbt Ob90 
0059 AL 0006 I00000b) 01111,1, 023t>t 0239, 02 .. a. UC7'1t 0334, 033bt 034bt 01tl'1t Olt20t Obli\I 
0060 AU 0007 10000071 0249, 0251• 0338, 0340t IJ.S4l t 03431 03601 04211 Ob751 06bll 
0066 Rl 0000 10000001 0192t 0197t 023lt 02J::it UC55t Oct121 021i61 02btlt 0305• 0311 t 0317, 03 .. 3, 031ibt 039lt UJ9bt 0410 

0433t Olt57t O.r.79, 041i5t U:>OOt 0!:>02t 05111 0523, 055\le 05b9e 0574, Ob09 
0067 FLR 0001 1000001) 017•. 0193t 0230t 02.s2. u.:3.r., 023bt 02 .. 71 02!>01 OC:5bt 0264t 0283, 030b1 0309, 03121 03lbt 031!:1 

0321• 0333, 0335, 0337, U.S39t 03421 03501 0352t 035,., 035be OJbtlt 0370t 0373t 037bt 0311!>1 03117 
03901 039?t 0395, 03971 u .. 0.,,1 04111 04151 04lb1 04il:Ot 04341 0458, 01t71h 01t82t Olt99t 050!>, 0501 
0512· 0520t 0524, 0539t U::i<t3t 0558, 0572• 0!>73, Ob ht Ob25t Ot-27 

0068 !:!LL 0003 10000031 0239t 0430t 0455, ObJ3 
0069 BLU 0004 1000004) 04291 0454t 0632. Ob75 
0070 CWAL 0005 (000005) 0238t Ob3l 
0071 CWAU 0006 (0000061 Ob30t 068fl 
0072 ClilAUU 0007 10000071 0629t Ob89 
0073 T8R 0008 1000008) 0212. 0211. 0219, 022tl, Uc5co 026lt 03Ult 034!>1 03591 0375, 04651 04b71 05091 0545t O::ibct 0!>\12 

05991 0605• 01>l8t Oo7b1 Ub771 Ob7dt 067't1 06tl21 Obbbt Ot><JO 
0074 BOR 0009 1000009) Olf!9t 0211 t 02141 02101 Uclb1 02210 02C:3e 02c~1 OC:27t 0249, Ucb!>o Oi:'.7'1t o.so21 0341' OJ4b1 031>0 

0377• 0398, 0504t 05420 U:>86t 0~90t 0591h 060bt Obl'I 
0075 RAM OOOA 1000010) n11s, 024&, O?!'llt 03101 u.sc:21 033•h OJ3bt 03Jtl, 03 .. 01 OJ5lt 03531 035!>1 03571 03690 OJll 1 03 h 

04lbt 0419t 0421· 04d3t U:>061 OSOth O!>cl1 05•01 05bl• Obl5t 06261 06.:b 
0076 RllNC OOOB 10000111 OlQ6t 0203t 0259t 02b7t U.:tH1 02~3. 0313• 03.?0t 03231 0414• 043!'11 Olt~9t 041Ht 04&8, 05031 051!> 

0525• 0532• 0560t 0!>70 
0077 ~LDEC oooc 10000121 0240 
007b 0"4ACLR 0000 10000131 Ol7b1 Ol7&o 01t06t 04251 U:>Slt 0584 
0081t REPLY 0000 (0000001 011!71 02530 0?.80t 03031 U.S4'11 03b5t 04~0 
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lllSI' PAGI:. lf. IJATt.: 11.J/IJ.,/7 I 

Mt-:JFCT 0001 10000011 OlHJ 
CUflJR 0004 100000 .. 1 Olflbo 021 llo OC-71, Oc "'"• UC'#'lo 0.'9i!f>o 03.JI'• O•U.Jo Oltc7o o .. IJ!:lo 0!:13Ho O!:>bb 
N[fll 000!:1 10000051 02430 Ot>37 
)\Ff~ OOOf> 10000061 0330• 04430 04'1i't OflJ .. o UOtl•o Oht!5 
EOC 0007 10000071 0'5Jl 
TAGOlJT OOOR 100000141 01910 Ol95o OO!O!>, Oi!09o Uol:!:l•t Oic5dt Oc"IJ' Oc7•• O~blt 02l'!:lo Oc!'J!:lt 030•· OJOltt 03i!!>t 037'1, UJdll 

0401'• O•E-f<t O•t-IJo 0494• U:>lOt 0514• 053 .. o O:>J7o 0:>4t>t 0:>•7o USb!:lt 05'1;,. oi,9 .. , 0600• Oblllt Ot>07 
Ot-OHo 06i'Oo Ot-21 

MESP OOOIJ 10000091 Oc!OOt O?O?o 07.Ho 026co Uc 7ht U.i:77o 02.,,l o 0~'12t U3Cho 03il:'#o 03t1Jt Ci3b .. o 04730 04740 0!>17t 11510 
05510 0!:>~2o 059bo 05'#7o uou:J, Ot>O•• Ob lie• OttlJo Obt'3o 01Jc!4 

Lt-FL<> OOOA 10000101 nee.to. Ol70t ut-7!>, OJ5t>t U:>o7t O:>dfl 
T.,. OOOlt 1000011) 04?6o 043lt 04f>4 
w .. T oooc 10000121 0367· 0404t 0422. 043c!o O't40t 053Ut O!:it-C: 
AORFLO 0000 10000131 03filt 03fi4t 0372t 03.,,.,,o 11 ...... ' 0•4"' 
RE.AO OOOE ·10000141 040!:>t 0423t 044?.t 04!:>c!t U4!:1bt 0!:>2'1t OShJt 063b 
ALEP-1h OOOF 10000151 05&1Jt O!:>IJl 
IHJSY 0010 10000161 . 017'h Olhi't O!:it-5, 06b7 
UMAGO 0011 10000171 0470• 0475. 054ttt 05!>3t ll:>tsO 
pp 0012 COOOOIRI 04070 04240 04•lo o .... 7 o 11:>4'14. OtiJ!:> 
FUL-.RT 0013 10000191 0177• Oltilt 049& 
HITOA 0014 10000201 OllHh 0201. 0!:175. 06t>lo Obti2o 06tt3o U671t 
RlMSH OOlb 10000221 03ft'Jo 03Ci4t (lltOtt 
AQEXEC 0001 10000011 0171Jo 01~3. OlflS, 01111. o.i:5.J. 02130t 031•Jt OJ41Je 036!:>• U•!:IO 
A7 0002 10000021 0244t 0347t 0363, 01tl7• 11 .... d 
AO FLO 0003 10000031 03670 04!:12t 051'1 
WIUFF 0004 10000041 039Yt 047be 04840 054•• U:>!;i4 
LFLAG 0005 10000051 0262• 0604 
TSTl40 0006 10000061 044 ... 0451 
Rl07 0007 10000071 041!0• 048flt 0570 
PROT 0008 10000081 0446 
t!IEVE~ 0009 10000091 019110 Oic .. 9• Ot-10 
CE. OOOA 10000101 Ol99e OcC3o C•2b0t 02t.7. o.i:90, Oi.'IJ3t o3c3e 03c!7e O..'Stlct 0"0lt 047lt 04\,3. 0516, 0!:>32t O!:>!:>Ot 0!>64 

