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1. INTRODUCTION

The System Industries Model 4400/4500 Disk Systems are designed to provide a
wide randge of Eu1k storage capabilities to users of various minicomputers.

A11 of these systems incorporate the System Industries Model 3040 Disk
Coﬁtro11er combined with either the Diabnlo Systems Ingc. Medel 40 series
moving-head disk drives, or the Applied Magnetics Corporation {AMC) fixed
head disk drives, or combinaticns of Loth. The moving-head drives provide

a large on~line capacity plus the convenience and Tlexibility of a removeable
storage medium, while the Tixed-head drives provide very fast access. Thus,
these storage systems can be configured to meet in an efficient fashion the

needs of a variety of minicomouter system requirements and applications.

This manual describes the Model 4400/4500 Disk System when the Model 3040 Disk

Controller is interfaced to a PDP-8 Series Computer.

The manual includes the functicnal descriptions and capabilities of the system,
procedures on its operational aspects, and includes checkout and diagnostic

data. The appendixes contain information regarding installaticn procedures

along with all the necessary diagrams and schematics for a complete understanding

of the system.
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2. FUNCTIONAL CAPABILITIES

System Configurations

The Mode) Qﬂgngisk Storage Systems employ fixed-nead disks only and are used
in those applications requiring very fast access to Timited amounts of data.
Model 4500 Systems employ movind-head disk drives and are best suited for those
applications requiring large capacity or the flexibility and convenience of a
removable medium for off-line storage. With either system, the user has the
opticn of adding one or more of the other type of disk. Such combinational

systems can provide rapid access o those parts of the data or program files

that requive it, and at the same time offer large-capacity on-line data storage.

The Model 4400/4500 Systems utilize both the Program 1/0 and the Birect Memory
Access (DMA) facility of the minicomputer. ATl commands from the minicomputer
te the disk system and status information from the disk system to the computer
are transferred via Program 1/0. All data transferskbetween the computer

memory and the disk use the DMA facility.

The Model 3040 Contro’ieyr, which is the heart of each disk storage system, has
four independent, parallel peripneral parts. Each port can accomodate one of
the following:

¢ One Diablo Mode!l 43 Disk Drive

® One Diablo Model 44 Disk Drive

® One AMC Model 200-D Disk Urive
sny combination of the 3 disk drives may be attacnod to the 3040 Controlier
to form a storage system. Since the same set of instructions is used for both
the'mbving-head and the fixed-head disks, the programming is independent of the

particular storage system configuration. -
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Changes to the Model 4400 or 4500 Disk System's configuration can be made

conveniently in the Tield by plugging the cable interfaces for the additicnal

disk drives into the unused ports af the 3G40 Controiler.

'

Table 2-1 summarizes the capacities, acgess times, and transfer

Model 4400 Systems and Table 2-2 provides that information for

4500 Systems.

Data Transfer Operation

The main funciions of & disk controller are to provide the user
of addressing the blocks of data on the disk and to control the

or serial tc parallel conversions of the data when writing onto

rates for the

the Model

with a method
parallel to serial

or reading from

the disk respectively. This subsection describes the methods employed by the

Model 3040 Disk Contro’ller when used in the Model 4400/4500 Systems.

¥ Disk_Addressing

The smaliest, addressable, block of data in a Model 4400/4500

Disk System is called a sector. For PDP-8 series computers, the

sector contains 256 12-0it words of data and thare are 16 sectors

per track . The number of tracks in any one disk drive 315 a

function of the type of disk drive and can be obtained from

gither Table 72-1 or 2-2. Thus, to specify a disk address, the

user must specify two numbers: a track address and a sector

address.

* Data Transfer Specification

Besides the starting disk address, only two other parameters

are needed to be specified to initiate a data buffer of any

size - from one word up to 4096 words. These two other para-

meters are the word count and f{he starting core address.




These parameters ave initialized pricr to a data transfer

initiation by a singie [/0 instruction and are automatically

maintained and updated by the 3040 Controller throughout the

ensuing transfer.

TABLE 2-1

Moving-Head Disk Specifications for PDP-8 Series Computers

Number of Tracks per Drive
Number of Sectors rer Track
Mumber of Words per Sector
Total Drive Capacity (Words)
Maximum System Capacity {(Words)
Bit Transfer Rate
Word Transfer Rate
Average Rotaticnal Latency
Head Movement Times. Max.
Cylinder to Cylinder
Average
ANY Cyvlinder?

Modei 43

816

16

258
3,342,336
13,365,344
2500 Khz
208 Khz
12.5 s

17 ms
38 ms
?

TABLE 2-2

Model 44

1632

16

256 -
£,684,672
26,738,688
2500 Khz
203 Knhz
12.5 ms

12 ms
38 ms
?

Specifications for a Maximum Capacity Fixed-Head Disk System for

the PLP-8 Series Computers.

Maximum Number of Tracks*
Mumber of Sectors/Track

Mumber of Words/Sector

Total Disx Capacity {words)

Mex ioum System Capacity {(words)
Bit Transter Rate

Word Transfer Rate

Average Access Time

128
16

© 256

524,288
2,097,152
3.4 Mz
255 KHz
8.3 ms

* AMC drives are aveilable with 1-16 heads.
Formatiing is performed prior to shipment.
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{ince these three parameters have been initialized and the data
transfer is started, the 3040 Controiler will transfer the exact
_number of words as specified by the word count and will
automatically crpss any sector, track, or cylinder boundary

to access these words.

