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S ) ..This repont cxamines the Tnterface (both herdware zng ‘3
. ! . .
csofayared, under'RT-11,'bctueeq the POP-11 processor and the
’ " RKC® cisk drive . This Link is Logkec ot with the ocbjective g
) of " connecting drives. from other menufecturers to the .
. .‘ ~ ) l' B )
v S processor., . )
Ca -
N 1
. . The processor 1s linked to othur agevices by & set of j
signal Lines cclled the-Unibus., 'The  disk drive does not )
contsin the hardwere .to communicete via-the Unibus , this | ¢
. R . N ,r' . R »
cirguitry is placcd in the disk controldler. The adventage’
- of “this configurstion is that one controller can henale .
' ' _ . | ) ’ ‘ .
o communicztions for more thah one drive, decreasihg the cost ‘ :
' - ' Kl . : T s i
- of expanding storage capacity. .
‘ ' ) o N g
. Input/Output (1/0) transfers in RT-11 zre.handled by .
, . S . ‘ P ) ZV/ '
, the monitor through routines known as device  husdlers. A :
. . . R . @
handler 1is wused to transfer data between physical devices
and memory, cach device type hzving its own handLer.‘ .
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Chepter 1

v ’ '

The Unibus is ¢ sct of ;1gnat lines thet connect™s th:
processor, . memory ond qeriphlral devices., The Unibus has
one’51nglc p{otocql which dcefines the procedures wused for
communicction between any two dcvicés conntcted/on the bus.

Dete’is transmittced on the bus gither ¢s 16 bit words or O

, 4 !
bit bytes. Data s exchenged between a master and ¢ sleve.
i

1

Cnly one mester amc one slave can exist at cny one.timc.
» )

a

A aevice m2oy request use of the bus whun it

.

is ready

for 2 date transfcr. Severel regquests mey be outstanding at
- 1

L]
¢ time. ,The arbitrztor .dmplements 2 scheme to ﬂetermi%e

whlich device will obtcin use of the datz section of the bus,
when it becomes free, This device will -"bBecome next bus

master. The moster then determines which device will become

sleve by placing-the 2ddress of the slave device on the bus.

1

the bus &zt the end of the

The bus mester releases comtrol .of

date transfer and cnother master may tcke control.

+
,

v . . .
A device that is cepable of being bus master requests

—

use of the Unibus in order to:

1) do I1/0 directiy with memary or another device i.e. disk
to display terminal .

’ -
® v , e -~ '

e

[ 2N




v . ’q\

o

(Y]

¢) ‘interrupt the gﬁfcessor anc¢ force it to fxecute cOode ot o
en

specified, addres where interrupt gervice routine
resides.
. - NPR
™ - ‘rm7r\
) ; - ‘ . N#
o - : BKS
- ;
] g ! J
3 B LTl ¢ h D
] A" .
' i
N .
BGS |+
866 —
. B67 -
NP p— -
4 - ¥
0 . -
Figure J.1 Bus configuretion
\ A R

L

1) Device priorities are determined by which signal Line
they are tied to.

" 2). device will neceiﬁe grant at same level as reguest ‘was

mzde i.e.’ BG5S for 2 BRS . - '
3) bevice B #nd device D are at the same priority. If they
both have an outstanding jeaquest, device B will .receive
grant first, ° . N ‘

4) A device may be connméctcd to more than ene signal Line.

A disk controlier would be susch a device. bata transfers
occur with an MPR request, interrupts with the BRn request.
. u . .

Py

To wuse the Unibus a ‘device must first * obtain

- -

2

_permission from - the arbitrator and then carry out the

-

N . . ,
r?quired‘transfer. While. one mastér is using the bus,
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arbitretion

Unibus

»

& different set of lines. “Therefore, tha

into two secfions; the

el

. A 4
broken down

the gata trensfer section.
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Arbitratvan Section: -

s \

The bus arbitrator 1s a lugic circuit  that  compares

prworwaies trom devices rogursting the use of the dats -

x

section of the bus, 1n order to determing which gevice 15 _to

b2 gronteo control next., A Unibus must haove only one
N . . “ =,
wrprtretor, The orbitrator monitors the priority level of

the 1nterrupt frelerng processor ond five hordwere prigraity

levels to whicth other gevices ofe connccijd. A sign:l Lineg

- -

18 dedrcctecc to ach of these levels ¢na coch Signal Lline s

driven by all devices assxgnec'to.tne pricrity. level. The .

-

arbitretor 1Ssucs O grent to the highest pfwor1ty rique st

BCLIVL . . . \
R
¢ Y

Theeefwt quce st Lines are labeled PRL,BRS,0RE ,BR7,NPR

tfrom lowesy to highest priority. The (PU priority (PRI) can

vory from G to 7. The srbitrator algorithm is then :

1. Grent &zn MPG whenever sn NPR is rTecteivel.
¢. if PRI < 7 and ERY then c¢ssert EBGY ‘ :
if PRI < 6 ind BRé then assert BG6 .
1f PRT-< 5 ind ERS then esscrt BG5S -
1@ PRI < 4 snd ER4 them zssert BG4
\ S
- y .

) . C . Y
Gregnt Llines are transmission lines in which anly the

device electrically closest. to the signal recerves the

., s o

signal. This device either transmits or ¢oes not transmit
;oo : 3 .

the si?ﬂal to the next device on the samg¢ Line. The device
| . . N . <

. . 'Y
will retransmit the signal only 1if it does not have an

. N . - ¥
cctive request. In the case of two devices a;n)the same

priority- Llevel, both asserting a request, thg oneg

° ©
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elecrically closer to the erbitretor wrll receave
- ,

- 4 -

the grant

tirst, ¢na therefore is considered to have higher priority.
§ L4 7

*In teble 1.1 4s o Listof signals used by erbitration

. =
seguences,

\
15 shown 1n figure 1,2,

A taming wicgrem for on crbitration troinsaction

'y / N
, |Lo of -
Label|lines hame ‘ Function \
PR 1 Non processor request |Request bus for data transfér
PG 1‘ Non processorssgrant Grant bus for datd transfer
BRn 4L |Bus request ¢{Request bus (interrupt) ~
BGn L  |Bus zrant Grant bus (1interrupt) .
SACK 1 Selection acknowledre jAcknowledge grant
BR3Y 1 Bus husy Bug data sectlon in use
“« Table 1.1
' I
Y '
1
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GRANT ]

- E) -

SACK

\
$BSY

)|
B sccreo

[:] NEGATED

RN
Figure 1.2 Aﬁeitration sequence , N

" , \
./%CVice asserts o request Lline (BRn or NPR)
. Device reccives grant) from zrbitrator. ~—
In response to ecvent ‘2, device asserts SACK.
In rosponse to ev¢nt 2, device -negates request.
Arbitritor negatels grant in response to event *.
Device becomes bus master. k p
Device negates SACK. .This czn occur anytime between
events 6 znd 8. Arbitration for next mester begins &t
this point.
8. Device réleases the bus. -
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. the mester for the trensaction, i.c. DATI (deta 1n) mecans
the d;ster is requesting uste frog thé slave. The mester
"thén asserts its syncronization line.:

- dé%hc sleve decodes the éddress and control lines ana
acgep%s or places duta on the dcto Llines. The slave then’
asserts its ‘syncronization Uline. ~~The mester would  now

o , oA

Date Transfér Section

A dzte trensfer

v

signalling to zll other cevices  that 1t s

mester.

begins Qhen 2 duevice csserts BBSY, .

a The

master then puts th. aadress of the slave, the.control bits,

cna  the acte ,when cppliceble, on thear

Lincs. The control bits indicate the

trensfor.

N

respective

direction of

!

Unibus

the

This direction 1s always defined in rola(igg/}a

aCQEDt the dats 1f appliceble, cnd negaote ats

syncronization

line. The transaction is now complecte. If the master has
morc than one trensfer to e§QCU£c, it would w2it for the_
slave to necgete its sypcronizet%on line and-start its next

When the

transfer by plecing a new address on the Unibus.

master is finished it negeates DBSY.

.
v
- A

ALY
]

, : .
The master must alwayd negate its syhcronizatian

‘

signal prior to removing the address and control s?énals.

This is done to assure that s spurious selection is not made

while thélaqgress Lines_are changing.

.In the <case of &n interrupt transaction, the master
. e )

pleces the inter{ggt vector on thie D lines and then asserts

™~ 7

*

»




N g | . -5 .
INTR. The processor strobes the D Llines and asserts ats

syncronization signal. The mgstax responds by neqating

INTR, followed by ncogation of EBBSY.

The master must assert INTR prior to nogeting SACK_to

efsure thet  the s&srbitrotor dces not become active during
. ) N

this dintecrrupt) transaction. The arbitrator - shoulc not

cccept v furthur interrupts until the processor  has

estaeblished tts new priority level. o

L

A description of the signcls in  this

section 1is

provided in tuble 1.2 . The figures 1.5 to 1.5 show timing

diaﬁrams for an dinterrupt tremscction, DATI and DATO

»

respectively.