059!:1t 06020 Oflllt ,Obll• Ub3bt llt>40t Ob .... o Ot-"4 
NE OR Ct. oooc 10000121 0196• OcOOt 02!>9, 02610 UC7be 1121S7t Oi!CJI • Cl314t oJitto 03tllt 03ti3e 0471· 0•73o 0!:11!>1 u!:ll 1, O!:l•'il 

05~lt 051J4e 05Cilbo ObOlo uao3, Ob Odo 0612• oe.21, Ob2J 
XCOMP 0000 10000131 0435, 0459t (16(1Cj, 04'17 
ALAR"' 000[ IOU00141 0329• 03l<•• 04750 05llh U:>53 
EMPTY OOOF 10000151 04111' 04Ciflt 05fi7t OS76o U:>71S 
CUSEL 0010 IOOOOlt>I 0190t 02•lt 024f.o 027cso U..100t 03•1St UJt<~• o .. 4!:1o OSh• 
TAGVAL 0011 10000171 OlCi4e 0257, 021."4, 03070 U..171Jo 04b1Se 0~1;,, OS•t>t 0!:193• 060Ut 0607, 06~0 
SECT Of.I 0012 100001&1 037th O!:ISf. 
lNClEX 0013 10000191 0541• 0557 
RLEOZ 0015 10000211 Olt>lt 0366t 0477, 05!)!:1 
RIFQJ/14 0016 1•0000221 02040 0207• 02bflt 02720 Uol:'l4t 02970 03 l~>t 03.l9t 03c! ... 03•4• 031Sl!t OJ't3o 01tl3e o .. 3fl• U•bc t 0501 

0527• 0!:133t 0535. 0617 
AUTOL 0017 IOOOOi.'31 OlttOo 05&5 
CLR 0000 10000001 0177• 01790 0111u, 0 I '#!:It u.i:oz, OcO!:>t Oicl•C,,e 02!>11t oc6lo 026't• 0210. Oc! 7"' Oc7'>t Oi17t Oi!lf!:>t Oi!"l 

02't5t 030f:lt 03?!:1, Oli9• O.J6lt llJtlOo 113!1"• 03'#4, 03.,, ... o•OiL'o 0•04t 0405, 0407t o•oe. 04c!c!t o .. iJ 
04i?•o 042be O••Ot 0441• "" .. 2• 04 .. 4o 046•• 04CI°"• oOi7•o 0•75e 04'il•· 04CJlu 0514• O!:llt" 05itlt 05i~ 
1)530t 0534• 0537, O!:l<t7 t u:i52, U553t 05b!:>t O!:>ISOt O!:>oce OSISJt OSObe O!:l'illo 0~94, 0!:1Ci7t Ut>Olt 06U .. 
060tlt 06l3t Ofill t 062 ... OtJ34t Ot>67o 06t' .. t 0f!8!:1 

SET 0001 10000011 Olttl • Olfl2t 1!11!3, Oltt7o Ulfillo 0200. 02111' 02060 llclOt 0243e U2!:>3o 02!:1 ... o2ttle Oct-be uicll • OClb 
021SOt Oii:tll e 02CJlo 0296t Uo1:'#9t 113113• "0311•• OJ2bt o3c~o OJJo, 11332· 03•"-o U35fs, OJf,4, O;jb:>1 U31JI 
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DJS!\ PA bf 37 DATES U.J/0';;/77 

037?.. 0379, 0383, 03tl"• U .. 03o 0427, 043lt 0432, 0443• 0447, 0449, 04!>0, 04'>2• 04!>b, 04blt, 0470 
04730 04920 0495, 05100 U!>l7o O!>Jlo 0';;3bo 05460 0!>4b• 0!>51• 0566, 057!>t 0585, U!>b7t O!>t19t O!>'iJ 
059t,, ObOO, Of.OJ, Ob07o Ubl2t 0620• Obi:;,, 063';;, 063b• '0637, Ob6lt Ob62t 06f>3. 0674 

014? ZERO 0000 10000001 Ol 7!.1, Ol7b• 0 l 7t-, Ol7d, U17do () 1 tl'ilo OlC,.bt 01'17, ocuJ, 0211' 02lb• 02.Jl• 02350 0239, 0240, 02'ttl 
02•"• 0251• 0?59, U?b!.>o UC:f>7 o on9, Ocb7, 02tlb, Oc93o 030co 03llo 0313, 0313, 0317, 0320, u3cu 
0323• 0334, 0336, 03.Jb, U.J40, 0343, OJ4b• OJ!>l1 035J1 03551 0357, 03bb1 OJ~l• 039!>1 039b1 03'11 
0406• 0406, 0410, 0414· u,.14, 0425. 0425. 042"• 04331 043!>1 0454, 0457 I 0459, 0479, 04tll1 04t1l 
04tld• 0502• 01;;03, 0503. U!>O•, 0!>06• O!>Otto 051!>• O!>cl1 0!>23. 0!>2!>1 0!)2!>, 0!>32o 0!>40o O!>!>Y1 O!>bO 
0560, 0570, 0!>73, 0574, U:>tll o 05tll1 05t14t 0590, 0!>90• 06090 06190 06cb, U621h 062fil1 0630, 06.Jl 