-
|

This word count/current address approach to data transfer operations
enables the user to transfer Targe blocks of data with Jjust a

single sequence of I/0 instructions, without regard to dick
boundaries. Sectors of data are transferred consecutively, even
when going across track boundaries. A revolution of time is.-lost

only on moving-heads disks when gocing across cylinder boundaries

to allow {ime for the heads to move o the next cylinder.

Read and Write Operations

Tne 1/0 instructions which initiate the read or write operation
actuaily initiate a combined scek-read or a seek-write operation.
This concept thus helps simplify the programming steps to start
ardata transter since the user doesn’'t have to separately
preposition the head before a read or write instruction is
executed. The Tonger Uime it takes to do a seek-read or seek-write
over Jjust a read or write after the head has been positioned

does not affect Lhe total system, since the disk ports are

parallc! in construction and overlap secks on any other port nay

be initiated at any time. In addition, the combined seck-read

(or write) operation make the moving-head disk appear to the user
to_be no different than the fixed-head disk except for trie response

time, allowing programming to be done independently of the type ¢f

disk.
2-4
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Address Verification

Fdr the moving-nead drives, the Model 3040 Contrcller automatically
verifies that the correct track has been located before a read or
write coperation can take place on any sector located in that track.
This is done for each and every sector to be read or written, and
is especially important for the write operation where an inaccurate
head movement would cause a 1oss of data without this verificatéon.
This addres§ verification is accomplished by comparing the address
of the desired track and the actual address written at the
beginning of each sector on the disk. These track addresses are
written on each disk cartridge prior fo its use by means of a disk
formatting program. Sheould an addressing error be sensed,’;n
automatic restore is done on that disk port by the Model 3040

Controller to alleviate the programmer from having to accomplish

this by additional instructions.

Double Buffering

In crder to allow the computer some timing leesway while still
keeping up with the high transfer rates of the disk drives, a

double buffering data transfer scheme 1s employed.

Data coming off the disk during & vead operation, comes in in

a bit serial fashion and shifts into the Data Shift Register in
the 3040 Controller. When this shift register is full, a parallel
transfer must take place from the shifl register into a buffer
interface register which holds the data for a computer DMA cycle
white the shift register is busy shifting in the next word. If
only one buffer interface regisier were employed, this wouid
require that the computer answer the DMA request within the time

it takes to shift in one word lo the disk controller. This would

o
!
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place limitations on both system architectures and the types of
instructions one could use while the data transfer was taking

place.

To alleviate this problem. a doublie buffering scheme using a
second buffer interface register was employed. This gives the
computer twice the amount of time 1t takes thes disk to transmit
ane word fo‘the controller for it to answer a DMA reguest. This
scheme 1s also utilized when writing onto the disk. This thus
gives the system designer and programmer the fiexibility needed
without worrying about the speed of the disk transfers.

* Error Checking

The Model 4400/4500 Disk Systems are constantly sensing for the
occurance of nine different errcrs. Four of these, which are
sensed by the disk drives themselves,.are the File Reagy, Write
Check, Logical Addres; Tnterlock and Seek Incomplete errors.
The other five, which are sensed by the Model 3040 Controller,
are the Address Verification, Cyclic Redundancy Check, Computer
Timing, Write-Lockout and Format errors. When any of these
errors are sensed, the operaticn is terminated with the cause of
the termination displayed in the Status Register of the Model
3040 Certrolier.

" Post Transfer Status Information

At the completion of a data transfer, as well as during it, the
contents of tne Track Address and Sector Address Registers, and
the Control and Status Registers in the Model 3040 Controller are

availabie via program [/0 instructions. The combined information

2-6




in the Track and Sector Address register will contain aither

the address of the sector on the disk following the last one
dnvalved in the transfer operation if the transfer was
successfTully completed, or the address of the sector on the

disk when one of the nine errors was sensed. The contents of the
Siatus Register indicates which ervors,if any, cccurred during

the transfer operation.

ADDITIONAL FEATURES

The following features, in addition to those directly involved in the data transfer
operation, enhance the capabilities and esase of use of the Model 4400/4500xD15k
Systems.

? Bad Sector Indication

Bad sectors on a disk cariridge used in moving-head drives can
be identified and then fiagged by mea%s of a format preogram.
This 1is done by incorﬁectly formatting the bad sector, thus
forcing an address verification error. Software Took-up tabies
may then be used to identify the repliacement sector.

Write Protection

For moving-head disks, any sector on a cartridge can be write-
protected by setting the write-protect bit in the Track Address
Word. The setting of this bit is done when the sector is
formatted prior to its use. When it is set and during the course
of normal operation {when tne format switch is in the ”NORMAL“
position}, an attempt to write that sector will result in the
generation of a write-protect error and a termination of the
write operation. The initial writing of write-protected sectors

or the updating of information in write-protected sectors can be



accompiished througn manual intervention by switching the formatl
switch to the “FORMAT" position before attempting to write on
those sectors. In this case, the format switch serves as a

write-protect override switch.