4

o of . -
Label [1ines Name Functlion

-

MSYN 1 |Master. syncronization|Master timing
SSYN 1 |Slave syncronization /|Slave timing

INTR 1 |Interrupt Interrupt request
D 16 |Data lines Information transfer
A 18 |Address lines Select slave device
co,cl 2 |Control lines Type of transfer
Table 1.2
' ,/"
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SACK

—f
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—i

wor I

D g
INTR T

s T

" v
[:] NEGATED . ASSERTED
4
Figure 1.3 lnterrupt timing gingram
- 1. Device begomes bus moster.
¢. Interrupt vector is placed an O Cines..
. Mester csserts INTR.
4. Mester negetes SACK.
5. Processor strobes D Limes ana ‘asserts SSYN.
6. Master removes interrupt vector.
7. Master negates INTR. ’
£. Master negates BBSY.
Y. Proccssor negates SSYN.
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Figure 1:% DATI timtng aiagrim

( s -~
Master loads A and c L1n£s.
Master asserts MSYN, .
ave places data on D Lines.’ .'
°Lave asserts SSYN. ) . )
On receipt of SSYN Master-negates MSYN
Master removes A and C lineés..

(Y

Master negates BBSY. .- - . .
Slave removes date frem D i1nes.

Stave negates SSYN. : #

A
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1,
2.
3.

b

5
6.
7.

4
-

—
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o

NEGATED

. RS'SERTED ; »

[ .
¢

F?guré 1.5 DATO timing diagram ,

Master tvads A,€ and D, lines. -

Master asserts MSYN, .
Staverafter strobing data Llines asserts SSYN,
‘Jlaster removes data tines and negates MSYN.
(SLave negates S$§ .

Master removes A and C L1nes.

Master relézses the bus. | o
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Choepter 11
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Th. RKUO5 “disk ‘drive provides' @ szfc operating

environment to the disk,eand 1nterfuc s to the controlier. A

functionel block diagrem is provided in figure 2.1 .

~ ]

To start the drive, the disk cortridge must be

entered, the ovoor closcd and the RUN switch depressed. The

£

' drive-will ensure thet the cartridge is properly seated ond

-

the door is locked before actiyeting the spindle. With the
« »

disk roteting at proper speed, tGe hesds are loaded. . The

specd of rotation 1is imporpant to ensure ‘that the heads will

’ fly ét the proper distance from thc disk surface. , ‘

K 'ﬁﬁf The drive .contains Logic to provent addrgssing*of
cylinuers beyond cytinder 202(10). This is done to prevent
\ : t

‘ damage ihat could be coused when excecding the Lihi&s of the

linear positioner, tAe device which controls head motion.

1
-

. ‘ ‘, FiQe signal- Llines are for drive addréssing (figﬁre
2.2). RK11D-L determines the addressing. mode. A .logical
“0" on.c-this Lline means that’ S£L bR 0-3 Lines are ﬁP‘be
. - decoded as 2 linear set (4«drive max). A logical my ﬁ;ané

decode &s e binary set (8 drive max). _The;ﬁontrolier places

. .-

LT . - =13 -
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-
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N - 14 -

the <cylinder <cddress on  Llines BUS CYLLADD L=7 ind then

ptaces « logicel "1" on the STRUPE ling to ‘gote the o gi

arive cecoder carcuit. With the corrcct sector under the

- .
reco/write hecds, the controller enables ¢ rezd or write-

fuﬁction by Seleét1vély enabling HEAD SELECT, WT GATE,
RD GATE 6r'UT DATA + CLK. The WT PRCT l{nc has‘ the same
effect as the WT PRCT switch 06 the drive. The RESTORE line
s activated by the controfler when it 85 executing & Drivpo

Reset function. The drive does an internal reset .pa  the

reca/write hedds are positioned above cylinder (.

o

FILE READY s set towlogical "1" whenever the crive

is in 2 reﬁdy statc  i.e. ne error conditions and the
spindle s, at the correct speed. PUS R/W/S RDY indicetes,
tmat FILE READY exi;ts end  the read/wri?? ~heads ere
s;Qiionary.‘l PDDRESS ACCEPTED / ADDRESS INVALID . inform the

.

controller the drive has accepted the oddress frpﬁ lines

BUS ABD (-7 or has rejected the operation due to an yﬁVYlid
‘ R - Ed Y

address. If the drive does not complete ¢ seek wﬂihip

280 ns the drivc asserts SEEK INCOMPLETE. WT PROT STATUS

+ b

'set indicates to the controller that the drive 1is write

‘protected, WRITE CHK indicates an 'error condition and the

[ . ,
drive FAULT indicatpr is lit.d

During 5 read operation, the selected read/write head

‘detec%s flux reversals from a recorded date track on. the
¢ -

disk surface. V.The'rﬁéd waveform is amplified, filtered to

remove high frequency hqise éomponents, and applied to wave
¥ . '

N -

5y - p— . W N B ¢ - N o e e e e m e vs b e G e ——— ——— 1 o ot . A oA -
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shﬂsing circuits,  The resulting waveform is passed through

7 ‘x hd

¢.dats separator circuit which produces PRD DATA and RD CLK.

. . Pl

Do Ys PR et e

The Ltines SEC CNTR C-2. contain the scdress of the

»,

Current sectog under the rcad/write heads. The dirve =zlso <

¢ f‘ asserts two Lines, SEC PES and INDX PLS, indiczting a change

¢

.of scctor and pmixt sector is sector O, respectively. The ?
| 4 ‘ s !
drive derives these pulses from the sector transaucer, on <\\
opticel «device which detects slots in the disk hub.,
¢
. )
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Figure 2.1 RKG5 functional block dvagranm
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| - ¥} 0C LOw
‘ } - , < — | FILE READY
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Chapter 111 - “~

. The RK11  cisk controller 1s the interfoce betyien the

RKGS disk crive end the rest of  the computer. The RK1H1

1
b . .
contcins scven 16 bit progremmzble registers, acddressable

¢

from th(/Unibus. It is cupable_of & functions. The sector

4

formgt ?utput by the RK11 is shown in figure 2.1 .

PREAMBﬂ@ HEADER DATA CHECKSUM ﬁgFTAMBLE
15, Worg ' Cylinder | 256, (400,) Words Sector 1 Werd
of Zeroes . Address . | (16-Bit or 18-Bit) Checksum * of Zeroes
(1 Word) (1 Word&
‘ . Figure 5.1 Sector formet
e o
The RK11 functions ure : | '
: - \ —t
CCNTRCL RESET Resets all RK11 registers (internal ond

programmabge) .

f
SEEK The RK11 directs the dMive to move its

B hecad méchenism to ¢ s ified cylinder.
T ™~ . y
DRIVE RESET The <controller osctivates b the N E

line on the PR bus, czusing the drive to

R reset.
WRITE LOCK - . The RK11 agserts the WT PROTECT Line on
" the DR bus. The drive will &assert
P WT PROT STATUS from then on, . This can

be switched gff by operat1ng the WT PROT
switch on the drwve.

~

The next four functions all begiﬂ*with the following :
a) a seek to the cylinder ¢ddress

IR v, contained in the RKDA register.

s il CTENO el a1 o

g,

Y

‘-* B S S s
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\ ) =1y -
’ ~ v .
, b) rcading = header word to vervfy that

the proper cylinder h7s becn'roachau.

WRITE Using the .darcss Sertrc  RKBA .register

—_ the RK11 obtains dite from memory by MPR
transfers. The controller writes = full
sector 1.e. preamble thru postamble.

READ . Data 1s reazc from the Jd1sk  ona
transferred to memcry by NPR trinsfers.,
The chccksum is verif1ed.] ‘

VRITE CHECK The controllicr compercs d:ite from the

- drive with deta obtainéd from memory by.
NPR's. Thz chuecksum is verifycd. . ’
N . ) - /

READ CHECK Th« checksum s colculcoted end comparcd,
with the checkjum read from the (disk,
drive. Mo NPRNronsfers occur. -

o ‘ B
Diggrems of the RK11 registers a}c provided 1m the
/ . + .
appengiIx.
© ~—— ¥ -~
Undur normel read/write operations, o hzider worg will
R : , ¥
be verified to determine that the correct cylinaer has been
reached. MWhen the forﬂz;.bit (RKCS 18) 15 set, the header
uo;d checkt 14 inhibited. A program could set the “format
. 4
B1t, write jros to every sector , ¢nd thus format the disk./
A Y, It s fcési%?e ta format only one sector, buf® the data on

that sector is lost.

J 7 e
.. The maximum seek time  for the RKGS 1s S80ms. A

descriptionrof the §eek function fglkows.‘ }hehucylinder

cddress is sét in the control’lér RKDA register and pas{:E on:
. . ,

to the disk drive. -The_ controtler waits “for Pxither

ADDRESS ACCFPTED or AbbRéSS INVALID flom the disk ériQe and

interrupts " the processor. The RK11 sets an ‘internal

- . *
L kI NRN - PN e cmom e A e B e R W W et e .
. -

“ »

0 ! " x o
S u . . -
o RS e

L‘W“ ,J,‘ s L ’
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i -

flip-flop (1 flip-flop per drivc) to indiceate thot a seck

~

w83 imitircted on this driv.. The drive is now still moving

v

LR L

the rcea/write ﬁchds - The controller 1s now free to do

znofher function. A stck  to  another draive could now be 4
A . “

initicted. Thas fcatore 18 knoqp as ovirlapped scek. 4WUsing

overlepped scek 1s very ougentigeous, os scek  time s

o

, v
. Lerge percentege of Yotcal disk ccgess time.-

t N .

