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The PRM~Q is a "Q-Bus Plus'' DMA interface for the Priam Winchester
disk drives used with the Priam "Smart Interface'. It provides

a direct, easy-to-program commection between the Q-Bus and the
Smart Interface. The PRMHQ can operate one Smart Interface

which can control four drives. |

The PRM-Q provides direct programmed I/0 access to registeis in_
the disk controller, it handles multi-sector DMA transfers through
the full 22-bit address range of the Q-Bus Plus, allows for partial
sector transfers and handles interrupts for byte-count-zero, bus
error and disk controller attention conditions. In édditiqn;-the
PRM-Q contains an on-board PROM for easy bootstrapping.

PRIAM SMART INTERFACE DISK CONTROLLER

The PRIAM "Smart Interface' contains eight read—only'?egisﬁéw “and

eight write-only registers. The PRM~Q accesses the registérs as
two groups of four read-only/write-only register pairs. A select
bit in the DMA control/status register determines which group of
four is to be accessed. The registers consist of a command/status
register (CSR), a data buffer (DBF), six parameter registers and
six result registers. The protocol required by the controliephto

cause it to perform an operation is as follows:

e Load the parameter registers

e Load the command into the CSR

e Wait for attention flag -

* Read status from CSR and result register O

e Send completion acknowledge command to CSR
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PRIAM SMART INTERFACE DISK CONTROLIER-continued
The transfer must be completed within four seconds of the first data

request or the controller will detect a transfer timeout error.

The disk controller can transfer multiple sectors as a result of
one command. A maximm of approximately 64KB (127 sectors) can
be transferred this way. The disk controller always transfers data

in multiples of whole sectors. It cannot transfer partial sectors.

PRM-Q) REGISTERS
The PRM-Q responds to eight register (full word) addresses in the

I/0 page. Four of these registers correspond to the disk controller
registers. One register is not used. The other three registers
provide control over the DMA and interrupt functions of the PRM-Q inter-
face, and select which group of four disk controller registers is

to be accessed. The registers are:

-Smart Interface Registers (Read Only)-

Relative Low Group High Group
Address ~  (SEL=0) = (SEL=1)
0 Result 5 Result 1
2 Result 4 Result 0
4 Result 3 Disk Data
6 Result 2 Controller Status

-Smart Interface Registers (Write Only)-

Relative Low Group High Group
Address (SEL = 0) (SEL = 1)

0 Parameter 5 Parameter 1

2 Parameter 4 Parameter O

4 Parameter 3 Disk Data

6 Parameter 2 Controller Command



PRM=Q REGISTERS—-continued

-PRMQ Interface Registers—

Relative

Address Function
10 Not Used
12 Interface Control/Status (ICS)
14 Interface Memory Address (IMA)
16 Interface Byte Count (IBC)

The ICS register contains the following control functions:
Control Functions

» Enable external interrupt (disk controller attention)

Enable internal interrupt (byte—count-zero or bus error)

DMA transfer direction
» Disable IMA incrementing

Reset disk controller

Select disk controller register group

High six bits of the 22-bit memory address

The '"Disable IMA incrementing'' control bit is used to allow partial
sector transfers into program memory while accommodating the disk
controller's requirement for full sector transfers. For example, when
reading a partial sector the memory address is set to point into the

desired data transfer area, the byte count register is set for the

desired number of bytes, internal interrupt is enabled and the read
operation in initiated. When byte—count-zero occurs the memory address

is reset to point to an unused byte in memory, the 'Disable IMA incrementing'’
bit is set and IBC is cleared. The bytes remaining in the sector are

then all transferred into the unused byte. A similar operation can

be followed to write partial sectors with zero fill.



PRM=Q REGISTERS—continued

The disk controller reset bit must be cleared or the disk controller
will be held in a reset condition. The disk controller register
select bit (SEL) determines which of two register groups is currently
selected for DMA and programmed I1/0 transfers. The high six bits

of memory address act as the high order extension of the 16-bit

IMA register. When the IMA is incremented from 177777 to 0, the

carry out causes this six-bit extension to be incremented.

The ICS register provides the following status information:
Status Bits
» External interrupt request flag
» Internal interrupt request flag
* Controller ready
e Bus error

The IMA register provides the low order 16-bits of the 22-bit memory
address. the IMA is incremented before the first transfer so it must
be loaded initially with one less than the memory address of the

first data byte to be transferred. Note that this subtraction
operation must be applied to the full 22-bit address value. For
example, to transfer into location O of memory, the IMA must be loaded
with 177777 and the high six bits in the ICS must be loaded 77.