Write-protection in the fixed-head disks may only be accomplished
if the disklis equipped with the write-protect option. With this
option, groups of eight tracks may be protected against write
operations by setting the write-protect switch (located on the
front panel of the disk) associated with that set of tracks. As
with the cartridce disk, i a write operation is attempted on any
sector in a set of fracks whose write-protect switch nas been set,
the write operation will be terminated and the occurrence of

the write-protect ervor will be indicated in the Status Register
of the Controller.

Overiap Seekin

With four parallel ports and separate Seek Address and Track

Address Registers, the design of the Model 3040 Disk Controlier
allows the user to initiate overlap seeks (head-positioning

actions without data transfers automatically following) on a

disk port at any time, even 1f a data transfer is in progress

on another disk port. This capability can greatly enhance system
response times by overiapping the longer head movement times with
other system actions and reducing tne access times of data transfers
down to the Tower limit of the average votational delay of the

drive.
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Interrunt Gepneration

Thé Model 4400/4500 Disk Systems are designed to Tulily utilize
both the skip-on-condition (either “done” or "error') instructions
and the interrupt capabilities of the POP-8 series computers Lo
which it is interfaced. The programme> may test both the done

and error {lags at any time, and can control interrupts Tcocally

in the Model 3C40 Disk Controller via the interrupt enable bit

o7 the Cc:téol Register. If the interrupt enable BitT 15 set

when the dorne flag gets set, an  interrupt request will be

generated to the computer.

The done filag will be set when a data transfer completes, either
successfully or having sensed an error, or when a head movement
terminates from an overlap seek while there is no data transfer

in progress.

The information needed‘to interpret the cause of the intervupl is
contained in the Status Register of the Controller for data-transfer-
related interrupts and in the Seek Status Register for interrupts
generated at the completion of a seek operation. Both of these
registers may be interrogated by an I/0 instruction in an interrupt

subroutine.

Instruction Timing

The Model 4400/4500 Systems have been designed tc eliminate timing
problems that could result under certain sequences of disk system
commands. For exampie:

° The Controller will automatically queue a data transfer
instructign for a cartridge disk drive that is presently

seeking and will execute that data transfer instruction

upon the completicn of the seek operation.



G

The Controller will automatically queue a data transfer
instruction until the completion of the seguence that sets
up the Word Count Register and Current Address Register.
This're1ieves the CPU of any waiting when initiating the
data transfer operation.

Overlap seeks may be initiated on any port at any time.
However, the execution of an overlap seek on a port is
ignored when that pert 1s presentiy seeking or performing
& data transfer.

The registers in ¢ha Controlier that receive commands from
the computer are aliways available; the programmer does not

have to observe any minimum waiting time restrictionss

2~10



3. SYSTEM DESCRIPTION

This Chapter contains a description of the 3040 Controller and is presented
in terms of thé registers whose contents control the Controller operation and
provide information to the CPU, and the instructions which control those

registers.

Figure 3-1 is a block diagram of the 3040 Controller interfaced with a PDP-3
and a single disk drive. Using programmed I/0 instructions, information moves
to or from the Control Register, the Status Register, the Track Address
Register, and the Sector Address Register; only to the Seek Address Registgr,
and only from the Seek Status Register. The two buffer interface registefg

are connected to the DMA (Direct Memory Access) facility of the PDP 8 for

data transfers and the Current Address Register is attached to the DMA facility
for specifying the locations in the CPU memory to (oy from) which the data is

to be transferred.



REGISTER DESCRIPTIONS

The following controller registers are those with which the programmer has

direct contact (either establishing or interogating their contents):

" Control, Register

The Control Register (12 bits) contains the busy and done flags to indicate

*“the current statu

s of a controller operation, the disk unit select bits

used to select one of the four ports for a data transfer, the extended

memory address fi
bits, and a read

taking place. Th

eld for DMA transfers, the interrupt and format enable
disk bit to indicate the direction of the DMA transfer

e specific bit assignments are as follows:

BIT

Byl

3,4

7,8

10

11

FUNCTION

Extended Memory Address: Contains the three most
significant bits of the computer memory address for
DMA transfers.

Unused: Will always read as zeros.

Interrupt Enable: When set, this bit will enable the
controller to generate an interrupt request when the
done bit gets set.

Format Enable: when set, this bit will allow a sector
to be formatted.

Disk Unit Select: A two bit field selecting one of four
ports for a data transfer.

Read Disk Enable: This bit, which is automatically
controlled by the controller, is used to indicate the
direction of a data transfer. When set the controller
is reading from the disk and when clear, the controller
is writing onto the disk.

Busy Flag: Indicates the controller is busy trans-
ferring data to or from the selected disk.

Done Flag: When set, this bit indicates that either
(1) a data transfer operation has been completed or

(2) an independent seek operation has been completed
while there is no data transfer active to any of the
other three ports.

3



® Status Register

The Status. Register (12 bits) includes seven error-indicator bits and two

disk-operation bits. A total of nine errors are sensed by the controller.

They have been divided into three equal groups so that a two-bit field may

describe which of the three errors has occurred or that none of the three

has occurred. The complete bit assignments are as follows:

BIT
0
150 00
01
10
11
%
| 3,4 00
01
; 10
17
| 5,6 00
| 01
10
11
{
' 7.8,9
' 10
11

FUNCTION
Error Flag. Indicates that an error occurred.

No Format, Select, or Timing Errors.

Format Error. Indicates an attempt to format a disk
without having the format switch in the FORMAT position,
or to format a fixed-head disk.