While the, ‘tentroller 1s idle 1t does ¢ poll to sec¢ if

P eny arive has completed ¢ sceck, If it finds:- oneg, it sets
. 3 . ) P . A;..' -
A the SCP b1t (RKCS 12) and initictes cnother intuqrubt.to"the

’ » .

. ;
. prgcessor .. This second interrupt is only genersted for .

w

. .o Seck brive Reset function, not for the implied’ secek in
A+ 4 - P r

. . « a the othes functions,s -

Read and write operations ‘begin with fn 2utomftic scek.

- If the- hecds cre already above the proper ¢

. ‘ R/W/S RDY (3ne on the DR bu¥ is immedictely asserted by the
: . < : §
drive . Tfe controller continues executing/ﬁhe est of the ) e
4

-

3

[o 8

43

-

-

+

e o

o

- B
WM@ B AT S -

« = 0 .
function . : °

. .
« : v,

., . Figurt 3.2 shows the dazta psths- from 'the Unibus,

v

. - M ~ N .
3 e A ST BN R R

through the RK11 controller to the disk,drive. The data to
I\ . .

) . be transfcrred to/from the drive passes through, a buffer

v o called the & Word File . The buffering allows other devices
. * . ’ .

to use the Unibus during a controller function. ®therwise
'S ' - :

&

. the Qi:tro{ler woukd hold the Unibys for a full 2,8 ms , the ;
) . N “ 4 b .

time to read .or write & sectorgof data.
Y,
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{osding t
contains

; intrrrupt

A

¢ 4,7. Lis
Th

form of

v

Chopter 1V

3

he controchr" r\'egisters.to initiate 1/0, and.

A}

code the processor executes when the RK11 dgsgsues en

¢

. This routine is céellea the RK11 disk hendler.

o

flow dicgram of the hancler js provided in figlre
5 ’ '

tings are aveilable ih the eppendix.

1

¢ I/C pcorameters cre possed to the hondler iﬁ the

a teble called en 120 queucelement'. The contents

Y.of this queue element are @ . . \ o

[
“Word
1

nd
(4

a e et e e o e o

. o
e A~ it ad e s s B bl ke ot e e =

Contents

. Pointer tp next queue egfmcnt.
Pointer to (SW area. oo = \\'
" Physical deyice address. (scctor
number)

-Unit number of devicoe to be used..

]
Memory address to start transfer.
Word count. A value >0 idndicates o
read, a valug =0cis a seek, and a wvalue
. X0 is a write. - ‘

g n gy o o A B ey i oy it - < - a - .

When wusing RT11,- therc is @ routine whichk handlcs 4
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. Completion function.

¢ G = Wuit for I/0C transfer to completc.
L = Return wfter quouing request. No
action on completion.
M = Return after quouing request, _On
completion, tronsfer to completfon
routine, ot ¢ddress N.

-

ALL 1/C requests are trensleted by RT11 into & queue ¢lement

\

wnd an antry into the zppropriste handler.

v

Teking date froﬁ this duecue chment,‘ the handler
loads the controtler registers. Look%ng 'at “the flow
diagrem, the first proceddre conv?;ts the disk coddrcss . to-

. the formzt of the RKDA. ‘The fecct thgt there 2re only 12040)
sectors per traék ncc%ssitatcs th%s gonvorsion. 8; the sign
of the woru count value, thé handler dctermines whether the
operation is a rcad, seek, or write. When the recedy . bit
(RKCS‘ 7y is set, the handler initigtes the nqw'funtt1on.'

The handler then exits back to the queue mconager.

After an interrupt from the RK11, the processor witl
begin executing code ¢t label RKINT (f{gure 4.1). If no.
errors occured, the hanmdler saves some registers znd returns
control to the 1/0 queue éompLetion routince, If errors have \*’),
! occug;d, the handley issues a drive reset to the c?ntkgilcr. , \
After & number of retries, ‘the handler sets thc error bit in

the CSW word and exits at to the 1/0 queue completion '

routine.

a

To set up the queue‘etemgnt for the handler 2 number

of RT11 routines are involved. To bette{ understand how

\

this is done, an overview of RT11 will now be presented.

- S

-

< ¢ =a N . . : . [N )
Al
- ke e g om  a i e - g e e . . o, IR R I ™ A &v/»r-q-o--np.d.’o‘w--‘
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To do ¢/0 to =& file on disk, the user must first 1
éssociete the file with a channel number, This operation s ;
\} .
known as a filc "open”. Th® user then -secs the file as )a ]

. . S
coliection of blocks, cach block being one physical wfctor

= -

of.dataq Plock no. 1 is the 1irst'sec;or of the filc. Tﬂe -

N . 3,

user does input cnd oufdut by specifying the block: number to i é

. trensfer on & specjfip,channet. ¥hen the uscer is finished  » ?
with the f%te, he must “close™ it. This dissociates the
I thunnel from the file ond causes.m RT17 to do some disk
dircctory upd:ting (when aﬁpLicabLe). Té(dbs:ribe th; \RTW1

, intcrnaté, ve will stert with the directory structure. ) f

a
Y
-
TN

*
. -
[
.
< |
il ~
'
~
. ”,
{
|
R f
>
. v >
. » ‘
: ‘
| v ! \
v
s
.
b ¢
< .
¥ “
} .
& .
z Ay
. .
E - G
L] o
.
é I3
‘ . . . . 4 . 4
. ! "’ . )
L DRSPS S , e e A e . W N W e D — - vq"r'n—oo-‘n—-——--"—-wm.-w-...‘v~r~"‘i~"" "
- * . . -
, o . . . ' N . < .
> . L Y ' - A S &

s ’{

. . . | s Iy
- rn‘gn--;au.. WA - kB i aan, 4 TR
iy - - . S o

-




" b - - v » / ¥
. Y ;
5 i
- "5 ;
-— d -—
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START . RAINT
. REAGN ’
Convert dlisk ®
address - .
tc RKba format
© : RKLRA
‘Load.lmDA' Lo Urive geset T~ .
Load RKBA i \ ‘
' ;
PXIT
¢btain function
from word count Arcthe 3 .
’ Gl try i
- Load 'RKWC . RLH ( i
save resisters ) }
walt for RL11 ! ‘ REOUT? ’ . ,%
reaay 1/0 queue ‘ Set error bit .
completion - in csW word °
Queue mapacer , ’ ’ . . ’ -
, AKH T :
. ) . {
% -
. . 3, .
Figure 4.1 RK11 handler flow diagram
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a,

- . ’ ™
BT11 directQry structure w

» ’ - \vr : . \ »

a
RT11 Looks-for‘the start of the dircctory on iny disk

) ' ¢t sector no. 6\ The cquleté directory cen be made up of
from 1 to‘31 segments, each ,512 words' (2 sectors) Llong.

Each directory ;ogment contains 5 hecder words, the

remeining SL? are fo:’fite entrics. /Each file entby is 7

wWOords Loﬁg ; qonta1nin; the filename, file length, ahd the

daté of file creation. The user'may acd some "extre words"

-

to ecch file entry for additionmal informFtion.

[y

File entries are agded fo-a segmeht"until it ois full.
When add%ng‘ the next file eftry,~hatf thé entrics are Left
in this segment gnd half are entercd into 'the next segment .
Thus, the maximum number of files that con be stored in an N
segﬁqnt directory are N*507 / (2*(7+n))w or " 36 files per

‘ segment if there are no extre words (n=().
/. ' il 1

The hgader words in a directory segment zre as

’ ¢ follows d
A
' Word . + _Content'~ . -
1 , . Total number of segments in the
. directory. -
" " -\ . R . . ” N
2 ' . Pointer to nex{ logikal directory
. segment, '
* ' " ) Highest segment currently in use (1st
i segment only).
; & Number of extra words per fite entry.
. “ -~
! ) 5 - “Block number where files in this segment
v L : begin. ‘
t -~

M - I Bitrggt s AR & =
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The formet of & file entry 1is

Word . Content -
1 Even byte Used for tentative filcs only. gointer
} “ . to the $CSW element zssociated with this
filE. . ! -

g -
~ A M

o

i \ .
0dd bytee Type of file 1i.r. tentative, enpty,
permenent or end of segment merker.

-4 T - Filename in RADSC.
w
5 File length.

¢ .Qot currently used.

7 - " Date of crection.

ALL files ere contiguous, so the starting sector and

-
length of the file are sufficient to locate cny block in the

'

file. When a file is deléted. an empty file entry is made to

the directory.

Figure 4.2 showsa the RT11 routines involve¢ in

finding ¢ filename in & diréctory. Start at’ Label  DLEET.
The routine BLKCHK checks which directory segment is in
memory, if not the first one, it will call.SEGRW to read 1in

the first segment. ENTRY, scans the file.entries in the

“segment in memory one by one. If the filename entry 1is

found, a FILE FOUND exit is taken. If no match is found, an

exit 1is .made to routine NXBLK. MXBLK checks the next

segMent pointer, and if it is not, 0 (end of directory), it

catls SEéRH to reat din the next segment. If the end of
. . ) /é;
directory is reached, a_NO FILE FOUND exit is taken.