The IBC register allows for transfers of up to 65KB of data. It is
an up—counter and it stops counting when it reaches the value 177777.
This is the byte-count-zero condition which asserts the internal
interrupt request. The IBC must be loaded initially with the ones—
complement of the number of bytes to be transferred.
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Chapter 1
INTRODUCTION

The Priam Wirchester handler is a device handler for 32T11
which works with any of the Friam Winchester disk drives. The
handler can te easily adapted to work with the various drives
which are available now and which will become available in the
future.

The handler utilizes the full storage capacity of the
drives. Defect mapping (if used) is transvarert tc tke handler.
A disk formatting vrogram is previded which interleaves logical
sectors tec maximize 1tlock transfer rate or consecutive bleck
transfers.

The Priam harndler works with the PRM-Q interface
manufactured by Peritek Corporation. Thke PRM-Q 1is connected to
Priam’s "Smart Interface” disk controller. Up to four drives may
te connected to the disk controller.

The interrupt service routine runs at interrupt 1level 5.
Therefore, if the PARM-0Q is used with ar LSI-11/23 CPU which has
multi-level interruvts, the interrupt reguest level c¢f the PRM-Q
should %te changed tc BIRGCE. (See PEM-{ User”s Manual for
details). This is noet a mandatory charge.

Software Envirorment

This handler works with RT11 Version 4. It will work wi
the §SJ, FB and XM monitors. The handler performs exactly like
standard RT11 handler and its use is completely trenspereat ¢t

the applicatiors programmer.

L4
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The sysger options supported by the Priam handler are memory
management and error logging.

The device name used is ‘WP’ and the device code 1is octal
373 .

Logical Unit Confisuration

Each physical drive can be treated as a single logical unit
or it car ©be divided into a number of smaller lcgical units.
RT11 allows a device handler to have up to eieht 1logical  units.
Bach logical urnit is limited to 32MB ir size.
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Chanter 11

The Priam handler .is distributed on RXZ1 compatible single
sided, single dersity diskettel  Source files for the handler are
included so the user can generate his own handler if desired.

-

Contents of Diskette

oA

The dlstributiOn vackage ccntains the following files:

WP .MAC —~  Handler source file-

WPCND VAC - Handler conditional file

WP COM » f;:Co&ﬁaanfile used to generate handler
WP.0BJ - Handler object file

WP.LST ~~ = Handler listire file

WP.SYG - Executable randler

WPFMT.SAV - _Qigk formatting pregram

ERRTXT .MAC Hegister names for error log repcrt writer

WPDWN. SAV
WPDWN.MAC

" Turns “¢ff power to all drives
Source

Restrictions

The executable handler cortained 1in the distribution kit
will work with the stardard monitors (RT11SJ, RET11FB, RT11BL) as
provided in the V4 release kit. It will not work with user gen’d
systems with any of ‘the following options enatled: exterded
memory, error logging, timer supvecrt. The executable handler
will only work with hardware {interface and drives) as specified
in the handler conditional file. IList the handler conditional
file to see if it matches your hardware configuration.

I# the executable hardler is not compatidle with either your
cperating system or your hardware then a new handler will have to

be aenerated. See Chapter IV fer irstructions on how to do this.

JThere are several steps which must be taken to get the Priam
handler up and running as the systemr device.
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a) TFormat the disk drive(s) ir 512 byte format using the
_program WPFMT. This is described in Section III.3.

b) Generate the appropriate  handler to suit the
hardware/software environment and the desired logical
unit configuration. This is described in Chapter IV.

c) Copy the generated handler tc the system device c¢n the
existing. sy<tem. Use the commaqu.
.COPY/SYS WP SYG SY WP. YS
JINSTALL WP

It is now possible to use the target disk as a
non-system deviee -on the existing system. Initialize
the directories on the target disk and verify that files
can he wr*tten to and read back from the drive.

......

1) :CODy the sy=t=m “f1les and other irportant files tc the
- A;atarget disk.:  Be. sure to 'include the GCEWAP file,
monitors, hand;era, ubllity programs, etc.

e} Exescute the bcot copy cperation as follows'

.COPY/BOOT WP RTiIxx WP:

Vhere xx represents SJ ¥3, or XM. The drive is now a
bootable system device.- - - "7 -

f) Bring up the rew system by executing a soft boot wusing
the monitor command: - -~

.BOOT WFP:

g) Alternately, tring up the system : by executing the
hardware boot. In micro-ODT type: -

R777020G

If the address of the PRM 0 card is non—standard be sure
tc use the correct address..- .o

Nocte that a soft toot can be performed on any loeical unit Dbut
the hardware bcot always uses drive-2, lcgical unit 4.