Select Error. Disk command assigned to a port that
either has no disk or has a disk which is not in-a
condition to operate.

Timing Error. Computer did not respond in time to
receive or supply a data word from/to the Controller.

No Logical Address Interlock, Address Verification or
Seek Incomplete Errors.

Logical Address Interlock. Indicates that the track
address given to the Controller is greater than the
maximum track value for the disk selected.

Address Verification Error: Indicates that the
Controller has detected a difference between the Track
Address Word in the sector it is attempting to read or
write and the track address it expects to find there.
The Controller initiates an automatic restore on that
disk.

Seek Incomplete Error: Indicates a hardware malfunction
in the disk. The Controller initiates an automatic
restore on that disk.

No Write Lock Out, Write Check or Cyclic Redundancy
Check Errors.

Write Lock Out Error: Indicates an error occurred when
the program attempted to write onto a write-protected
sector. The format switch can override the write-
protect capability in the moving-head disk.

Write Check Error: Indicates a malfunction in the disk
that makes it incapable of writing data.

Cyclic Redundancy Check Error: Indicates that an error
was detected in the cyclic redundancy check word when
reading back the data from the disk.

Unused: Will always read as zeros. )
Busy Flag: Same bit as in the Control Register.
Done Flag: Same bit as in the Control Register.




© Seek Status Register

The Seek Stdtus Register, used to hold the status and results of all seek
operations, is composed of four 3-bit registers, each of which is associated
with a disk port. In each B—bit‘register, two bits are used to indicate

the results of the last seek on the port while the third bit is a dynamic
;lindication of whether the port is ready to receive a seek command. This
register may only be read back to the accumulator, while the two bits

used to indicate the éeek results are automatically cleared upon a seek
being initiated on that port. Those ports not having disks connected to
them will have their 3 bit register read back as a 78‘ The complete bit

assignments are as follows:

| eI FUNCTION

0-2 Status register corresponding to disk port 3.

3-5 Status register corresponding to disk port 2.

6-8 Status register corresponding to disk port 1.

9-11 Status register corresponding to disk port O. i

0.3,6.9 Indicates that a Hardware Seek Error has occurred. This j
can occur from either seeking to a non-existent cyc1inder§
(i.e., a Logical Address Interlock Error) or if the disk |
was unsuccessful in seeking to a legal cyclinder number |
(i.e., a Seek Incomplete Error). If a Seek Incomplete |
does occur, the controller will automatically generate |
a restore command to the disk. ‘ i

1:4.,7,10 Indicates that a Busy Error has occurred. This can occur
from initiating a seek on a port when it was either active
doing a data transfer or was not in a condition to receive
a seek operation. In either case, the seek command 1is ;
ignored when this error occurs. ‘

2Byl A dynamic indicator for whether the port is in a condition

to receive a seek command. A zero indicates it is ready
while a one indicates that either the head is presentiy
moving or that the drive in not ready.
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“ Seek'Address Register

The Seek Address Register is a 12-bit register used to temporarily hold

the port and
also used as
entering the

be read back

i

cylinder address while an overlap seek is initiated. It 1is
a communication path for those program I/0 instructions
Track Address Register. The Seek Address Register may not

into the accumulator, and is always free to receive programmed

information without any timing restrictions. The specific bit assignments

are as follows:

BIT

0,1

FUNCTION

A two-bit field used to select the port on which the
overlap seek operation is to be initiated.

The track address to which the head will move when the
overlap seek is executed. This track address is composed
of a cylinder address (bits 2-10) and a head select bit
(bit 11) for moveable-head disks and is a straight track
address for fixed-head disks.

® Track Address Register

The Track Address Register is a 12-bit register used to hold the track address

for read and write operations.

when the read or write operation is initiated, and is automatically updated

when data transfers require going across track boundaries.

assignments are as follows:

It is entered with the starting track address

The specific bit

FUNCTION

Unused: Will always be read as a zero.

Disk Select: A zero will select the non-removeable disk
and a one will select the removeable disk for a moveable-
head disk. This bit should be a zero for the fixed-head
disk.

The track address to or from which the controller will
transfer data. This track address is composed of a
cylinder address (bits 2-10) and a head select bit
(bit 11) for moveable disks and a straight track
address for fixed-head disks.

|
|
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* Sector Address Register

The Sector Address Register is used to hold the sector address for read
and write operations. It is a Q—bit register which is loaded with the
starting sector address prior to the initiation of the read or write
operation, and is automatically updated for data transfers which require

going across sector boundaries.

BIT ' FUNCTION
i 0=7 Unused: Will always be read as zeros.
é 8-11 Sector Address: A four-bit field which provides 16
é sectors per track.

-

The 4-bit Sector Address Register should be viewed as the least significant
part of continuous disk address, where the Track Address Register is the
most significant part. Thus, when the automatic updating increments the
Sector Address Register back to zero, it will also increment the least
significant (head select) bit of the Track Address Register. With this
addressing scheme, only multi-sector transfers going across cyclinder

boundaries will loose a revolution while the head moves.

OTHER REGISTERS

The registers described below are also used by the 3040 controller, but are not
available to programmer contact.

Word Count Register

This 12-bit register stores the number of words remaining to be transferred

~and is updated as the transfer of each word takes place.

* Current Address Register

This 12-bit register holds the 12 least significant bits of the core memory
address for the word being transferred and is incremented after each transfer

ogcurs.