0143 ONf 0001 10000011 0214• 0225, 023fl, 0333, U.J5bo 03blh 03'10• 047b1 0!>39• 0558 
0 l'-4 TWO 0002 100000?1 02l8t occ3• 023'-o 03371 U.J~Ot 0370t 031i5t 049filt u!>u7 
0145 THRE 0003 10000031 02321 0247t 02b4t 03!>2t U!>92 
0146 FOUR 0004 10000041 0212, 0221. 0230, 02!>0o U.J54 0 0500 
0147 FJVE 0005 10000051 0263• 0632 
0148 SIX 0006 10000061 0252 
0149 SEVEN 0007 10000071 0509t 06ll1 
0150 EIGHT 0008 10000081 02271 0228t 0376, 060!>t 'UbOb 
0151 NINE 0009 10000091 0375t 03771 04671 05421 0!>43t 0545• 0614 
0152 HEU OOOA (0000101 0335• 0392, Oio65, 04t12t U!>i!Ot 0562t 06c!> 
0153 HEXB 0008 10000111 02191 0339t 0387, 050!>t Ub27 
0154 HEXC oooc 10000121 0174, 0193, 0256, Oc"3' U.JObt 0312t 03lt!t OJ'-2• 03•5· 0411 t 0434, 045bt 0!>12. 0524, 059'1 
0155 HEXD 0000 10000131 0309. 03lb• 032lt 03!>9 
0156 HEXE OOOE 10000141 030lt 03731 04091 041!.1 
0157 HEXF OOOF (0000151 0418• 0572 
0158 HEXlO 0010 10000161 0485, 0569 
0159 HEX30 0030 (0000481 0615 
0160 HEX3C 003C (0000601 0310 
0161 HEX3F 003F (0000631 0430• 0455 
0162 HEX40 0040 1000064) 039A 
0163 HEX5F 005F 1000095) 02tlb 
0164 HEX7F 007F 1000127) 0374, 05A6 
0165 HEXFO OOFO 10002401 0192, 0255t Ot'82t 0305• U:>l l 
0166 HEXFF OOFF (0002551 0369, 03711 05'il8, 0633 
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l)JSK PA<;F. 3., DATE: U.l/OS/77 

s y .. H 0 L s 

-------------
UH.LI,.E lllAMf AODAlSS ~HEPl:lllCtO H Ll~•f. lllUMdt.R 

0173 v nooo 0173, 0174· Oil!:>o 0 l 7b. 0177, Ollfh 0170,,, Ol7'il, 01110, OlHOo 0 lb}, Ola lo !JlH2, Olb?, 0111..i, ll lH..i 
0111 ... 01!«., 0111 ... OJI!!:>• Ult!b• Ult!bt Ult!7• 01a1, O}IH" DlHt-• 01H9o OlCJOo <i19o, Ol'il• 0192, 0 l '1.l 
OlY41 OlY•o (1)4<;, Ol"lt>1 ulYf>, 0197, Ol"t<• 01 'ild, Ul Y'ilt Ol'il'I, Oi:'IJO, 0200. 02011 O?Oi'1 u"o<::, Ucll..i 
02UJ1 o.co ... o;.o4. O.?O!:>, ""Obo Ol'Obt 021J7 t 0201. UcOllt 020bt UC::O'il, 0210. UclO• Odl1 o.clc1 O.dJ 
02131 021 .. 1 n;-1!:>, Oc 1:>1 uclf., UL'} 7 t Ol.'17, 021t1, Ocl9t 0220. 0220, 02.::1, 1J22l, o;:n, (1223, Oll .. 
022 .. 1 Oci:'.!:>1 Ol'i:'b, 02lb. Oc c7, Occb• Oci:.,., Oi?c:CJe U230t 0231' 02J2, 02J3, 0233, 023 .. , OcJ!:>1 02Jb 
0?37. n<-371 Oi'3A 1 Ol3tl, Uc39o ll240t 0240, 02•1· 02•1• 024<::1 024t, 0243, 0"431 0244, OL',.,.1 Oc4::> 
Oc4C.• 024f., 0? .. 61 024 7. "''""I Ot'491 Oc!:>Ot 02!:>h 02!:><'.t 02!:>3t 02SJ, 02!:>4. OC'!:>!:>1 02~61 0<::>7 I UcS7 
0?..,~1 occ;Y, llt'5Y 1 Ul't>O 1 U<::t,O o 02611 02blt 02f>21 Oef>c1 Ocf>3o O?b .. 1 Ocb!:>1 Oct>b, Ocbb1 Ot!b11 Oct>7 
02t>k1 02f>A1 O?t-9 0 0210. Uc7J1 OL'7J I 027t:• 02721 Uc:73t 02731 0<:74. 021 ... Oc7!:>t 0275, Oi:'7b1 Ocfb 
0?77, 0<'77, o&nH, 021 .. , ut!.79, OctlO, oct-u, O?bl1 !JlHit'1 02t13, 02H•, O?t1 .. , Oc85, 0.?t:b. Locti7, 021!7 
OcHI:' t 0<.'l'Yt O?A9, OC'YU' Uc:YO o Oc91• Oc"-1 • Oc'ilc1 Ut:.,_2, 0293, Oc931 02'1 ... 02'1'"1 02951 UC'Yb1 Oi:'Yb 
0?97, Oi:97t O?Ytl, Ot''ill 1 UC:YY, Ut'9"i, 03ll1J, 0300, 030lt 03021 0303, 03030 OJO•, 030!:>, 03Ub1 0307 
0307, 030ll• 030Y, U3)Uo U.J} l t C•3 lc• (tJ l.:i. 031 ... (l,j 1 ... 0315• 0315, 03lbo 0317, OJlt!o 031'11 0319 
03201 0321· 113<-l. o32c, l.r.J23, 03C:3t oJc•• 0.324, UJi:!:>, uJct>, U3lb, 03t7, lJJ27. (JJt:&. 032!!, 032"i 
03c'lt 0330t 0331, 03JJ, IJJ32• 03321 033..i• 0334t OJ35t 03.lbo 0337, 03.ldo 033(,11 0340• 03"1 • 03 .. l 
03 .. 2. U343t ,,3,.4, 03 .... ' lJ.J4~. 03 .. t>, 0347, 0347, 03 .. t1• 034bt 0349, 03•9· 0350, 035lt oJ::.21 U3:>3 
0354t 035!:1, 03':>b, U3!:>7, UJ5tlt 035th OJ!:>f,lo 03b0• llJbO• UJf>l• 03blt 03b2• 03fii2'1 03f>3t !l.Jb..i1 OJb" 
036!:>• 03"!:>· 03bb, 03t>b, UJh7t lJ3b71 03bt1t 03b9, 0370t 03711 03720 0373. 0374, 0375, n37t>, 0377 
03 7tl. 037Ht 1137'10 IJ379, UJllO, 03dl• OJ1' l • 03tUt OJb.?• 03113, 0Jt!31 03b4• (J,jf:l ... lJ31':>. U.Jbb, Qjri ( 