Powering Down

The program WPDWN.SAV outputs the ccmmand "Sequence Power
Down to all drives ard ther halts. It is advisadle to execute
this program before turning off power tc the Smart Interface and
drives. The program source is included in case the user wants to
elimirate the halt or change the controller address.
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The PRM-Q User’s Manual - ?rovides infbrmation or how to
optien the PEM-Q, how to-- install it, connect it to the Smart
interface, and how to .verify-.that 4t is working prcperly.

Drive COptions

The important drive options to select are the - drive number
and nurber of sectors - per track. The Priam handler addresses
drives in rumerical oréder. If only ore drive 1s <conrected it
must respond . to -drive address: @. I# two drives are being used
they must respend to drive .addres<ses @ ard 1, and so forth.

The drives must be set up to use 512 byte secters. Choose
the appropriate number of sectors ©per track to give 512 byte
secters. ' Lo L

Write »srotect must be disabled.

TERS= SRl el aSE

The drives. as. shippeﬂ by Priam, may not be 4n the vproper
512 Dbyte format - for use by "ERET11l. A program included on the
diskette handles forrmatting for any of the Priam drives. It does
not use defect manpinb.

There qre three purposes for formattlnz a disk They are:

1. Set up the disn with'512~byte sectors for use by ET11.
‘2. Interleave lozical sectors for maximum data transfer
rate on fmulti-block transfers.
3. TFlag all sectors:containing media defects sc¢ they carnot
be read or written by RT12

. #

The formatting orogram is WPFMT.SAV. It is an interactive
program whick requires the wuser to specify the controller
adéress, drive number-and format desired. The dialczue is shown
~below with sample answers for a standard PRM-Q and a 3350 drive:
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Priam Pormatting Program (31-MAR-81)

Enter. . . .

Controller address (octal) = 177109

Drive numter to bte formatted = @

Starting cylinder =g

Ending cylinder = SE9 .

Total bytes per sector : = Bge SO
~.Interleave factor:’ ’ - = 4

Logical units per. drive © = 4

All values entered are decimal numbers except for the
controller address which is octal. Startineg and ending cylinders
specify the cylinder range to be formatted. Suggested values to
use are shown in the table below' ‘ : _

- DriVE‘“ ‘Vaxiﬂnwm~ ‘Interleave Factor : Total

. .-:. Model . - Cylinders~:"11l/2 * - 11/23 Bytes/Sector
ig7e -~ 189 - . = &.° = 3 548
20950 524 L . 74 3 582
2450 524 4 3 ‘ s5e2
3358 550 5 4 g74 SeC
5650 1120 . ° 5 4 gzé 560
15450 1120 5 4 cee

The tctal bytes per sector narcmeter indi”ates the nh;cical
size of a sector including header, filler,”data, CRC and gap.
This rumber is used in calculatlng the sector location of a media
defect. o . meto ; : : :

Sectors are interleaved by pairs (the Smart Interface always
tries to -transfer- two 512 dyte sectors at a time on multidlock
transfers). An interleave factor of zero results in consecutive
sectors vwhile a factor .of ohne results in logical consecutive
sector pairs which are separated by one pbysical sector pair.
Note that a smaller -interleave. :factor .can be used with the

1SI-11/23 processor since DMA latency 15 less.

Tae logical units per drive =pecified should cerrespond to
the number of lcgical units per drive which will be useéd by the
RT11 handler (see Sectior IV.1). This valuée is used to deterrine
the 1location of defective sectors in terms of RT11 logical unit
and bdlock numbers. . K

Once the narameters have been entered the program then reads
the drive type and drive parameters from the Smart Interface and
displays them on the conscle device as follows:

Drive Information

Type Model Heads Cyls S/Trk S/Drive B/S
1 3252 3 Bel 24 57222 512
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If an error occurs.when - reading the drive type or "parameters or
if the sector .size:--is-nmot 512 bytes, then an error message is
printed and the- Drogram aborts.~ ‘

If the drive type and parameters are read ‘successfully and
if the sector size is 512 bytes then the program will request the
name of a file or device-to receive -information on the formatting
rrocess, . imcluding . .+the ' drive:  inforration - and Jhe
logical-to-physical sector map.