" Data Shift Register

During a read operation the Data Shift Register takes the data from the disk
in a bit-serial fashion (least significant bit first) and when a complete
word has, been assembled that word is transferred in parallel to one of

the buffer interface registers. The transfers alternate between Buffer
Interface Register #1 and Buffer Interface Register #2. During a write
operation, data from the buffer interface registers are alternately trans-
ferred a word at a tihe into the Data Shift Register which in turn trans-
mits the data in a bit-serial fashion (least significant bit first) out to

the disk.

"y

* Buffer Interface Register

As mentioned above, the data coming from the disk to the computer or vice
versa pass through one of the two buffer interface registers. For a sequence
of words being transferred, the registers are used alternately (first
Register #1, then Register #2, then Register #1+and so on). This double
buffering scheme gives the computer twice the one-word transfer time to
respond to a data transfer request. With the high bit-transfer rates of
these disk drives, this is particularly 1ﬁportant if time—consuming 

instructions, such as indirect addressing sequences, are being used.

* Arithmetic Check Register

This register accumulates the arithmetic checksum word generated during the
transfer of data to or from a sector. After a write operation this word is
written at the end of‘each sector. After a read cperation,the previously
written checksum word is compared to the contents of this register to

verify the correctness of the data transfer operation.
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" Sector Counter

This register contains the number of the sector currently under the read/
write heads. As the disk revolves, the Sector Counter is updated by the
sector 5uHses from the disk and is compared with the contents of the Sector
Address Register in order to determine when a data transfer operation should
begin. This counter is located in the disk drive for moveable-head drives

and on the disk interface cable for fixed-head drives.

DISK SECTOR FORMAT

This section describes the format of each sector on the cartridge disks and the

fixed-head disks.

Moveable-Head Disk Sector Format

The format for a moveable-head disk sector is illustrated in Figure 3-2. Each
item in this sector is described below.

- First Preamble

The preamble at the beginning of each sector consists of twenty 12-bit
words written on the disk. The first 239 bits in the preamble are
zeros; the last bit is a one.

- Track Address Word

Ihis 12-bit word written on the disk contains the track address of the
particu?af sector. The track address is written on a cartridge when
it is formatted. Before a data transfer operation takes place, this
track address is read and compared with the desired address in order

to.verify that the correct track has been located. Bits 1-11 of the



Track Address Word must correspond directly with bits 1-11 of the Track
Address Register for the verify to be completed. Bit O of the Track
Address Word is used as the write protect bit for the sector. If it is
a zeroi, normal operation will occur. It it is set to a one, the sector
will be write-protected and a write lock out error will occur if an
attempt is made to write in a write-protected sector. Placing the
Vformat switch in the "FORMAT" position will override this write protect
bit and allow updafing of data in a write-protected sector.

- Second Preamble

The Second Preamble contains a 51.2 us string of bits (all zeros except
for the last bit which is a one). This preamble enve1op¢s the write
amplifier turn-off and turn-on for the format and data sections ‘
respectively, and provides the read circuitry with a zero field for
resynchronization during a read operation.

- Data

The data portion of the sector contains 256 12-bit words.

- Cyclic Redundancy Check Word

This 12-bit word is the one's complement sum of the 256 data words in
the sector. This word is automatically computed by the controller and
written on the disk during a write operation. It is read and compared
with a recalculated value from the disk data to verify the validating
of the data transfer during a read operation.

- Overhead
The overhead is the unused portion of the sector. It is nomially
157us, but will vary as a function of the instantaneous speed tolerances

of the disks and with interchangability tolerances of the disk cartridges.
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Figure 3.2 Moveable-head disk Sector Format

Fixed-Head Disk Sector Format

The format for a fixed-head disk sector is illustrated in Figure 3.3. Each item
in this sector is described below.
- Preamble

The preamble at the beginning of each sector consists of nine bits. The
first seven bits are ones followed by a zero-one combination for the last
two bits. '

- Data
The data portion of the sector contains 256 12-bit words.

- Cyclic Redundancy Check Word

This 12-bit word is the one's complement sum of the 256 data words in

the sector. This word is automatically computed by the controller anH
written on the disk during a write operation. It is read and compared
with.a recalculated value from the disk data to verify the validity of

the data transfer during a read operation.



-  QOverhead

The overhead is the unused portion of the sector. It has a nominal

value of 20 S«
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Figure 3.3 Fixed-Head Disk Sector Format

*NOTE: The formatting of the fixed-head disk is done by the writing
of a clock track on the disk with special equipment.

DISK CONTROLLER INSTRUCTIONS

This section describes the instructions used to specify the operations
of Model 3040 Controller when they are interfaced to a PDP 8 Series computer.
These instructions are used for both moving-head and fixed-head disks. Table 3-1

summarizes the instructions and their functions.