03bh 03kt!1 03H9 9 03900 UJ9J o 03921 039.lt 0393, OJY4t 039!:>1 039f>, 0397, ~39H, G.J9Y, 0:1 ...... , oi.uu 
040(1 o 0 .. Cl l • 0401. 04Uc, U<+03, U<t03o 01t04t 0405, UloOb• 0407. 0407, 040111 040"i, 0 .. 1 0. 0411· 04 lt!. 
0413· 0413· 04140 0415. U<+ )t>, 04 Jt>, a .. 11, 0417, O•lb• u .. 19, 0 .. 19, 0420, 0 .. 21. 04? I• 04c21 0423 
04c4 • 0425 I 04C'h. 04"7. 0<+27, 0•2Ht 04C' .... o .. Jo, u .. 31• 0432t 04331 04-'" 0 o .. 35o 04JC:,. Ot.Jb, o,.J7 
043 ... 04311. 0439, 04J';, u .. 40, 044), o .. 4i?, Oitlo3o 04•31 u ...... I 0444, 0•4!:>o 0<+45, (J44b, 04 .. "• Q44 7 
04411• o .. 41'' 0449, 04:>0. U<+!:>O o 0451• o .. 51• 04521 U4!:>2t 011!:1..i• o .. !:iJo u .. !:>4, o .. 5s, 04'>b• 04:> 7, l.14:>0 
04'>9• o .. !:19, 04h0' 04bl, u .. t>2o U4b2o 04b3t t.:•b3, (14b ... 04b ... 0465, 04bbt 04t>b 9 ll4b7, 04t>f:!. O<+t>d 
04f>Yo 0470, 0411. 047), u .. 12, 0412. Olt7..i1 047:;,, 0 .. 1 ... 0 .. 75, 04 75. 01t7t>, u .. 7bo 0477, U4 71, 04 7., 
0 .. 711, 04t!U, 04t10. 04'1) t U'+b2t 041:l3. (141!3, 04t1•1 041:1lot o .. b5, 04hb, 04117, 04Hth 0"""'0 O<+b'1, 0 .. ll.,, 
o .. 90o 04QQ, 0491. 0491 o U<+'<c o UltY2• 04'<3• 0493, Ult'lltt 04Cj!:>o 0495, U4Yb, 04Qb, 049 7' U4'11, U<t91l 
049Ht O,.QG1 05000 O!:>O l, V:>Ol; 0::.02. O!>U31 0!:>04. 0505t o::.ob, 05070 IJ!:>Oll, 0!:>09, O!:>!O, O!:;) l 1 0512 
0513• O!:>IJ, 051<+ 0 QC:,}:>, U:.>15, l.1511>• 05lf'>t 0517, oc:,17, O:>lll, O::>lll, 0!:>) 9, O!:> 19, 0520. U!:>" I, 0522 
05??, O!>t-3' PS.i:'.4, IJ!:>2!:>, u:>cbo O!:>c7, O!:>i:'7, O:>i::IS. t15c9o o::.3o 1 o5Jl, 05JJ, 0!:13?.t 0!:>3t't li5JJ, li53J 
0!:134• 0534t 053!:>, 0!:>3:>1 U:>J" t (JC:,Jt ... 0!:137. 053b• 05Jll1 05J9, 0!:140' 0!>41· 0!:>41 • 0!>42• 0!:>43, U!:> .... 
0544• 0545, O!:i .. b, 05 .. 6, u::>4 7, 05 .. ll. 0:>4 ... , 054'1, 05!'.>0. 0550t O!:>:>l, 0!:>51, O!:>S2, 0!:>53' 0!:>5.J, \l5::> .. 
05!:>4• 0!>5':>t 05!:>!:>, 0!:>!:>6, ll:>5t>. 0!:>57. 05!:>71 05!:itl, O!:J!:><,,, O!:>bOo 05bl· O!:>bl t IJ5f>2• 05b3t O!:>b3, 05t> .. 
O!:>n4, O!>l'i5 o O!:>bt>, O">l>fl• u::Hi 7, O!:>b 71 O!:>bt<t O!:>""• 115,,9, 05701 0570, O!:> 71 • 0!:>71 o 05720 057J, 0514 
057:>t 057!:>0 0!:>7b, O!i 7t,, U:>7 7, U5 77o 0!:>7bo 0!:>7bt 0~79, 0!:>791 05110, 05tll• O!:>fl2t O!:>b3t 0:>114. lo!:>o<+ 
0!:>'1!:>1 l!!>tl!:>o O~f<bo 0!:>1,-1, v:>.,7 1 u!>e11, O!:>I:\"'• O!:><,IO, U:>f,IJ, 0:'>92, 0593, 05930 05941 0!:>~4. O!:>~!:>, 0:>"1::> 
05'<1it 05Qf-, 0!-47 0 O!>Yll, U::>.,,'#t UbOOt ObOOt Ot>Ol• UbOh Obll2• Ob021 Of>031 Ut>03o ObO,., fot>O .. , UbU!:> 
Oliflt>• Oo07t 01:>07, Ut>OH, uooo, ObO"'• OblUt llblll• Ot>llo Obll 1 Ot>l21 Oblc1 Ot.13, Obl4, (1bl!:>1 Ublb 
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OISI\ PA&E 3<J UATE: IJJ/05177 