Cutput file = LP:

If the null strihe (returre. only) is entered ~ thenm no output is

-generated. . .If .a 6 device -or -£ile name is entered, the output is

directed to that file orr&evire.-

The Progvam then reque=t5',,

&

Type GG to prooeed*

'hhen the user types GO- (followed by return) °‘the  prozram tezins

execution. While formatting, the program produces no output to
the ccnsole except on error-conditions. - Formatting can take a
long time (up to 25 minutes on large 4drives) so rest assured that
the program is working and wailt for it to finish.

TRtlLsl2last Ao ¥ixZa

The program formats the disk in five steps, "~ executing all
five operations on a given track. tefore proceeding to the next
track. Formatting beegins orn the starting cylinder specified arnd
continues to the last cylinder oh the drive.

e

-The operations used in fcrmattine the drive are as follows:

a) Format Disk
Writes headers for-512°byte sectors.

b) Write Data ST IR
¥rites:512 bytes of data to every sector on the track.

-¢c) Read Skip Defect Record
T Deterwines if there are any defects on the track.

d) Interleave Loeical Sectors
Rewrites the headers ir interleaved order.

e) Verify
Reads back the entire disk and lists any sectors with
faulty“CRC’sVon ID or data.

If an error is enéountered the program types out a short
character string identifyine the operation in progress, fcllowed
by seven bytes in octal. These values represent the status
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~registery~the-transaction:status {result 2), and result registers

1 tkhrough-5,  The failing operatién-is repeated. If three errcrs
occur on the same track, encther’error messege is printed out
specifying the head and c¢ylinder number in decimal, and the
,aregram nrcgeeds to tne néxt track. '

- s

If defoct< are enuounter°d 6n“a track the verify operaticn
is bypassed since it .will always résult in error messages.

Program Qutput

~ The -output 'which goes to “the user =necified device or file
includes ' the ™ input- par&meters;i'the ‘drive 1information, ard a
sector map which sheows ® thHe : physical’ to logical secter
correspendence. If the numtpr of sectors per track is even the
map is the same for all :tracks on the device. If the number of
sectors per track is odd, the mavp is different for each track c¢cn
a cylinder tut all cylirders are’  exactly the <came. A <amp1e
sectoer map for 13‘3 drive with _;4 ﬁsectqps per track and

lll f

16 17 32 31 1¢ 11 24 25

~interleave f—w*s" 4 is Suyun beLU":“
Priam Formattinz Program (31-MAR-BI)
Controller addres< \ '¥ 1771@@
Drive rumter = g
Starting cylinder =2
Endirg cylinder = 8€0
Total bytes per sector = B Scjc
Interleave facter = 4% 10
Losical units ner drive %_4 Tl
" DriVP Information~
Type Model Heads Crls S/Trk S/Drive B/S
T . 3382 -, .3 : . 561 :° .34 87222 © 512
Sector Map~
PHYSICAL SECTOR e
2 1 2 3 4 5 5 7 8'9°1.11°12-13 14 15 158 17 18 19
Eead
2 @ 1 14 15 28 25 8 -9 22 22 2. 3 18 17 32 21 12 11 24 Z&
1 2 1 14 15 28 29 8 ¢§ 22:2%: 2:.3 158 17 30 31 10 11 24 2&
2 g 1 3

14 15 2629 8 922 23 2 )

PEYSICAL SECTOR * - 7 i:
2¢ 21 22 23 24 25 26 27 28 29 3@ 31 32 33

Head
2 4 5 18 12 32 33 12 13 26 27 & 7 28 21
i 4 5 18 19 32 33 12 13. 258 27 68 7 2021
2 4 5 5 7

18 19 32 33 12 13 28 27 22 21
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Media Defects

¥PFMT does not ‘use defect mapping because it is inefficient
and it reduces tke total numder of cylinders available for use.
RT11°s bad »leck capability is a much more satisfactory method to
take care of defects. When the skip defect record indicates
media defects c¢cn a given track, the formatting program generates
error messages to inform .the user where the defects are. These
error messazes take ihe form: - ‘

Bad.sectogﬂaqluqi;*l : block €933.
cr:
'Bad sectors at undt € - blocks 182. to 135.

The formatting program writes -dinvalid sector ID’s on sectors
certeining defects so it 1s inpossibxe for RT1il1 to Tead or write
unreliable sectors. This-ensures that errors will :‘occur if a
vrogram ever tries to write into a defective area, not just at
some future time when a program attempts “to read back the data.