"y
toe + *

B
£}
¥

1
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:
[ BLKCHK X
|

INTO MEMORY

: OK :
ENTRY \ NOT IN THIS [/  NXBLK =\,

SEGMENT

K GET A SEGMFNT

FIND A GET HEXT
PERMANENT s DIRECTORY
ENTRY ’ SEGMENT N
‘ . , NO FILFE

' FOUND

IS IT THE
CORRECT
NAME?

* FiLe FouND ' -
\S .
UPDATE FILE -- THE START BLOCK OF THE -
e START BLOCK; FILE 15 UPDATED FOR
v POINT TO NEXT ' USE IN LOOKUP
ENTRY )
M » [ §
) -

NXBLK - Gets the next in the series of directory segments, if one

exists.

A

NO MORE .
SEGMENTS

1s
THERE ONE
MORE SEGMENT

» PUT SEGMENT 4
J INTO CSW FOR
‘ BLKCHK

BLKCHK IS TREATED AS A
. CONTINUATION OF NXBLK, ¢

— —_ ALTHOUGH IT IS A SUB- .

1)

Figure 4.2 Scan device directory
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1

File=Channel Assignment

-»
The objective of ¢ file ogen s to update the SLSW

‘~ 1 »

(;thneL status word) tzble uitJ“'pointérs to the file,
Feving the file locetion 1n memo,ry QiL% spoed furthur'f/o to
the fitc. The farmazt,of & tablc clcmcﬁv'\is provided in

figure 4.2. Cne¢, sych entry is mide for every channel opened

v

by the uécr.

WORD 15 0 SR
4 Channel Status Word '
V e Otart hlock'
File let.eth \ ‘
bata lenszth
Device 1/0 count

[

WM S W

Lyc ‘ 3 Al

e

b}

~

Figure 4.7 $CSW table element

~ Hard <rrar bit ~
- Index to physical device table

~ When set, a Rename is -in progress .
When set, o Close requires a d1rectory rewr1te ’ t
=~ Segment no. in which file entry was found

» When set, an EOF was found on this channel

~ When set, 2 file is open on this channel

The user opens a file by means of a “programmed

request”. A programmed reguest is an assembler macro call

<

- 2 =

A vl

&

- P I T i
.“;,f il



-~
I - . - ¢ -
- s
which 15 interpreted by the monitor during program
)
. © exuCution. The are two programmcu requests to opcn & \fitc,

pne to create a new file ( JEMTER) &nd one to cccess an

- | N

| 4
The formet of tpe .ENTER requcst 1s

existing fil2 (.LOOKUP).

"LENTER arec,chin,dblk,length

a
crea is 2 pointcr to work-spece required for
the macro cxpansion. »
than .‘ is the channel Aumber.
oblk 15 a pointer to the filename in RADSC.
length ’ is a file size specificetion.
-1 means take | the lergest space

availeble.
U mceens take the Lerger of 1/2 the
largeste: space or the second Llaorgest
spate. )
“ N means open a file of size M blocks.
. ~ .

Figure 4.4 contaﬁhs a flow dizgrcm of the L(ENTER
& ’

N l ) «
programmed request. The First routine, USRCOM, essures thet

L2
) the specified chennel is not already in wuse. and does
validation on the device name., For a. directory structured
device, it calls routine BLKGWK to read the first segment
" . o, . 5
"\“‘Q C e into meméry and exits to CONSOL. This routine <consolidates

consecutive empty entries info one larger empty;eh{i;‘(an

.

émpty entry is a fileryentry indicating the presenc of

- * unused blocks). ENTRY then scans this segment and examines

cach empty entry.

If a.0 or -1 file Llength specificatidn was given, the

whole directory is examined and a table with the two largest
‘ .

¢ -
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- 71 -

empty.entrics is mainteinco. A tentotive file entry ic then
' -
mede in the oppropriate segment with . length as described

above (,.ENTER'request format) . R r:

A

In the ccse of o fixed luength (ENTER, ecch®empty

entry is checked-t1ll one large enough to accomodate the
file is found (label 157 in figure 4.4 pert ¢). Adding the
< ;
/\
tentative cntry may cause o segment overflow. Figure 4.5

shows how the new segment »1s linked to the directory.

The formet of the .LOOKUP request is

.LOOKUP arca,chén,dblk

eree . is & pointer te & S5 word wbr:‘:%acc
required in  the programmed request

expansion for ergument passing.

chan is the channel number
dblk A is a pointer to the fileneme in RADSOQO
» R

Figure 4.4 show ¢ flow diagrem of this programmed

‘request. Start at the Label LOOKUP. The routine’ USRCCM

checks "that the channel speéified is not slready open and
\
that the device in the filename specification ?: a ‘valid
device. PSRCOM then updétes the (SW word with ;he inaex to’
the physical devic;-table and‘the;chanhel active bit. The
next routine executgy idyDLEET, the diregiory scan routine
already described. 1If the FILE FOUND exit is taken, the CSW
word is updated‘ with the directory \segment numper the

filkname was found .in. 1In addition the $CSW element is

updated with the starting block of the file, the file Length
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D
+ .- .T -
. .,
’
<y
L]
v 4+
DO CHANNEL :
\ SETUP .
, 1 NONFILE ’
s . COMXIT g
) SPECIAL
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READ IN THE
EXT DIREC-
:TORY SEG
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‘ N\ LARGEST EMPTY
MAKE THIS RE- .
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ENTER FOR THIS
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- BLXCHK THE CORRECT SEGMENT
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THERE
ANOTHER
SEG?

POINT TO THE
ENTRY WHICH IS
1/2 WAY DOWN
"IN SEGMENT

. ET FIRST PER-

. , MANENT ENTRY

AFTER 1/2 WAY
POINT

"] MARK THTS AS
/END OF SEG;

"<¥——’f%xux THIS SEG
‘ 1 TO NEW ONE

WRITE
SHORTENED .
SEGMENT

WRITE OUT
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UPDATE THE
'HIGH BLOCK IN
USE' WORD IN
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TURN ON RENAME -=-=~THIS SERVES AS RENAME FLAG. \

BIT IN CHANNEL{ .

" WORD ¥ : .
- ( vookur ) ‘
f i

USRCOM
' -=-=-=COMMON OPERATION IN OPENING A

-
FHANNEL

P ____DEVICE IS NONFILE-
>\ LNFILE STRUCTURED t
: ‘ SPLOOK ----PEVICE HAS ITS OWN FILE
., " STRUCTURE (MT,CT). .

--------------------- GET A PERMANENT FILE OF THE
AN A\ SPECIFIED NAME.

» ' EMT ERROR

#l; FILE NOT COMXIT ‘

FOUND ’ .
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FILE NAME
Py 4
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, ——__ CODE AT .
FILL IN a 9L°C°M> CLOSE.
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File Input/Outpbt

The progremmed rcadest format for input and output

are ! ‘
- READW’ efca,chan,buff,went, blk
WRITW arca,chan,buff, went, blk
area is a pointer to ¢ work crea for macro
(/ ‘expansion
v-eﬂ chean is the chwennel number i
Eld X
" buff is. the storting wddress in*. memory
from/to which daota will be transfered
. wont , is number of words to be transfered
. blk is the block na. in the file at which
the transfer will begin
~ Y
P
v ° Flow diaérams of read and write reg®csts arc provided

in figures 4.7 and 4.8, For bof%.‘requésts, the first
routine entered. is TSWCNT. This‘routine checks that' the
memory'locations dnvolved in the transféé are in the QSEP'S
job sﬁace and: if the data transfer\uill.egceeq the file's
length. For -the write request, if the file was opened gy“an
# ENTER réquest and the cur‘renlt v‘r’i'te is to ~,:a hi.gher b%o.ck'
than any previoﬁs urite; the data length word in thef$cswf
; element is updated. The rest of the code,'from NFRBAD on,

14

is common to both requests. -

I
_NFREAD does some error checking and verifies the
L andler is “in memory. The user is responsible for loading

the handler into memary unless the device being accessﬁﬁﬁhs
» -~ . .
1 o - of the same type as the system  device <(the system device ‘
° - . 1
{ i . . , t

.
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v

- 1

¢

I -
handler is  aluways in core). The\fit{ﬂs block number is then

converted to o physical'sector number.
=

‘ QNANGR * picks up the parzmeters of the transfer and
builds a'{&eue element. If the  handler s availuble, jt
passe’s the queue efement directly to the handler.
Otherwise, its queue chmént is Llinked intoc the Llist ’of
outstending elements for this device. In any case, the
handler eventually is given.the aucuc'etcment und injtiétes
the transfer, When the traonsfer is finished /;ho RK11

~

produces an interrupt, the handler stores some rogister

‘vetues and exits to the I/6 queue completion routine (lebel

»

COMPLT n figurc 4.9 part 2). This routinc then removes the

queue element for the completed transfer and returns control

°

to the user prograom.
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SET EOF ERROR ;
BIT

L

EOF

Fz 4
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.