Model 3040 Disk Controller Instructions for the PDP 8 Series Computer

Table 3-1

Lo R

e
v

T
i
N
3
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|

|
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Address Sequence

Instruction’ Octal Equivalent* Function |
i i
~DSDD | 6501 ‘ Skip on Disk Done. !
| |
DLCR €502 Load Control Register ﬁ
DRCR 6503 Read Control Register E
. i
DCSR 6504 Clear Status Register ‘
DRSR 6505 Read Status Register i
DLSS 6506 Load Seek Address Register and i
Initiate Overlap Seek i
DRSS 6507 Read Seek Status Register
DSDE 6511 Skip on Disk Error
DLSR 6512 Load Sector Address Register
DSRR 6513 Read Sector Address Register
DLTR 6514 Load Track Address Register and
Initiate Read
DLTW 6515 Load Track Address Register and
Initiate Write
DRTR 6516 Read Track Address Register
- DWCA 6517 Initiate Word Count and Current

* The use of the standard device codes 508 and 518 for the Model 3040

Controller.
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i Instruction: - (Octal Code: 6501)

| "Skip On Disk Done

This instruction causes the computer to skip the next instruction whenever the
done flag (bit 11 of either the Control Register or the Status Register) is set

in ihe controller.

" Instruction: BB (0cta1 code: 6502)

T

Load Control Register

This instruction transfers the contents of the accumulator into the Control
Register. It is used to initialize the Control Register prior to a data
transfer, particularly the extended memory address, interrupt enable and

format enable bits.

| .

Instruction: [DRGRR (Octal Code: 6503)

Read Control Register

This instruction clears the accumulator and then transfers the contents of the

Control Register into the accumulator.

Instruction: m (Octal Code: 6504)

Clear Status Register

This instruction clears all the bits in the Status Register in the controller.



" Instruction: [BESM (Octal Code: 6505) |

! Read Status Register

This instruction clears the accumulator and then transfers the contents of

the_Status Register into the Accumulator.

Instruction: m(OctM Code: 6506)

|
|
|

Load Seek Address Register and Initiate Overlap Seek

This instruction transfers the contents of the accumulator into the Seek Address
Regisfer and initiates an overlap seek (a head movement without a f011owing‘data
transfer) to the disk port specified by bits 0 and 1 and to the track speéified

by bits 2-11. This instruction can be initiated at any time and will be ignored

if on that port, another seek or a data transfer is currently being executed.

Instruction: M (Octal Code: 6507)

|
Read Seek Status Register E

This instruction clears the accumulator and then transfers the contents of the
Seek Status Register into the accumulator. The individual 3-bit registers for
each port combine to make a 12-bit transfer with bits 0-2, 3-5, 6-8, and 9-11

corresponding to disk ports 3, 2, 1 and O respectively.

| Instruction: (Octal Code: 6511) '

Skip on Disk Error

This instruction causes the computer to skip the next instruction whenever the

e

error flag (bit 0 of the Status Register) is set in the controller.
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Instruction: - (Octal Code: 6512)

i

Load Sector Address Register ;

This instruction transfers the least significant 4 bits (bits 8-11) of the

accumulator into the Sector Address Register.

| Instruction: m (Octal Code: 6513)

Read Sector Address Register

This instruction clears the accumulator and then transfers the Sector Address

Register into bits 8-11 of the accumulator.

Instruction:

(Octal Code: 6514) ;
i
|

|

| Load Track Address Register and Initiate Read

This instruction transfers the contents of the accumulator into the Track Address
Register and initiates the following sequence:
(1) A seek is initiated to the track specified by bits 1-11 of the
Track Address Register on the disk port specified by bits 7 and
8 of the Control Register.

- (2) When the track and sector are reached, the controller goes through
an address verification sequence where it verifies that the correct
track has been reached by reading the Track Address
Word and comparing it with the contents of the Track Address
Register. This‘verification sequence is done only for moving-
head disks to verify the head movements, and is not needed to verify

the electronic head selection circuitry of the fixed-head disks.
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(3)

After the verification sequence is done (if needed) the read
sequence will commence where the controller will convert the
serial data on the disk into parallel 12 bit words and transfer
theim into core using the Current Address Register as the pointer
as to where to store each word in core.
The read operation will continue until the number of words
initially specified in the Word Count Register has been
transferred. As the data is read in from each sector on the
disk, a one's complement sum is calculated from the data and
compared with the byc]ic redundancy check word in that sector
to verify the validity of the data. .
The controller operates on total sector each time but transfers
only the initial Word Count Register number of words into core.
Should the initial value be less than or equal to a sector length,
the read operation will terminate at thé-end of the initial
sector after checking the validity of the data. Should the
initial value be greater than-a sector length, the read operation
will go automatically from sector to sector (checking for address
verification on each sector if necessary) and will cross both
track and cyclinder boundaries until the initial Word Count
Register value of words has been transferred.
NOTE: For moveable-head disks, it will take an additional

revolution when reading across cyclinder boundaries

to allow time for the heads to move. Except for this

case, all large transfers will go from sector to

sector without Tosing any time between sectors.



(6) As each sector is read successfully, the disk address (viewed as
a 15 b1£ register composed of bits 1-11 of the Track Address
Register as the most significant part and the Sector Address
Register as the least significant part) 1s incremented to point
to the next sector. Thus, at the conclusion of the data transfer,
the disk address will point to the sector immediately following

the last sector read if the transfer terminated successfully.

(7) At the conclusion of the data transfer or whenever an error has
been sensed, the Done Flag will be set and an interrupt request to
the computer will be generated if the Interrupt Enable Bit (bit 5

of the Control Register) is set.