The  user should create ".BAD" files at " the locaticns
specified. as bad sectors so po RT11l orogram will ever attemnt to
use those areas.



Chapter IV Paze g

Ghapter IV

—_-—.-_—._-_. -

The WPCND MAC ffle defines several paramegers which affect

‘the assembly of the handler. 3By changing these parameter values

the user can customize the handler for his particular
application. The standard -condttional file is shown below:

WPCND.MAC 18-FEB-81
PRIAM EANDLER CONDITIONAL ASSEMBLY OPTIONS (RT11 V4.7)
. FOR THE PERITEX CORPORATION PRM-Q

-y *O wmo

~3PEM-Q INTERFACE DEFINITION

WPCSR= - 1771P¢- ©+7- - " ;STANDARD DEVICE. BASE ADDRESS.
;hPVEC-}"?A o IR ,ST%NDaPD INTEPRUPT VECTOR. .

§DISE GEOMETEY DEFINITIONS © ¢ G i1 T

WPEEAD— 3 L iNUMBER OF HEADS

WPCYLS= 561. °  ° . ;NUMBER OF CYLINDERS TO, USE

WPSPT= 34. """ % jNUMBER OF SECTORS PER TRACK
LOGICAL UNIT CONFIGURATION

NDRVS= 2 NUMBEE OF DRIVES ON TEIS CONTROLLER
NLUN= 4 NUMBER OF LOGICAL UNITS PER DRIVE

sNOTE: NDRVS*NLUN MUST BE LESS THAN OR EQUAL TC 8

yEANDLER OPTIONS
...EIS= @ ;EIS AVAILABLE? (=1 IF EIS IS AVAILABLE)

The PRM-Q interface definitions do not have to be changed
unless the user has changed the jumper selectable addresses on
the PEM-Q bcard. If the addresses have been changed., te sure
ghat the definitions correspond to the actual addresses on the

card. _

- The disk geometry definiticns depend on the type c¢f drive
being used. Sample values to use for different drive models are:

Drive: 1¢7e 3450 23504 33508 565¢
Cylinders: 19@ 525 561 561 1121
Heads: 4 5 Z 3 3
Sectors: 22 23 34 35 35

If tke user irplements defect mapvoirg on his drives, the
nurber of cylirders to use will have to be reduced.
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The- logical upit corfiguratior must te . determined by the

user, based on his- requirements.; The numher cf drives can range

from 1 to 4. . The number .of legical units per drive can range

‘from- 1 to 8. However, the. total .number o0f lcgical units (aumber

of legical vnits per drive times rumber cf drives) must de less
than or equal .to eight. Also rewember that no logical unit can
contain more than 35K blorks (32MB).

: The hardler option is simple. If the ...EIS. parameter i<
set to a non-zero - value the DIV instruction will te used im place
of a scftware divide loop. This shorters the handler by a few
words ard speeds up the entry section slightly.

There are three syszen optiens which affect device handlers:
extended - memory,. < error. logging, and timer support. If any of
these- options 1is’ being used . the. system conditional file

{SYCND.MAC). created when the . system vas zen ‘d will have to te

included 1n the assembly of the handler.

Ccpy the SYCND file te the disk being used for the VWP
handler-assemtly.. Then edit the command f1le WP.COM. Change the

-line:

MACRO/0BJ:WP/ALLOC:12/LIST:WP/CRO:S/SHOW :MEB WPCND+WP

to ‘read:

fMﬁCRQ/OBJ:ﬂP/ALLOC:IG/LIST:WP/CRO:S/SHOW:MEB SYCND+WPCND+WP

~I4# -error logging is used then the file ERRTXT.MAC supplied
with .the WP distribution kit will have tc be used in place of the

‘stendard file which came with the V4  release kit. ERETIT is
- assembled and - then . .linked with ERROUT as described in the RT11

ﬁé;ZvSeﬁtyare¢Support_pqnqal page 7-37.

. Generating The Handler

Cnce ~the procedures specified in the previous two sections
have. been. completed, .the hardler can be generated by executing

‘the-indireet. command file WP.COM., The files generated by this
-operation are: ' o

" WP.OBJ, WP.LST, WP.SYG, WP.MAP

- If . memcry managemert was enabdbled these files should te

“renamed:

¥PX.0BJ, WPX.LST, WPY.SYG, WPX.MAP