UPDATE THE
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CHANGE THE CLOSING FILE
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Close Channel

[
The .CLO%F request terminates aetivity on a specified
channel. For ¢ file opened by a LOOKUP request, the S$CSW

element is cleered ; no furthur processing is required zs e

permenent entry already exists for this file on the .disk.

-

Ecch filename in asirectory must be uniquec. Before

closing the channel for &g tentative entry, the entire

directory must:be¢ scanned for a pcrmanent entry by the same

NEmMe . If one is found, the permanent entry is replaced by

an empty entry. The tentative entry is then reptaced by &
> .

permanent entry with *a lemgth equal to the highest block

written to the fwlg (contained in the $CSW element data’

'fength value).
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) ?Lusgey PM-DS11/40C . i
. L ) ’ . s %

Plecssey produces the 5520311/40 , & high capacity

(31.2Mbyte)ustorageﬁdevice for the PDP computers. This

‘ . . |

includes a 'PM-DC11/40 controllcr and ¢ PM-DDY1/40 drive. y

) . 3 . N
The specifications of the contyollcer to drive interfoce cre ]

not available7 ~

‘ The packs used iq this drive have six oxide recording
4

/

Qurfaces {3 platters). Five cere used for'data, the sixth
cqntains permanently recorded positioﬁ?ﬁg information (set
by the manu?acturer). " One track contains 20(10) sectors.
The sectors‘aré not numbered consecutively i.e. there is an

interlecve to provide time for buffering on. s multiple

3

. ) -~ *
s6ectOor access. There is wvery Little wasted space on a-

. Ry, . treck, the inter sector gap is only & - 37 bit ' words long.

his passes beneath the heads in .015ms ., hence.the .need for 4

interleave. « b ‘ '
’

The controtler writes data to the diskuas 3% bst
words. This format is adopted in order to ‘Se compatible
with other PODP 'serigs computers, ‘ﬁahely *the PDP-10 and
PDPﬁ15.' The controller packs two PDP;11 uo%ds togefher aﬁd,

-~

. - 64v7

;*W"’:"""‘ > —— - ,( d P ad

P



ety > e

cdds a 4 bit checksum and a parity bit.

, The header word of & sector contains the ?p{l disk

sddress i.c. cylinder, track and sector. In format mode,

with RKCS 11 and RKCS 12 seg\ the header word is sent to

3
memory «s threc words (iLLusprated ¢t the bottom of figure

5.1). ' 7
Y
The appenaix congains a detailecd description of the

controller ‘registers. The PM-DC11/40 does not <contain @

data buffer redister.‘ Such a8 register is npot required, as’

. v

the user would never want to do a read or a write to the
. .
disk, word by word, under program contral. The controller
i

contains ¢ 256(10)'16 bit word silo. buring a write

operation the silo must be filled before the data is

transcribed to the disk. buring o .read, the silo must
]

-

either be empty before the next sector is read, or the

“controller will begin emptying the silo at the maximum ~silo

. 13

transfer rate while the next sector is ?eing rezd. K
There are- two disk addreés registers, one for the

cylinder zddress (10 bits) and one for the track (5 bijs)

and sector (4 bits) information. Since the disk s

organized with 412¢10) cytinders, 5 trﬁcks/cylinder &nd

JG6C10) sectors/track, a hardwere addgesy tonversion must be

done., - s N . . \ .
Vg | " N
« Plessey has another drive (PM-DS11]86) uithféz.knbyte

capacity. This is achﬁevéd‘by halving the track ‘width and

\ v
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ﬁg1tal Equipmgnt - RP11 -y §
) \- ‘Sé
- The RP11 s e controller for an PPL2 disk drive with :
:‘ ’ ZOMbyté cepecity. Again,.)he control L€7 to drive interface
specification is not cvdileble, ¢ )
w7 ) <9 \
.{ “
.. The RRQZ drive accepts packs With 20 data surfaces.
7 i .
. g . Where the sector and  index pulgses are generated is not
o  ‘ ‘described., A7 bit disk word format is used,  the Last bit ’ 1
K . a . - .
- beingYa parity bit. "
.o - .
v v . L -N' ” . o ) v R [ 4 *
. @ _ Thé RP11 tontains .2 64(10) word silo o'f-16 bit words.
. t . . . L - . . .
e ) During & writc operetion, data #s shifted through the silo .
’ B L f to & buffer register and written tio the disk. For a read i
% : o operation,' the data enters the silo from the _buffer ;
| ) - :
B - tegister.. "When & new dgte word "bubbles” eo the outpyt, a g
' B LA , ' - :
- 'ﬂ? Unibus NPR transfer is initigted. A data buffer reglster is t
. v ¥y ) . . \d/ ) Y i
e P . brovided 1in this controller, for maintenarce -purposes~dnly. i
" ‘ ) 4 . a G .
5 . Tnis controller contains two disk address, registers. .
: The 'RPCA.contains 9 bits of cylinder-addiess, the RPDA has S - i
EY < « h . . &
§ " bits of ;traek fiddress and 4 bits of sedfor address. The :
[ . ¢ . . - ' -
%D - ’ L Y v
? disk structure is : 200 cylinders, 2C tracks/cylinder and 10 Lt
: : ‘ T .o T
¢ sectors/track. - v« Lo L oo
¥ . . - . oy ' %
4 \4 . ) aor ] A, / - .
'y '+ The RPN also contains three maintenance registers - - N
s ,  RPM1-RPM3.  These prqvide information, on the s¥te of the
. 3 . -
s - disk drive.and the conttoller to drive intérface, in a
' .spgciél maintenance mode. . T €
. ) ) , ’ v
\ I3 - ’08 = N 4 N
» ' -
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, Digital Equipmcn\t Cgrporat'ion also produces 3 dual , .
- * . \ \. -~
\ ‘ } density drjve, the RPC3, which operztes on this controllerd
’ ‘ re . -~ , “ :
' TN (40 Mbyte capacity). . P . |
0\ ‘, N ..1 .‘

H
t
i
- . - }
.
: . / :
. /
/
.
§
. .
) * . ]
. , ' l 3
« .
e
.
r
.
n\\‘ ‘
. . . C \
. [N
b
.
-
. <
x
y \ )
)
s
.
.
.
. .
‘ .
. .
.
—
i ° :
i -
. . P
E
.
. v ' \
3 » .
3 ' ¢
& i -
i
.
- 1
o v
. ~ ?
3 -
- .
.
.
R %
[ 3 -
F . .
N -
, .
P {
‘ é ’ &
. o
f - .
- .
. °
1) = '
f - . >
.
- - hd !
+ - i °
[ -
* -
" .




SPRORPPS

5 et GO T %

©

Ctamparison of PM-DC11/40 to RPI1

>

Plessey designed their controller to work on the
+

Unibus 2na to hcve the same register Llzayout &s the RP19
controller.. ALL the controller commands have the samec_ codes

and the error ststus bits are in the seme lLocations.

N
.

Thergforc, the RP11 handler will work with & PM=DCT1/40.
\ -

Plessey provides patches to the hzndler, but these probably
, ; ,
- .
just change the register assignments (the fegister. add;esses
4

are differend). ‘
' v ) )

The RP11 is a supported device under RT11 version J
(it was not under version 2). Throughout RT11 a .sMngle 46

bit kord is alloted for the starting sector of a file,

thereby Llimiting this value to 65,536. This is sufficient

Al

to hendle the Low density versions of both the RP11 and the

“ PH-DC11 which contsin 40,600 and 61,800  sectors

respectively., A way to expand this value would ?e to take a

bit from somewhere else. In the $CSW element a bit from the

&
» N

unit number word.could be.us?d. In the 1/0 queue clement
likewise. The disk directory however would also have to be

modified. ‘The RT11 version 3 manuals do not describe how
tw ;

N, “
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‘(;// Discussion J

To sﬂizs?izc the procedurc for doing I/0 under RT11
the u50r‘}opehé a ‘file _and is sssigned & buffer {or this
channel. The user m}n$putate§ deta in ;his buffer and giveso
cemmands to read/write ;nto the buffgr. RT11 trenslates the
request into ah\JIO queue ~Alement and the gqueue manage}
transfcxs the element to the disk hendler. The handLT;
éonta%ns all the device sqecific ,code ’ i.e.( knows t;e‘

.

ol
location ~and  format of all the disk controller registers,

and executes the data transfer.

To interface any drive to the machine the software
requirement 1is to have @ handler that the interface to RT11
and the disk controller. The hardware requirement is that

the disk controller be compatible with ‘Unibus protocol.

- 51 - ‘ .
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.¢ mixed population of these drives.

R Conclusion

’ .