Obl7t Cib l 7' Ob lts, Obl"'• 1.tt>20e Ub20t Ob~l• Obcl e Ub22t Ub"2• Ob23t 0bC3t Ob24o 0625, Ob"bt Ob27 
Obll<t Ob29t OtdOt ooJl, Ub32e Oo.J3t Ob:S4t Ob35e ObJOt,Ob3bt ObJ7e ObJ7t Ob31tt ObJbt OhJ._, ObJ'll 
Ob40t Ob•Ot (•,..41. 06•1• U042e Ub42e UM•)• Ob43t Ob44t 0044 • Ob4!>t Oblt!>t Ob4bt 0647t Ob•bt oo .. 'll 
Ob:>Ot Ob~lt 06!>2, 06~ .... U0!>'1e OobOt ObhOe Obble llb6lt Ubhct 06h2t Ob6Jt 001,3, Ob64t 06b•• 06b:> 
06t-!>• OM>bt Obt>6o Obb7t llt>b7t ObbO• Obbt<• 06b"'• Ubb"'• llb70t 0670. 0671 t 0671. Ub7l't Oo7~, Ob7J 
Ot.73• (Jb74t Ob7•r.t Ob1:>t Ut>7!H Oh7b• Ob7be Ob11o Oo77t 067b, U67tlt Oo7'irt 0679, OhtlOt ObtlOt 06ttl 
Oblllt 06b2t 1Jt-ll2t Obt13t uonJe Obfs4e Obb4e Obtt!>e Obd!>t Obllbo Oodbt ObbTt Obh7t Ob8bt Obtlltt Obtl'll 
0689• Ofi90t Ot.90 

Ol7A CLR2 OOOA 0407• 0•27 
0179 IDLE oooc 01.,0. Olt'4o Olbbo Oldbo uc11, 0215, 02"-2• 02'16, UJCht OJll. 0•43, 0531 
0182 TfORM 0012 Ol7Q 
0183 ILL 0014 Ol90t 02••· 0246, 027tt. II.JOO, 034th 03bl• 044!> 
0185 llAIT 0018 0667• Ob83 
0187 HEP OOlC 0202. 0206t U233, 02J7, Uc3ttt 0240e 02•3· 041"'· <i•21 • 0!>75, Obblt Obbl, Ob63t Ob74 
0189 CUOP 0020 024/t 0245t 0676, 06~6. U090 
0190 CHKClJ 0022 0213t 0211. 0220. 0229t UJ4le 0347• 03b0 
0194 JA4l 002A 0204 
0196 JA43 002E 0207 
0200 RESPl 0036 0210 
0203 JA42 003C 0194 
0206 ERR! 0042 O?OA 
0207 JU4 001t4 0196 
0209 CEl 0048 0203 
0210 IOERl 004A 019&, 0199 
0211 css 004C 0665 
0214 PATT 0052 0669 
0216 DFS 0056 0671 
0218 CONO 005A 0670 
0219 SETS oosc 0215 
0221 PHYS 0060 0660 
0223 CUSTA 00b4 0672 
0225 DRSTl 0068 0&73 
0227 ORST2 006C 0668 
0228 SETA 006E 0222• o2c4• 0?2b 
0230 CYLST 0072 0664 
0234 SE CST OOTA 0666 
0238 SFllAL 0082 0688 
0239 8UFFL 0084 0675 
0241 SEL 0088 0678 
0243 JA91 oo8C 0241 
0244 OE CHO 008E 0679 
0246 SEEK 0092 0680 
0254 OUT OOA2 02bbt 03!>1! 
0257 JAlll OOA8 026tl 
0259 JA113 OOAC 0272 
0267 JA112 OOl:!C 0257 
0270 ERR? OOC2 0273• 0271 
0272 JA114 OOC6 0259 
0274 CE2 OOCA 02&7. 0293t 0323, Ob311t U040, 0642• Ob•• 
0275 JA12l oocc 0262 
0276 RESP2 OOCE 0260t 0274t 0595, 060~. uo10. Ublh Oblii! 
0278 POLL 0002 0677 
0284 JA14l OODE 0294 
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DISK PAGE 40 DATE: U3/0S/77 

0287 JA143 OOE4 0297 
0291 RESP3 OOEC 02Q9 
0293 JA142 OOFO 02t\4 
0296 ERR3 OOF6 0298 
0297 JA144 OOF8 0?87 
0299 IOEP2 OOFC 0289t 0290 
0300 FORMAT OOFE 061'1 
0307 JA171 OlOC 0324 
0311 OUTLP 0114 o32c 
0312 INLP Ollb 031~ 
0323 JA172 Ol2C 0307 
032b ERR4 0132 03l'J 
0327 FwEND 0134 0314 
032A RtSP4 0136 0332 
0331 E.:PR}O Ol3C 0329 
0332 IOER3 013E 0327 
0333 SEC 0140 06k~ 

0342 RC ONT 0152 0687 
0359 JA201 0174 0344 
0361 wwITt 0178 06Ab 
0362 NT~ 0}7A 0577 
0363 .JA231 0}7C 0'->76 
0365 JA232 OlfiU 0363 
03h7 NOTT~ O}H4 0579 
036~ ADFI !'10 0186 04S3t 052?.t Of\36 
0372 ADCO~ (J 18t. 0483 
0375 REPT 0194 0416 
0379 .JA?51 Ol~C 0401 
0383 kESP~ OlA4 0403 
0401 JA252 01C8 037'1 
0403 IOER4 OlCC 0382 
0404 £1-!IH OlCE 0384• 0490t Oc+9lt 0492· U~ltt 

040R NOCflt.1 OlOb 038~· 0393 
0417 SF WAU OlEH 0689 
04(:>0 UW4r-A OlEE 0417 
0422 E:.PR/1 01F2 0413• 0434t 0534t US.3b 
0423 f.~RQ OlF4 04h3 
0429 TMw 0200 OS7H 
0435 JA301 O?OC 043H 
0440 ALDOl\i Oclb 043~. Oc+9h 
0441 TCOMP 0218 0464 
0444 ~E F.:O 021E 06~4 
044'> JA311 0?22 0444 
044H .JA312 0226 0446 
0450 JA321 022A 0448 
04t;4 Tt-1~ 0?.3? 04~1 
045~ .JA331 023C 04b? 
0464 JA332 0246 04~9 

0465 .-RET 0248 039~ 

04fi7 RRE.T 024C 0400 
(146A ~UwCOM 024E 04bbt 04Q3 
0473 ktSPf, 025B 044".I 
047H GOON 0?62 044f-
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DISK PAGE 41 lJATC:: U,j/05/77 