(Octal Code: 6515)

| Instruction:
1

; Load Track Address Register and Initiate Write ! :

This instruction transfers the contents of the accumulator into the Track
Address Register and Initiates a WRITE sequence. These are the same set of sequences
as the READ instruction with the following exceptions:
In the address verification sequence, the most significant bit of
the Track Address Word is tested to see if the sector is write-
protected. Trying to write into a write-protected
sector will terminate the write operation and set both bits 0
and 6 in the Status Register.
The write. operation will transfer words from core to the disk
until the initial value of the Word Count Register has been
reaﬁhed. It will then write the remaining words in the sector

(should thete be any) as zeros.



While it is transferring data to each sector, the controller
computes the one's complement sum of the data in the sector
and then writes this value as the Cyclic Redundancy Check Word

immeaiately after the data in each sector.

Instruction: {BRERl (Octal: 6516)

Read Track Address Register !

This instruction clears the accumulator and then transfers the bits 1-11 of the

Track Address Register into the accumulator.

(Octal Code: 6517)

; Instruction:
|

Initiate Word Count and Current Address Sequence |

This instruction will transfer the contents of the accumulator into the Seek
Address Register and initiate the following sequence:
(1) The controller interprets the information in the Seek Address
Register as an address and transfers this information into the
Current Address Register.
(2) It then uses this address plus the Extended Memory Address (bits
0-2 of the Control Register) as a pointer and initiates a two
word DMA sequence.
(3) The first word retrieved is interpreted as the initial word count
for the ghgdﬁﬁﬁldata buffer and is transferred into the Word Count
Registér.
"(4) The second word retreived is interpreted as the intial core address
for the ensuing data buffer and is transferred into the Current

-

Address Register.



CONTROLLER OPERATIONS

The following information is provided to help the user better understand the

Model 3040 Canro]]er and aid in its' programming.

® Master Clear

The Model 3040 Controller contains its own master clear generator
circuit and a]so'receives the master clear signal of the Program I/0
bus. The master clear function clears the Status Register, the
interrupt enable, format enable, busy and done bits in the Control
Register, the busy and hardware error bits in each of the Seek Status
Registers and all sequence control status in the controller necéSSary

to initialize the controller.

The Overlap Seek and The Seek Status Register

The purpose of the Seek Address and Seek Status Registers is to give
the Model 4400/4500 Disk Systems a true overlap seek capability, which
is independent of whether a data transfer is in progress on another
port. An overlap seek is initiated by the execution of the DLSS
instruction. There bits 0 and 1 of the Seek Address Register define
which of the four disk ports the seek is to take place on, and bits
2-11 define the cyclinder and head-select (i.e., the track address)

to which the heads should be moved to. The Disk Select Bit, bit 1

of the Track Address Register, does not need to be defined for the
overlap seek operation since all four heads in the moving-head disk
drive are attached to the same head positioner mechanism. The overlap
seek capability can be used even in a single disk drive system, Since
any reaq or write initiation will be automatically queued in the

controller until the port on which the data transfer is to take place



becomes ready. This queue also alleviates any timing restrictions

on when to initiate a read or write sequence.

The tompletion of an overlap seek on any port will set the done flag

in both the Status and Control Register, if and only if a data transfer
is not active at that time. A program interrupt will also be generated
if interrupts are enabled at the time the done flag gets set. Should

any overlap seek‘operations terminate during a data transfer on another
port, this fact will not be identified to the program at that time,

and it will be up to the user to interrogate the Seek Status Register
(bits 2, 5, 8, and 11 for ports 3, 2, 1, and 0 respectively) to determine
if any other head movements did terminate during the data transfér

should this information be needed.

The hardware will automatically protect against the initiation of
overlap seeks if the port in question is presently either active with
a data transfer or has its 'head moving and is not in a condition to
enact another seek. 1In both these cases, the seek initiation is
ignored and the busy error bit in that port's Seek Status Register

is set.

The Control and Status Registers

Except for the done flags capability of being set at the end of an
overlap seek, both the Control and Status Registers are used

exclusively for data transfers. The Status Register, which contains

any error information resulting from a data transfer alang with the
redundant busy and error flags, can have the error portion cleared
only by program control and set only by the controller upon the

detection of any of the nine errors. This register should be cleared
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prior to a cata transfer initiation, so that any information in it

after the data transfer can be only a result of that data transfer.

The Control Register contains both control and status information

for data transfer operations. Bits 0, 1, and 2 comprise the Extended
Memory Address field, which are the three most significant bits of
the 15-bit (32K address ability) memory address used for all DMA
transfers. The four bits comprising the interrupt enable, format
enable and disk unit select bits must be appropriately set by the
programmer according to their usage. However, while read disk, busy
and done flags may be set or cleared by a DLCR instruction, they are
also under automatic control of the controller. The read disk b;{

is used to control the direction of DMA transfers and must be
controlled for both the word count/current address seguence as

well as the read or write operations. The busy flag is automatically
set at the time of a DLTR or DLTW instruct;on and cleared when the
data transfer terminates. The done flag will automatically be cleared
(if it is not already) at the time of a DLTR or DLTW instruction and

wil]l be set when the data transfer terminates.