Manufact’urers scem to produce z controller for drives
with di‘fTerent tapacities, usually one drive geing double
the capectiy of the other, The:control'ler céan be ddentical,
¢s everything about these drives js ident dical "cxcept the
density of the tracks. As U9ng as the controller hes a
spare bit in the cylinder address field , no pr‘oblem arjises.,

More sophisticated handlers even allow 2 contoller to handle

‘

*
As the wvelocity of the dri,ve.‘increas\esx and  the
density on the disk sur_face intreases, the buffering demands

incresse. < This can be seen with the RKOS (1500rpm/2000bpi)

haying a 4 word buffer ; RPOI (2400rpm/2200bpi) having' b4

= LN \
word buffer and the PM-11DS/40 (3600rpm/6000bpi) with a 256

»

. word buffer. The clock frequency is proportional to disk

velocity and "density. The, (frequenCy ratio for

RKTT,RP11,PM-11DS/40 is 131.6:7. S »

‘The RPU is not supporte‘d‘(oigita'l EQUipmeht does not.
supply a -handler) by RT11-V2 which is described in this
paper. This is undérstandable, as rthe SCSHfLement and the

1/0  queue element as described allow onl

i

" one 16bit word
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(64K /sector;‘v)l for a device block address. The RPO3 contains
EU,UCO(TU) settors. RT11-V3 does support the RP11 and hence
k changes to these tablesdhave been madc'; perhaps just placing
additional ad¢fes§ bits in the uhitwnuTber word‘o% the S$CsW

. P .
element and ﬁtﬁhe unit number byte of the I/0 queue element.
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DRIVE STATUS REGISTER (RKDS) o
Address = 777400 : , )
. NOTE :
‘ This register is a read-only register, and contains the selected
drive status and current sector address. -
DRIVE IDENT| DPL | RK0S | DRU | SIN | SOK | DRY [ R/w/s [wps SECTOR COUNTER
2,1,0 . RDY ' SA 3”2 L'Jlo
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1.0
Bit * Designation Description and Operation *
00-03 Sector Counter These 4,bits are the current sector address of. the sefected drive.
{8C) Sector address 00 is defined.as the sector following the scctor
‘ ' that contains the index pulsc.
< s , .
04 Sector Counter ~ Indicates that the disk heads are positioned over the disk address
C o Equals Sector - ‘currently held in the scctor address. . ' ]
Address (SC=8A) . ' . . : , -
» ’ 05 Write Prostect Scts when the selected disk is 1n the write‘protected mode.
' Status (WPS) '
? IS , 3 L
. i .
; .
) LS o . t ,
g -
¢ /o ’
’ ; ? ’
[ - - '; - - :
< ~
. | ;
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e el e e

Bit -

08

13-15

!

Designation

l Read/Write/Seek
» Ready (R/W/S RDY)

Drive Ready (DRY)*

"Sector Counter OK
(SOK) '

Seck Incomplete
(SIN) .«

Drive Unsafe
(DRU).

* "RKOS Disk on Line '
(RK0S)

Drive Power Low
(OPL) - -

Ideritification of

Dyive (ID) -

* Ersor). Cleared by a Dnve Reset furrction.

\ bescriplion and Operation

Indicates that’ the sclected vdnvc bead mechanism s not in
motion;and ithat the drive js ready te accept a new function.

Indicates that the selected disk drive conmplies with the followmg

’ condltiom

A]

-~

(l. The drive is prope;ly supplied with power.
b 'n\e drive is loaded with a disk cartridge.
-, . The dllk drive door is closcd
. d  The LOADIRUN swnch is set tb RUN. .

e \The disk Is rotating at a propet speed.

- f." Theheads are prope\rly loaded.

g.' The disk is not ina DRU (bit 16 of RKDS) condilion.

Indicates that the Stctor Counter opesating on the selected drive
is not in the process of changing, and is ready for.examination. If
this bil is not set, the Sector Counter is not ready for
exnmmatian, and a second attempt should be made,

lndicatcs that due to some unusualk cdndiuon a Scek function
cannot be completed. Can bé accompanied by RKER 15 (Drlg

\

_ Indicttes that an unusual condition hns occurred in the disk drive,

and it is unabl® to properly perform any operations. Rescl by
setting the RUN/LOAD switch to LOAD. If, when the switch is
-refurned to RUN, the condition recurs, an mopcntnvc drive can
be assumed, dnd corrective maintenance procedures should be
begun. Can be lccomplmed by Rk.ER 15 (DriveError). ;| .

Always set, tg identify the selected disk drive as RKOS.

]
'
’

* Sets when an atiempt is made to iniitiate a new unction, of if »

function is actively in process when the control senses a loss of
" power 10 one of the disk drives. ~Can be accompanied by RKER
1S (Drive "Error). Rcsel by a BUS INIT or a Contwl Reget
* function,; ) .

If an inte;nipt occurs, these bits will comtain the* binary
relpre«ntalion of the’ logml drive number that caused the -

intcmnp( ’ , " -
B-2 . .o
- 4o "

-
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\  ERROR REGISTER (RKER) 4 ;
Address = 777402 “ . L
R -3 ! s N " NOTE- | - ;
o, ‘ . This is & read-only register. .
. / t ) AR : N o
{‘ l' ‘y . , ) + ‘
Pe ' ' . s
o F {DRE | OVR | W10 | SKE | PGE mu TE { NXD | NXC | NXS UNUSED | cst: | weE
o : 1
' s 1413 17 -1/ e o9 & 7 6 s 4 3 2 0
1 ¢ t
- A
Bit Designation Description and Operation
- L s f '
' . Write Check: . Indicates that an error was encountered during a Wnite Check
" .+ Error (WCE) function as a result of a faulty bit comparison between disk data
; 3 and memory data, Clears upon the imtialion of 3 new fum:tmn
) . o This is a soft error condition. :
3 , 01, . .Checksum Enpr «  Sets while performing a Read Check or a Read function as a j °
. (CSE) result of 2 faulty recaleulafion of the checksum. Clearcd upon the §
.. . ' < ‘ initiation of any new functi8n. This is a soft error condition. '
I " . .
% 02-04 Unused. . o ) v
! . . The temaining bits ‘'of the RKER are all hatd errors, and are cleared only by a BUS lNI’I‘ or a Control '
! E . Reset function. .
{ v 05 hNoncxisi',cnt . Indicates that an attempt was made (o mitiate s transfer to a ’
: e Sector (NXS) sector larger lhan 13,. - .
v i’ ‘ < - . !
o 06 Nqgiexistent ' Indicates that an attempt was made to mmate 2 transfer to a
[ A _ Cylinder (NXC) . cylmderJ’tgcr than 31 2. ", ’ i
. S . , . ) - o
07 Nonexistent ™ .Indicates that an allempt was made to mitiate a Tunction on a : i
Disk (NXD) - nonexistent drive. | L — |
’ ) L # ~/ ! )
) S S
. . 08 . Timing Error Indicates (hat 2 foss of timing pulscs for at least 5 ps has been ; \
i - (9 :) I detected. N N
, . - - |
0% - Dafa Late . Scts dun’ng a&ritc'or Write Check function when the multibuffer
e ( y (DLTY - L file is empty“dnd. the opcration is not yct complete. Sets during a
' -~ .Read-function when the mulubuffer ‘file is filied and the y
_ operation is not yet complete. , .
.10 .Noncxistent' ® Sets if fhemory does not respond with a SSYN within 20 ps of
. A Memory (NXM) . the time when the RK11 becomes bus master during an NPR
Lo .+ sequence. Because of the specd of the RKOS Disk Drive it is
o ) b possible that NXM will be accompanied by RKER 09 (Deta
L o ‘ Late).
. f
. i , . r .
- ‘ 6-3 .
. . - p
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Bit Designation Description and Openation
! Tt Programming Indicates that RKCS 10 (Format) was scf while intiating a
= Error (PGE) function other than Read or Write.
\ 12 Scck Error Sets if the disk head mechanism is not properly positioned while
(SKE) cxecuting a normal Read, Write, Read Check, or Write Check
funciiop. The control checks 16 times before flagging this grror. -
. A simple jumper change will force the control to check just once. ]
[ ¢ - i
¢ 13 writs Lockout Sets if an attcmpt is made to w;ﬁ on a disk that is currently
. Violation (WLO) write-protecied.
. 5 - . ¢ : . ' '
. 14 Overrun Iggdicates that, dunng a Read. Write, Read Check, or Write Check i
- o (OVR) finction, operations on sector 134 surface | of cylinder address '
. 124 were finished, and the RKWC has not yet overflowed. This  » k
). s~zsse3tially an attempt to overflow out ofa disk drive. = /
- - s - rive Error Sets if one of the drives’in the system senses a loss of either ag or -« - {
(DRE) - dc power and a function is either initiated or 1n process while the
' B selected drive is not ready or in some error condition,
~ ; . . i . | .
R CONTROL STATUS REGISTER (RKCS) .
Address =777404  ° ‘
"
ERR | HE sEF \/| 1BA{FMT. | EXB | SSE|{RDY [ IDE|EX.MEM. | FUNCTION GO
‘ g ' 2 ' ' 1 0 2t 0 -
9 - o A o . N
~ . 1S 14 1312 11 9% 9 8 7 6 S 4 3 2 o4 0
: & . o ' ‘ ‘
v ) ’ .
" Bit Designation " Desriptionand Operation ~ © - i ,
d 00 S GO -, . . - LéRied by the Opcra(oF. Causcs lhg control to carry out the '
- ‘ (Write Only) o funclign contained in bits Ol through 03 of the RKCS
‘ . y x {Function). Remains set until the control actually begins. to, .
; . . . , respond to GO, which may ke from 1 ps to 3.3 ms, depending ' !
P : ' ] . on the currgnt operation of the selected disk drive (to protect the -
- * format structure of the sector). J
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Bit
01-03