04H4 rnRx 02t>E 047~· 0553 
04~6 JA431 0272 04~A 

Cl4Yl JA361 027C 04A4 
049?. COM PL 027E 04ti9 
0493 JA341 02AO 04bt-I 
0495 IOt::k5 0284 0472 
0496 J~351 0286 0476 
0497 OOt-.JE 0288 05M3t 0571 
0499 CHKHD 028C 04H0t 0557 
0513 JA3Al 02A8 0533 
CJ5h JA383 02AC 0535 
0517 RESP7 02t:t0 053h 
0~23 JA371 0213C 0501 
052~ JA372 02CO 0527 
053? JA3f<2 02CE 0513 
0~3c; JA384 0204 05b 
0~37 CD 0208 0532 
0~311 !OE.Ro 02lJA OS lb 
0539 AOR 02oc 0367t 045c• (151~ 

0542 AD~EP 02E2 0561 
0546 CUM AD O?EA 0563t 05(,4 
0551 ~t:SPf\ 02F4 05t.>t> 
0556 MO~E 02Ft. 0567 
056? .JA40l 030A ~ 0544 
OSf,~ JA4ll 030t: 054b 
051J6 lOEIH 0312 0550 
n~ti7 JA4?1 0314 05".>4 
(lt.,f\'1 r1t.L y 031~ 0477t 0~55 
or:. 7 2 SPEC 031E 06".>9 
oc;..1h HRCH!<- 0326 0361 
0"' 7R CHKHR 03~A 036t> 
o:i1o10 AUTO 032E 01111 
05ti4 AUTSEL 0336 0637 
05A~ IJ~SFL 033E 0604 
0~'/3 JA45l 034d 0639 
O'::>~~ FLTCL 0354 0~117 

0600 JA4fil 0356 Of>"-1 
OflO'i AbAlN 0360 0617 
0607 .JA471 03b4 064~i 
0621"1 JA491 037E On4'> 
Oh37 JA44l 03AU 05~4 

fJb3H JA4S2 03A2 0593 
Oo40 JA4fi2 03Ab 0600 
064? JA47? 03AA Oo07 
Of:44 JA4q? 03Af. o~;>o 

0659 HI <~H 03CO 0 }l:fr 
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DISK PAGE 42 OATEI UJ/05177 

... A L P H A 8 E T I C A L s 0 A T 0 F S Y N B 0 L s ... 
A7 0110 ADCO"' 0372 AIJFl~O 03bll Al>fLO 0111 ADM 0'!">~9 ADRE.P 05•2 AIJRFLO 0095 AGAIN 0605 AL 00!>9 
ALAllM 0121 ALlJON 0440 ALENl:t 0097 AQE.XEC 0109 AU OObO AUTO 05110 AUTOL 0129 AU TS EL 0584 BI EVEN 0117 
RLDEC 0077 BLEOZ 0127 l:!LL OObtl BLU 0069 t!OR 0074 l:!RCHK 057t> t!UFFL 0239 t!USIN 0053 BUSY 009b 
CE 0118 CEl 0209 Cl2 0274 CE.3 0537 CHKl:tH 057tl CHKCU 0190 CHKHl> 04\l'il CLR 0135 CLA2 017& 
C0"4AD 0546 COMPL 0492 COND 0218 css 0211 CUE RH OOflb CUOP 01&9 CUSEL 0123 CUSTA 0223 CllAL 0070 
ClllAU 0071 > CllfAUU 0072 CYLST 0230 DE.CHO 0244 l>ELY 05b"' OFS 0216 OM AC LR 0078 DIOGO 00"'9 DONE 0497 
DRSEL 0588 ORSTl 0225 OHST2 0227 EibHT 0150 EMPTY Ol~Z. EOC 0089 ERRl 0206 ERRlO 0331 ERR2 0270 
ERP3 02% ERR4 0326 lRR7 0404 ERRfl 0422 ERR9 0423 E.RRX 0484 FJVE. 0147 FLA 00t>7 FLTCL 059\1 
FORMAT 0300 FOUR 0146 fULWRT 0101 FWEND 0327 GOON 0478 11E.Xl 0 015tt HEX30 0159 HEX JC 0160 HEX3F 0161 
HEX40 0162 HEX SF 0163 Ht:X7F 0164 HEXA 0152 HEXl:I 01!>3 HEXC 0154 HE.XO 0155 HEXE 0156 H[XF 0157 
HE>lf 0 0165 HEXFF 0166 11IGH 06MI I 0000 IDLE. 0179 ILL 0183 INDEX 0126 INLP 0312 IOEAl 0210 
IOEP2 0299 IC1l:.R3 0332 IOE.R4 0403 JOE.PS 0495 IOERb 05315 IOER7 0566 JAlll 0257 JA112 0267 JAll3 0259 
JAll4 0272 JAlcl 0275 JA141 02114 JA142 0293 JAl•-' 0287 JA144 0297 JA171 0307 JA172 0323 JA201 035'il 
JA231 0363 JA232 0365 JA251 0379 JAZ52 0401 JA301 043!> JA311 044b JA312 . 0448 JAJ21 0450 JA331 0459 
JA33Z 0464 JA34l 0493 JA351 049b JA361 0491 JA371 05~3 JA372 052!> JA3hl 0513 JA38Z 0532 JA3113 0515 
JA384 0535 JA401 0562 Jhl 0194 JUll 0564 JA42 0203 JA42l 0567 JA43 0196 JA43l 04bb JA44 0207 
JA44l 0637 JA451 0593 JA452 0638 JA4f>l ObOO JA46~ 0640 JA47l 0607 JA472 0642 JA491 0620 JA492 Ob44 
JA91 0243 LDRA"4 0420 LFLAG 0113 LPFLG 0092 MIR 0054 MORE. 0556 NEED 00(!7 NE.ORCE 0119 NINE 0151 
NOC OM 0408 NOTT"4 0367 NT'4 03ti2 ONl:. 0143 OUT 0254 UUTLP 0311 PATT OZh PHYS 02Zl POLL OZ78 
pp 0100 PROT 0116 ti OOStl Hl 0066 Rl07 0115 RlE.QF04 Oictl RlINC 0076 AlMSb 010::1 Al TOA OlOZ 
FIA'4 0075 RC ONT 0342 READ 009b REE.I> 0444 REJEl:T OOK5 REP OlB7 Rl:.PLY 0084 RlPT 0375 RESP 0091 
RESPl 0200 RESP2 0276 RE.SP3 0291 RESP4 0328 Rt:.SP!:I 03b3 RESP6 0473 RlSP7 0517 RESP8 05!:11 ROllCOM 04bb 
~RET 0467 SEC 0333 SlCST 0234 SECTOR 0125 SEEK 0246 SE.L 0241 SlT 0136 SE.TB 02Ztt SETb 0219 
SEVEN 0149 SFLR 0057 Sf WAL 0238 SFWAU 0417 SIX 0148 SPEC 0572 SRl 005!:1 SRAH OO!>b TA GOUT OO'ilO 
TAG\IAL 0124 TBR 0013 TCO~P 0441 TFORM 0182 THRE. 0145 TH 0093 T .. R 0454 TMW 042'il TSTMD 01111 
TWO 0144 v 0173 WAIT 01115 WF!ET 0465 WRITt:. Olbl WRT 0U'il4 WRTFF 0112 xco .. ., OllO XFER OOl!b 
ZERO 0142 
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OISK PAGE 43 DATE: 11/03/76 