Word Count/Current Address Seguence

“The word count/current address sequence was designed to allow the user
to initialize two of the three basic parameters needed to initiate a
data transfer with one programmed I/0 instruction. The controller
interprets the jnformation transferred during a DWCA instruction

as the address of the first of two consecutive words in core, and
initiates a two word DMA sequence to retrieve them. This will require
that the Extended Memory Address field in the Control Register must

point to the 4K memory bank in which the word count and current
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address parameters reside prior to the DWCA instruction. Should the
ensuing data transfer be to or from a different 4K memory bank, the
Extended Memory Address field must be reset prior to the DLTR or DLTW
instructions. The word count register is a 12-bit register and allows
for a full 4096 word transfer from a single data transfer initiation.
The Egtended Memory Address field is not capable of being 1néremented,
so that any transfer incrementing the 12-bit current address Register
past its maximum value will wrap around to the beginning of 4K memory

bank pointed to by the Extended Memory Address field.

Read or Write Operations

The design concept of the Model 3040 Controller was to minimize the
programming sequence needed to sef up and initiate a data transfer and
have this one sequence capable of transferring from 1T word to 4096 words
without regard to any disk boundaries. The controllier utilizes two

~ consecutive device code numbers for its instruction set and these
numbers are selectable to be any two consecutive numbers starting

with an even number. Also for PDP-8E or M or F computers, the

DMA priority is normally set to level 1, although any of the other

eleven levels may be selected.

The sequence to initiate a data transfer is described by the
following flow diagram along with the I/0 instruction mnemonic

used to accompish each action:



CLEAR STATUS REG

i
!
|

N

SET EMA FIELD FOR WORD
COUNT/CURRENT ADDRESS SEQUENCE

1
|
|
{

&

INITIATE WORD COUNT/CURRENT
ADDRESS SEQUENCE

St

LOAD SECTOR ADDRESS REGISTER

-
H
i
H
i

\:,/'

INITIALIZE CONTROL REGISTOR FOR

DATA TRANSFER

Sof

LOAD TRACK ADDRESS REGISTER AND

INITIATE EITHER READ or WRITE

DCSR

DLCR

DWCA

DLSR

DLCR

DLTR or DLTW

As seen from this flow diagram, the same sequence is used for both

read and write operations with the only difference being whether a

DLTR or DLTW instruction is used.

Program

written to operate in

only 4K of memory don't need the second DLCR instruction.
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® Data Transfer Monitoring

The Model 3040 Controller is designed to utilize both the skip on done
and‘interrupt capabilities of the computer. Thus once the data transfer
hag Been initiated, the user may periodically test for the completion

of the data transfer by executing a DSDD instruction with the result

of skipping the next program instruction if the data transfer is
comp]éted. If the user chooses not to periodically test for the

data transfer completion, he may set the interrupt enable bit at the
time he initializes the Control Register for the data transfer, which
will result in an interrupt generation upon the completion of the

data transfer.

If the interrupt method is chosen, the interrupt routine must first

poll all devices to see which device has interrupted. Once the
controller has been identified as the intgrrupting device, or if the
periodic done flag testing'was used to determine the data transfer
completion, the skip-on-error instruction, DSDE, can be used to

test if any errors occurred during the data transfer. If any error

did occur, the description of the error can be obtained by interrogating

bits 1-6 of the Status Register.

The action taken by the program in case of errors will depend on the
specific application. However, certain errors may allow recovery
techniques while others are invariably fatal. Address Verification,
Write Check, Cyclic Redundancy Check, Timing, and Seek Incomplete
errors may sometimes be corrected by repeating the current operation
(which includes reinitializing the Control and Status Registers).
If the error is a recoverable one, it will not persist for more than

seven attempts. Beyond seven attempts, it should be considered fatal.
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If the interrupt scheme was used, the programmer should clear the
done flag prior to the execution of an ION instruction to prevent

any:faise interrupts from occurring.

Disk Formatting

Before data can be written onto a moving-head disk sector, and hence
read from the sector, the sector must be formatted by writing a
preamble and Track Address Word at the beginning of each sector.
This is accomplished by initiating a write sequence, the same
sequence as if writing data except for the following conditions:
1) The format switch must be manually placed
in the FORMAT position.
2) The format enable bit (bit 6 of the Control
Register)must be set to a one.
3) The word count must be specified as 25g
(2170) -
4) The data buffer must.be following:
a) the first 238 (1910) words must
be zero.
b) the 248 (2010) word must be 4000,.
¢) the last word of the data buffer

is the Track Address Word.

Thus, each sector is formatted separately by initiating a write
sequence with the above special requirements. It will result in

a string of 239 zeros being placed on the disk starting at the sector
notch with a one being written on the disk in the 240th bit time
(96us).- The twelve bits immediately following the single one bit

will be the Track Address Word.
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® Track Address Word and Sector Write Protection

The last word of the data buffer when formatiing a sector is the

Trqck Address Word. For normal operation (i.e., not write-protecting
a sector) the most significant bit of this word should be a zero and
bits 1-11 are identical to the bits 1-11 which were loaded into the
TracklAddress Register when the write sequence was initiated to format
the sector. If it is desired to format the sector in the write-
protect mode, the most significant bit (bit 0) of the Track Address
Word must be set to a one. Once it is formatted in the write-

protect mode, data may be written into the sector by leaving the

format switch in the FORMAT position, which performs as a write «”

protect override switch.

When a sector is formatted, data must be first written into the sector
before any valid read operation may be ini¢1ated on that sector. Thus
when reformatting a normal .sector into a write-protected sector, the
data in the sector, if it is to be saved, must first be read into a
temporary storage area while the sector is reformatted, and then

rewritten into the sector after it has been reformatted.
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