04,05

Lo

Designation

Function
(Read/Write)

« Memory Extension,
(MEX)
(Read/Write),

Intersupt on Done

- Enable (IDE)

(Read/Write)

Description and Operation

The Function register, or function bits, are louded with the
“bindry representition of the function lo be performed by the
control when a GO command is initiated. These bits are loaded

by the program and cleared by BUS INIT. They retain the

* function until altercd by the program or cleared, cnabling the
user to continue from a soft error condition” with GO. A

‘ description of cach of the cight functions is given in Paragraph
1.3.2. The binary codings are as follows:

Rit 2 Bit 1 Bit 0 Operation

4

Write
Read ¥
Write Check .-
Scck
Read Check
Drive Reset
Write Lock
-

S ot ot - D OO0
——o 0 —-=00
~—o -0 —0—0

-

Reserved for extended bus addresses used in conjunction with the
RKBA. This 2-bit counter increments cach time the RKBA
" overflows. A bus DATO to these bits overrides any RKBA
overflow. Loaded by the program and cleared by BUS INIT. Use
{ these bits is intended for systems equipped with a _memory
larger than 32K words

When set causes the control to issue a bus requcsl and interrupt to
vector address 220 if: -

* a. A function has completed activity.
‘b. A hard error is encountared.

‘ ¢. A solt error is encountéred and bit 08 of qhe RKCS
(SSE) is set.

d.  RKCS 07 (RDY) s set and GO is nof set.

\

Control Reset ~
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' #
-

Bit

07
¥

» 08

» Y )

. ) 09

. 10
Ve
~

14

15

lr'

I 4
Designation Description and Operation /L\#
Control Ready sty l\&dicates lh}b the eontrol is ready to perform a function Set by
(RDY) INIT, a hard crror condition, or by the termmation of a function.
(Read Only) Clearcd by GO being sct,

¢
Stop on Soft Error
(SST)
(Read/Write)
.

Extra Bit (EXB)
Format (FMT)
{Read/Write)

Inhibit
Incremepting
the RKBA (lBA)
(RcadIWnlc)

Unused .
Search Compiclc
(SCP)

{Rcad Only)
Hard Error
(115

(Rcad Only)

R,

Error

.(ERR)

(Rcad Only) . "

9

¥ a soft error is cncountered when this bit is sct:
a. All control action will stop at the end of the current
sector if RKCS 06 (IDE) is resel, or

b. Al control action will stop and 4 bus request will
occur at the end of the current scctor 1f RKCS 06
(IDE) is sct.

For the RK11-D and RKI1-E, EXB is unused.

FMT is under program control, and must he used only in
conjunction with normal Read and Write functions. Used to
fonmat a new disk pack or to reformal any sector crased duc to
cantrol or drive failurc. Alters the normal Write operation, under
which the header is rewritten cach time the associated sector is
rewritten, in that the head positioner is not checked' for proper
pusitioning before the Write. Alters the normal Read operation in

. that only one’ word, the header word, is transfereed to memory

per scctor. For cxample, a 3-word Read function in Format mode
will transfer header.words from three consecutive sectors to three
consccutive memory focations M software checking.

Inhibits the VRK"A from incrementing during a pormal transfer
function. This allows ddta transfcrs lg occur to or from the same
memory locition throughout the entire transfer operation.

Indicates that thc previous interrupt was the result of some
previous Seck or Drive Reset function. Cleared at the initration of
any new function.

1

Sets when any of RKER 05 - 15 are sét. Stops all control action, .
and processor reaction is dictated by RKCS 06 (IDE), until

cleared, along with RKER 05 - IS, by INIT or a Control Reset
function.

Sets when any bt of the RKER scts Processor seaction is

dictated by RKCS 06 and RKCS 08 (1DE .md SSE). Cleured nf all

bits in the RKER are cleared. ‘ . -
. »
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' WORD COUNT REGISTER (RKWC)
Address = 777406

v

v | . -
ot é

WC1S -

K

15 14 13 12 11

Bit Designation
00-15 ~  WCO00-WC1S
- (Read{Write)

Description and Operation
. P

The.bits in this register contain the 2's complement of the total
number of words to be affected or transferred by a given
“{unction. The register increments by one after each word transfer.
When the register ‘overflows (all WC bits go to zero), the transfer
is complete and RKI1 operation is terminated at the ¢nd of the
present disk sector. However, only the number of words specified
in the RKWC are transferred. '

T

éURRENT BUS ADDRESS REGISTER (RKBA)
Address = 777410 -
v r N 4 ? 4
. BAIS - BAOO -
15 14 13 12 1 10 9 8,7 6 S 4 3 2 1 0
Bit © Designation ! - ('D&crip(ion and Operation v
. X
00-18 BAOO-BALS ~ The bits in this register contain the bus address to or from which
(Read/Write) data will be transferred. The register is incremented by two at the
- end of eagh transfer. If the system has extended memory, the.
Q

RKBA will overflow to the EX'MEM (bits 04 and 05 of the
RKCS) to reflect the extended bus addresses. ~




Ch e e g g

T~ *

U

i - DISK ADDRESS REGISTER (RKDA)
L~ Address = 777412 -

. . . oS

p DRIVE SELECT CYLINDER ADDRESS SUR

2 1 0 7 6 s 4 3 2 1

\\3210

secmk\enmzess >L |

Is 14 13" 12 11 10 9 B8 7 6

NOTE

32 1 0

This register will not respond to commands while the

" bus data lines only in the Control Ready (RDY — bit 07 of the

disk sector.

[
AN

" © Bit Designatjén -

- 0003 Sector Addruss
« ' . (SA)

next [unction.
; 04 Surface '
* (SUR)
) _disk head.
! ) 05-12 Cylinder Address

) {CYL ADDR)
address is 312,.

v 13-15 » Drive Sclef:t
(DR SEL) selected.

controller is busy. Therefore, RKDA bits are loaded from the \

. : RKES) state, and are cleared by BUS INIT and Control Reset.
The RKDA is incremented automatically at the end of each

'Description and Operation
Binary representation of the disk sector to be addressed for the

When active, enables the lower disk head so that operation is
performed on the-lower surface; when inactive, cnablcs the upper

Binary, reprcsentatién of the cylinder address currently being
selected. The largest valid Saddress or number for the cylinder:

Binary represéntation of the logical drive number currently being

] C
;=DATA BUFFER REGISTER (RKDB) ’ . o
Address = 777416 ) (
) - !
o DBIS --a DBOO
= v ,15 14 13 12 11 10 9 8 7 6 4 2 ! 0
. . ] ' ) .
. Bit Designation . Description and Operation

.
:

0015 DB00-DBIS
(Read Only) .

-

Tht"blts of this register work as a gcncml data handler i that all
information transferred between the control and the disk drive
must pass through this fegister. Loaded from the bus only while

.the RK11 is bus master during an NPR scquence.

‘NOTE_
Addsess 797414 is unused.

* e
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3.1.1 Control status Register (PMCE - 776 714) .

‘ ’ The ‘control status register is loaded via the Unibus with various hit #
i configurations to determins the type of controller operations to be performed. |
Each bit position may be written into or recad from as noted.

-

[

] RN 151 1413y ]12})11 10 9 8 7 6 5 4 3 2 1 LO {
! . ‘ T o T TT 1 .
i RDY IDE MEX MEX COM’ (!OM coM éO
‘ ERR AIE MODE {DRWSEL 0 1 0o 2 1 o
e HRD ERR HRD DRV SEL 1 i
e NOT USED ’
e 1
‘ |
BIT CODE EUNCT ION' . {
R T ‘ %
| o ,
| . ) 15 ERR Error: this bit indicates that an error, either hard 3
: or data, has occurred during the current SPeration.
. This is a read-only bit.
) 14 HRD ERR Hard Error: this bit jndicates any errots contained‘
% in error or device status registers except data
errors. This is a read-only bit. '
N T AlR Attention Interrupt Enable: the-controller is compelled
/ : to raise an interrupt request when any driYe raises
. its attention line. This is a write/read bit.
12 ’ 'MODE de: during a non-header read or write operation, '
tgis bit indicates the data format is 36 bit PDP-10

or 15 which requires three 16 bit CPU words per
disc word. Whemused vwith PDP-11 during format, this
; : bit rust be om with header to indicate a 36 bix
: ’ word transfer. See Section 3.2.2 on yord count ’ i
register and disc format. This is a write/read bit.
' -,
11 HDR Heaccr: this bit is_uséd #s a modifier during read :
- o or write operations to indicate that a 37 bit disc
- - ' header is to be read or written. Three 16 bhit werd
trancfers are required during header operaticns so
the word count must be a multiple of three for proper
.operation., See Section 3.1.2 on word count register.
i This is a write/read hit. *
. p .