0206 ERRl 0042 0208 
0207 JA44 0044 019b 
0209 CEl 0048 0203 
0210 IOERl 004A 0198, 0199 
0211 css 004C Oh6~ 
0214 PATT 0052 Ob69 
0216 DFS 0056 0671 
0218 COND OOSA 0670 
0219 SETH oo~c 0215 
0221 PHYS 0060 0660 
0223 CUSTA 0064 Ofi72 
0225 DRS Tl 0068 0673 
0227 DRST2 006C 0668 
0228 SET8 006E ou2, 0224, 02ct-i 
0230 CYLST 0072 0664 
0234 SEC ST 007A 0666 
023A Sf WAL 0082 06Hd 
023Q RUF FL 0084 0675 
0241 SEL 0088 o6rn 
0243 JA9l 008C 0241 
0244 DEC HO OOAE 0679 
024h SEEK 0092 0680 
0254 OUT OOA2 0266, 0362 
0257 JAlll OOAcl 026d 
02~Q JAllJ OOAC 0272 
0267 JAllc OOHC 0257 
0270 ERRc OOC2 0273. 0277 
0?.72 JAll4 OOC6 02$9 
0274 cu OOCA 0~6 7, 0293· U]c3, 063d., 0640· Ob'+? 

0644 
0275 JAlcl oocc 0262 
fl27f. qtsPc OOCE 0260. 0274. Q':)45, 0602, 0610• 0611 

0622 
027A PULL 0002 0677 
0284 JA14l OODE 02~4 

0287 JAl4J 0 OE .. Oc~7 

0?91 PESPJ OOEC 02~q 

'0293 JA14.? OOF 0 Oc84 
0296 ERR3 OOF6 0296 
0297 JAl44 OOFH 02H7 
U2Y4 10!:.f.J" OOFC U2H9, 0290 
0300 FORMAT 0 OFE Ubdl 
0307 JA171 OlOC 0324 
0311 OUTLP 0114 03U 
031? JNU- 0 116 031 ':l 
0323 JAl U. 012C 0307 
0326 n-H~4 0132 0 311.J 
0327 FiNENU 0134 0314 
ll32~ Rt. SP4 0136 0332 
() 331 ERRlO o lJC ()329 
0332 JOHd Ul3E OJn 
0333 st:c 0140 0682 
UJ4? ~CCJNT 0152 0 f>H 7 
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DISK PAGE 44 L>ATE: 11/03176 

0348 JA201 015E 0344 
0350 RTZS 0162 0345 
0363 WRITE. 017C Ot>85 
0364 ~TM 017E 0577 
0365 JA231 0180 0576 
0367 JA232 0184 0365 
0369 NOTTM 0188 0579 
0370 ADFINO Ol8A 0453, 052}, 0636 
0374 AOCOM 0192 0483 
0377 REPT 0198 0417 
0381 JA251 OlAO 0401 
0385 RESP~ OlA8 0403 
0400 JA?~2 01C6 0381 
0403 IOE~4 OlCC 0384 
0404 ERRt> OlCE 0400. 049}, 0563 
0405 ERR7 0100 0386. 0488. 04b9. 04YO, 0~17 

0409 NOC OM 0108 0390. 0394 
0418 SfwAU OlEA 0689 
0421 LOR AM OlFO 0418 
0423 f RR8 OlF4 0414· 043Ye 0~33, 0535 
0424 ERPY 0 }Fr, 0463 
0429 - TMw 0200 0578 
0435 JA30l 020C 043b 
0440 AL OUN 0216 0435. 04Y7 
0441 TCOMP 0218 0464 
0444 PEED 021E 0684 
0446 JAJ 11 0222 0444 
044A ,JA3}£' 0226 0446 
0450 JA3iC l, 022A 0448 
0454 TM~ 0232 04:,1 
0459 JA3.Jl 023C 0462 
0464 JAJJC' 0246 04~9 

046C:, WRET 0248 039H 
U4fi7 P~I: T 024C 0 :S9 'I 
046H ROW COM 024E 046f.H 04q~ 

0473 PESPb 02~8 0444 
U47R GOOl\J 026? 049:, 
04A4 EPRX O?.t>E 047~. 05~? 

1148~ JA31:>l 027'1 04H4 
lJ490 cor.1PL 027A 04'1 7 
l) 49 l JAJ4l 027C 046ti 
0494 101:.R~ 028~ 0472 
04qc, JAJ~l U~A4 0476 
ll4CJh OCll'll 02tJ6 OSbtl• 0~71 
049A CHK.rllJ 028A 0480· o:,~h 

051? JAJtil 02Af> OS3c 
0~14 JA3eJ 02AI\ 05.34 
(I~ 1 h RESP7 02AE 0~37 

osa JA371 02HA O':>OU 
05?4 -.JA,j l c 02HF o~~b 

ll5J l JA3t'c 02CC 0~12 

OS34 JA3i:;4 O?Ot 0514 
Ot;3A Ct.J 02116 0~31 
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OISK PAGE 45 DATE: 11/03176 

0537 IOER6 0208 0515 
053A AOR 02DA 0369· 0452. 0518 
0541 AORE.P 02EO 0560 
054S COMA() 02Et3 0562• 0564 
0550 RES PA 02F2 0566 
0555 MORE 02FC 0567 
0561 JA401 0308 0~43 
0563 JA4.1l 030C 0545 
0566 IOER7 0312 0549 
0567 JA4~1 0314 0553 
0569 DELY 0318 0477. 0554 
0572 SPE.C 031E 06~~ 

0576 ARCHI< 0326 03b3 
057A CHK~R 032A 0308 
0580 AUTO 032E 0181 
0584 AUTSEL 0336 0637 
0588 DRS EL 033E 0604 
0593 JA4Sl 0348 0639 
0599 FLT CL 0354 0587 
0600 JA4bl 0356 0641 
0605 AGAIN OJfiO 0617 
0607 JA4 71 0364 0643 
0620 JA49l 037E 0645 
0637 JA44l 03AO 0584 
06.38 JA4~2 03A2 059J 
0640 JA462 03A6 0600 
lJ642 JA47C 03AA 0607 
0644 JA49c 03AE 0620 
U659 HIGH . 03CO 0182 
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DISK PAGE 46 lJATE: 11/03/76 

OiH> A l p H A ~ E T I C A L S 0 R T 0 F S Y M 8 0 l s 000 

A7 0110 AOC OM 0374 ADFIND 0370 ADFLD 0111 ADR 0538 
AIWEP 0541 ADRFLD 0095 AGAIN 0605 Al 0059 ALA~M 0121 
A LOON 0440 ALENA 0097 AQE XEC 0109 AU 0060 AUTO 05HO 
AUTOL 012Y AUTSEL 0584 BI EVEN 0117 AL DEC 0077 tiLE<Jl 01n 
tjll 0068 EiLU 006Y 80R 0074 BRCHK 0576 ~UFFL 0239 
l:HJSIN 0053 HUSY OOY8 er- 0118 CEl 0209 CE2 0274 
CEJ 0536 CHKBR 057H CHKCU OlYO CHt<HD 0498 cu~ 013!:> 
cu~2 0178 COM AD 0545 C0"4PL 0490 COND 0218 css 0211 
cut.PR 0086 CUOP OlAY cusEL 0123 CUSTA 0223 CWAL 0070 
Cw Au 0071 CWAUU 0072 CYLST 0230 DE:.CHO 0244 DELY 0!:>69 
OFS -021 b DMACLR 0078 OMA GO 0099 DONE 0496 DRStL O~Hb 

DRSTl 0~~5 ORST? 0227 EIGHT 0150 EMPTY 0122 tOC 0089 
E.RRl 0206 ERRlO 0331 ERR2 0270 ERR3 0296 ERR4 0326 
E.RR6 0404 ERR7 0405 ERR8 0423 ERP9 0424 E.R~.( 04f14 
FIVE 0147 FLR 0067 FLTCL 059Y FOPMAT 0300 Fou~ Ol4b 
FULWRT 0101 FwEND 0327 GOON 0478 HEXlO 015H hE x .ilJ 015-J 
t1EX3C 0160 HEXJF Olbl ~EX40 0162 HEX5F Oltd HEX 7F Olb4 
HEXA 0152 HEXB 0153 HEXC 0154 HE.XO 0155 rlEXE 0 l !:lb 
HEXF 0157 HEXFO 0165 tff)(FF 0166 HIGH 0659 I uooo 
IULE 017Y ILL 0183 INDEX 0126 INLP 031~ IOE~l 0210 
IOER2 029Y IOER3 0332 IOER4 0403 JOER5 0494 I OEl.?o 0!:>37 
IOER7 0566 JAlll 0257 JA112 0267 JA113 0259 ..JAll4 u2·r 2 
JA121 1)275 JA141 02H4 JA142 0293 JA143 0287 JA144 0 2lJ I 
JA171 0307 JA172 0323 JA201 0348 JA231 (J36~ JA23c U3o7 
JAcSl 0381 ..JA252 0400 JA301 0435 ,JA311 0446 JAJ12 044h 
JAJ21 0450. JAJ31 04~9 JA33?. 0464 JA34l ·0491 JA3:ll 049':> 
.JAJ6l 048Y .JA3 71 0~22 JA372 0524 JA3tjl 0512 JAJd2 0531 
JAJ83 u514 .JAJH4 O!:>J4 JA40l 0501 JA4l 0194 JA4 l l U':>63 
vA4?. 0203 .JA421 0':>67 JA43 OlY6 JA44 0207 .JA44l 0637 
JA45l 0~1.J3 ..JA4t;?. ObJ8 JA46l 0600 JA462 0640 JA4 71 ll60 7 
...JA4 72 064c .JA4'-n Ob20 JA492 0644 JAYl 0243 LURA"1 04c 1 
LFLAG 0113 LPFLG r)042 MIR 00!:>4 MORE. ossi, NE. E IJ OOH7 
l\il:ORCE OllY f\i INE 0 l !::> l NOCO~ 0409 NOT TM 036~ NTM UJb4 
ONl: 0143 UUT 025£+. OUT LP 0311 DATT 0214 PHYS 0221 
POLL 027CI pp 0100 PPQT 0 llb Q 005t:i Id 00f)f'> 
Rl07 0 11 !::> RlEQRM 012tt RlJNC 0076 Qlt-lSH 0103 RlTUA 0102 
h:AM IJ 07!:> RCONT 0342 K[AD OOY6 RE:.ED 0444 REJECT OOM'.:> 
\'<l:P 0187 !-(£PLY 0084 RFPT 0377 Rt.SP 0091 Rf:.StJ) 0200 
µfSPe 0276 ~ESP3 1)291 ~ESP'+ 032H. RE.SP5 038~ kf.SPtJ 0473 
RESP7 OS lb RESPr! O~:'.>O J.JOWCUM 04b~ Q~ET 0467 J.ITZ~ 03~0 

SE:.L 0333 Sl:.CST 0234 SECTOR 012';) sE:.E t< 0246 SEL 0241 
Sf-_ T Ol3b SEHi 0228 SF:Tl-1 0 21 ll c;E VEN 0149 SFLR 00~7 

SFw AL 1l23H sFwAu 04lA SIX 0148 c;PE C 0572 SI-> l 00""'1':> 
SPAM 00~6 T AGOllT 0090 TAGVAL 0124 TEIP 0073 TC0'",;i 0441 
TFUQM 0182 THRE 014~ TM 0093 TMR 04':>4 TMw 04c9 
TSTM.D 0114 TNO 0144 v 0173 WAIT 0185 WRET U4o':> 
l'l~·d'Tt: 0363 wRT 001l4 'liRTF'F 0112 ><COMP 0120 xn.~ o oi-rn 
U.QO 0142 
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