10 Not ured.

s .‘» ~ — * - . o
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BIT CODE FUNCTION

8, 9 DRV SEL  Drive Select: these bits specify which drive has
\i been selecgted for the current operation. Epecial
care must be taken to maintain drive sclection when '

) he . manipulating other bits in the PMCS. These are
: write/read bits.
;oL : . .
Y 7 RDY Ready: the controller is ready to accept and execute
a new operation. This is a read-only bit.
6 IDE Interrﬁpt on Done or Error: this bit cauces the ‘
’ controller to raise an interrupt request when ready .
is set at the end of the operation or if an error .
. occuys. This is a write/read bit. ,
; 4, 5 MEX Memary Extensions these bits specify which 32K portion 4
E ' of the PDP~1l memory is to be used during data .transfer F
i : operation. These bits are read/write. ,
¥ 1-3 COM Command: - these bits are Used to 'specify one of six g
g operations. The bits are read or write. . ;
3 FUNCTION CODE INSTRUCTION TYPE . 3
H ’ : {
$ : . . . t
- ) : Control Reset 000 Initiate 2usec f
5 Write 001 Execute :
P , . Read 010 Execute "
: : ) X Write Check 0ll Execute %
o Beek 100 Initiate 20usec”’ §
Restore 110 Initiate 20usec %
\ . _ . !
’ Instruction Types: ¥
= PERh ° . ~ @ :
;’ 1. Initiate: the controller is busy‘ only during i
. . ' o " commanid processing. 20 microseconds maximum ' .
i ‘ Lo in the case of seek oy restore operations, .
i a » the drive will issue attention at the completion
E ’ ,of its operation. ,
B 2. Execyte: the controller is busy for the entire )
£ time of operation. .
0 GO Go: this bit muat b~ set to cause the controller to . E
) initiate the operation encoded in bits )} through 3. ‘
' ’ ' Tt is a write only bil. > *

NOTE: The PM=-DO11/460 and JI/ﬁO device handler software muet irclude
provisions to t<:L the errer and hard error flags to validete the current
oparation before proct ssing, :

3 - t
» . -
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3.1.2 Viord Count Reqister (REM: 776 7L0)

2's Complement of Total Mumber of anjsw

" [

! The 16 bit word cou't register is louded vin Lhe Unibus and spec ;Lns the
npmber of words to be transferred during w=wite, read, or write check . -
operations. The word count register must be loaded with the 2's complement i
of the number of words to be transferred. All bits are read/vwrite.

\ Th» disc pack system uses a 37 bit/word format. The data'portion of each
record may contain 32 bits or 36 bits of information to be transferred,
depending on the type of CPU being uszd. When using a PDP-I1 orly 32 bits
of the word are transferred. The remaining 5 bits are used internally for
checksum and parity. When using PDP-10 or PDP-15 computers, 36 bits of each
disc word are transferred to the CPU.

WINPT VTGN

‘The header portlon of cach record always uses all 37 bits of the disc word.
Therefore, the followlng rules apply to word count and control status reglsters
for read/write and format header operations. .

, -
. ' ™ Read/Write Hrader, Format and Formpt'Verify: ‘The PMJC register is loaded
LY " with a multiple of 3 times the number of headeys to be read or written.
To write or read a single header a word count of 3 (2's complement) is .
‘loaded in PMWC. A word count of 9 (2's complement) will write or read
3 sequential headers starting at the first cylinder, track, and
sector in those registers. - i

© Both the mode {bit 12) and the header (bit 11) must be set along with
the appropri?te command bits in the control status register. ®

a

® - Read/virite Data (PDP-11): The PMWC register is loaded with a multiple
of 2 times the number of 16 bit memory words to be transferred. For
example, a single sector of dalta such as 128-37 bit disc words is ‘ i
* transferred as 256-16 bit cowputer words. The PMUWC is set to 4008 §
(2's complemant)' The mode and header bits must be off in the ’
control status word

3.1.3 Device Stalus Register (PMDS 776 710)

The devxqe status rnegister (PMDS) keeps the current state of th: selected
drive and the attention signals from each of the four possible drives. The
four attention hits are read/clear. They can be selectively clrared hy
moving a 1 to the deosired bit.locatien(s). The other bits of PMPDS are read
only. The PMDS bitn are shown with the significance of cach bit when set.

RE -3
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15114 13 }1 1110 9 8 7 6 5 4 3 2 1 0 T
| P 1]
su SuU HNF SU SU S5U SU NOT USED " ATTN ATTN ATTN ARTN

RDY OL SI SU FU Wp i 2z 1 o
SU PM-1D11/80 :

. BIT CODE. ____ FUNCTION

—

15 SU RDY Selected Unit Ready: the selected drive is capablé ’ !
- of performing another operation.

/ ' 14~ SU OL Selected Unit On Line: the selected &five enabled/
\ . disable switch is set to enable.

13 SU PMDD Selected Unit PM-DD11/80: the selected drive is a
PM-DD11/80.

o en g et RO T YR ¢ g T 7

<

12 HNF Header Not Found: the selectedwd{i:éNhas completed
two full tevolutions‘without locating the addressed
sector. '

11 SU SI *  Selected Unit Seck Incomplete: the selected drive . -
* has failed to accomplish a seek operation.

b ! 10 SuU su Selected Unit Seek Underway: ‘the~sélected drive

, has initiated a seek operation, but the attention
- L signal has not yet been returned. .

@

9. SU FU Selected Unit Filé Unsafe: the selected drive 2
has detected a sclf-error condition'which ig g ‘
prohibiting all operations. . ) .

-~y

8 SU wp Selected Uit Write Protected: this bit is set when
: ‘ : the write protect switch on the selected drive is
C + . set and the drjve is prohibiting.Arite operations.

4-7 . Not used.

0-3 ATTH Drive 0-3 Attention: attention,is set hy a drive when
P . a seek is complcled or when a 500ms perind elapses. .
. o o after @ seek initiation to indicate an incomplete

H serk has OLPU!TFd n

e
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3.1.4 Error Register (PMER 776 712)°

-

The error register ("MER) contains all errors produced within the
controller, The PMER register is a read-only reqgister. ‘ i

: ) ;
15114 13,312 |11 1710 9 817 6 |5 4 3 2 1 0 '
' 1 1 1 [ [ 1 17 1 T
: WPV FUV NXC NXT NXS PROG FMTE LPE WPE CSME | 'WCE |. EOP DSC
A o . MODE TIMEE  NXME  ERR .
]
L4 o Y
; BIT CODE FUNCTION A
15 WPV Write Protect vi(:;lation: disc wrif® operation attempted
- when selected unit write protect was true. . )
‘14 FUvV File Unsafe Violation: disc operation was attempted )
. when selected unit file unsafe was true.
\' 3
13 NXC Non-Existent Cylinder: disc operation was attempted
when the content of the cylinder address register
" ’ was nhot within the 0 through 457_ range (PM-DC11/40),
‘ ' or 0 through 11438 range (PM-DCl?/SO) range.
‘ ;. 12 NXT Non—ExisEenJ: Track: disc operation was attempted whe\%

the content of the track address register was not
within the O through '238 ranqe, .

N + 11 NXS Non-Existing Sector: disc operation was attempted
. when the content of the sector address register was
’ ; not ‘within the 0 through 118 range.

10 PROG program Error: data transfer operation was attempted
. with the content of themc equal to zero, or an . '
operation was attempted on an offline’drive, or while

another instruction was still ipn progress. ) .
9 FMTF Format Error: parity error was detected in a \

. sector's header word.

-8 MODE - tode Error: the header operation was initiated while H
: o the controller was in the PDP-11 mode with the
- N mode bit not set. ’ ' >

AT T
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BIT  CODE FUNCTION PR
i ‘ -~
7 LPE logitudinal Parity Error: calculated longitudinal
parity does not compare with that read from thgvpisc.

6 WPE Word Parity Error: calculated word parity does not
compare to that read from the disc.

to that read from the disc. .

. Ay
5 CSME Checksum Error: c¢alculated checksum does not compare ° ﬁ
4., TIMEE Timing Ervor: the Unibus did not respond fast
3 enough to meet disc requikement,_causing a loss of A
} data.
‘ .
3 WCE Write Check Error: data read from the disc pack does
not compare with data read from memory during the
write check operation. o ' . j

g

- . 2 . NXME Non-Existent Memory: more thaﬁﬂlOus‘were required
to complete a Unibus transaction.

1 . EOP End of Pack: data transfer (read or write) was ) ) i
attempted across the last sector of the pack.

0 DSC ERR Disc Error: the OR condition of the header has not
. . been found or the selected unit seek is incomplete.
e ! . / » .
3J.1.5 Bus Address Register (PMBA 776 720) :

The bus address register (PMB;;\indicates the bus address of data
transferred during read, write, or writeé check operations. The PMBA is
. loaded from the bus and incrementation takes place after a memory trans- ’

\Y\‘/ action has occurred. It is loaded with the address of the first data ' . .

word to bn transferred (not first data word address minus one). The PMBA . !

is a read/write register containing 16 bits. -
. o
3.1.6 Cylinder Address Register (PMCA 776 722)

; Bits 9-0 of Lhe éylipder address rcqgister (PMCA) are loaded from the bus and
3 : indicate the epecific disc cylinder for any disc operation. Bits 9-0 are
read/writc bits. 'Bits 15-10 are not used.
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