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Figure 8-6. Selection Unit Memory Circuits
Logic Diagram (Sheet 1 of 3)
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64.87.855.01.01
1 November 1966

PROGRAMMING THE 9367 RAD FILES

There is a new product bulletin (64-17-028 (Rev. 2)) which describes both
the 9366 and 9367 RAD files., The intent of this memo is to provide some
perspective on these files, to explain terminology used in their descrip-
tion and to illustrate techniques of programming the 9367 (fast) RAD. A
separate memo on programming the 9366 (slower) RAD will be generated at
some time in the future. It is hoped that the product bulletin, supple-
mented by these descriptions will give the information you require. The
contents and specifications described herein are subject to change, and
are not binding on SDS, '

First of all, the 9366 is applicable to the SDS 910/920 only. The 9367 is
applicable to the SDS 92, 925, 930, 940 and 9300 only. Since the 9366 can
only be attached to a 910/920 Y-Buffer with a 9321 interlace and 912424 24
bit Y buffer, the product bulletin illustrates the EOM/SKS instructions for
the 9366 with the Y huffer bit on.

Secondly, the remaining discussion on the 9367 is intended to promote a
clear headed way of thinking about this RAD file from a programming point

of view, and should not be mis-construed as an exact physical description.
In this scnse we can compare it to Sigma virtual addresses of data locations
being independent from actual core locations as affected by memory mapping
and interleaving.

A 9367 RAD controller is attached to an I/0 channel. FEach controller may
control from one to four storage devices. Devices come in three sizes:
524,288 6-bit characters, 1,048,576 6-bit characters or 2,097,152 6-bit
characters. The 2 million character storage device is treated as two 1ogicél
storage units of 1,048,576 characters each., Thus the maximum capacity per
controller is 8,388,608 characters.

Fach storage unit contains 04 bands (32 bands for a 524,288 character unit),
cach band contains 64 scctors, and each sector contains 256 6-bit characters.
Thus each band contains 16,384 characters or 4096 words, Areas of the 9367
storage are thus addressed by specifying the particular unit, band, and

sector, FEach particular band is actually recorded in four physical tracks,
each with a separate rcad/write head, thereby eliminating the mechanical com-
plexity and positioning time that are characteristic of movable arm disc files,
Note that the word "track' when used with the 9367 RAD file does not describe

a program addressable element.
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Physically then, the storage unit may be thought of as follows:

1 logical unit a physical disc surface,
//,57 which may be recorded on

///,,/f/’//’ either the top or bottom

T side,

gl

(The information for the
four tracks band is actually recorded
on four physical tracks in
band

each band.)

sector

The read/write heads actually pick-up/record information four tracks (one band)
at a time. A memory word is thus actually recorded in the following way:

Hsads bit number track
— - N\
1 [Jlo 1 2 12 13 14 =cmmmemm oo
2 [:] 3 4 5
BAND

3 [Jl6 7 8 18 19 20 ctc.mmmemmmccccmmmcacccacaan-
6 [ 91011 21 22 23 cooomeimioa oo ’
Motion

‘_

1 bit' time of 1.2 us (Actually 4 bits are involved since
there are four tracks but it is
one bit time from the band point
of view.)

buc o 1 arpanization of 4 tracks per band, recording of 6-bit characters
_must be done in wu.liples of two characters (12 bits) which is what the

coupler requivres, This means that a 24-bit word to the coupler lucks like
two 12 bit characters. "This is the explanation for selecting the two
character per word mode of the EOM when programming the RAD file.
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PROCRAIMING CONS IDERATTONS

The rotational Tatency (35 msec maximum) can be minimized when large blocks
of data ave translcrred between the computer and the Model 9367 RAD unir,
This tvpe of larpe biock transfer is [requently encountered in applications
sach as time shoring and very large simulation problems employirg program

|

‘overlay' techniques,

Af combination of havdware and programnming minimized latency. The unit coocer
drens e continually maintained in the coupler, Successive sector aciro-oc
are votes and counted, as the hands revolve, as a 0-bil number hetween €3 nd
(vctal).

Fhe curvent sector addrers of any device can be read by the cowputer's prepram

;

ttoany time by on Los/21N. Thus, the program can compute Lhe opLimun stanrting
golinr lor a dat tromsier, as illustrated in the following examplc:
Sssume the program Lo to transicr 010,000 (octal) vords Ifrom core wmemory

lecations 005720-015717 onto secctor locations 004200-004277, (band 42, all
scctors)  Assume that the current scctor address is 043, These steps accur:

1. Ibe progsram tests for coupler ready with an SKS instruction.
2. The propram cxecutes ar EOM/PIN, The current coctor address (047)

is read into the computer,

3. The program adds two to the sector address, making it 045, This
insures that one sector time is available to the . ogram before
reading or wriling occurs. |

(The unit could be very near to the end of sector 043 when read
and, hence, into sector 044 before a read or write could be

initiated, thercfore imposing a full rotational delay.)
4. The program sets up two I/0 file operations,

A, The first causes core locations 012420-015717 to L:» written
onto sectors 004245-004277.

B. The second causes core locations 005720-012417 to be written
onto sectors 004200-004244,

In this example, 4096 words are transferred in about 35 msec., If normal pro-
gramming had been used with the entire record started at sector zero, the
operation would have taken almost 50 msec, due to the latency encountered,
while the unit rotated from sector 44 to sector 00, Thus, the immediate . -5
capability of the Model 9367 reduced the transfer time by about 30 percent.
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NOTE: When a read or write operation is in progress on any of the
units connected to the 9367 .ontroller, it 1s not possible to PIN
the current sector address of any of the attached storage devices.

TIMING NOTE

In all cases, the addircss POT must occur one or more sectors before the
start of the desired sector, or one band time 1is lost,

OPTIONAL PRIORITY INTERRUPT LINE

The 9367 supplies a momentary signal for use in the priority interrupt system,
[t occurs near the start of the disc sector on which the address matches the
contcents of the sector address register. Thus it is possible to POT an
address n and be interrupted in time to set up a read or write operation on
sector n+l.

FILE PROTECTION

Both Model 9366 and Model 9367 RAD units contain provision for manual write
protection, A group of toggle switches selectively inhibit writing on band
groups associated with cach switch., There are a total of sixteen switches,
each controlling eight bands, or 32,768 words of storage each. Unimplemented
bands on a .5 million character unit will test as file protected if addressed,
and the switch for the unimplemented band is set to the protected position.

ADDITIONAL CONSIDERATIONS

The minimum unit written at any time on the RAD is a sector, and all trans-
mission must begin on a sector boundary. If the word count controlling an
output operation is not equal to zero modulo 64, the remainder of the last
sector will be written as zero (erased). The amount transmitted to memory for
an input operation is limited of course to the actual word count specified.

Sector incrementing is automatically performed by the coupler when more than

one sector is to be transferred. Unless inhibited, the band number will also be
incremented after the last sector in each band if transmission -passes a band
boundary. It is not possible, however, to increment automatically to a different
unit. This means that a single transmission on 2 million character double unit
cannot cross the boundary from the first million characters to the second. They
are, from a programming point of view, two separate units, Addressing is,
therefore, continuous within a unit but not continuous from unit to unit.
Similarly, if a million characters of storage are set up as two .5 million
character units, it is not possible to increment automatically across the unit
boundary. :
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"EOM/SKS COMMANDS

The following EOM's and SKS's are applicable to all models of the 9367 RAD i
files., All EOM's and SKS's are configured for channel A, The bits for A :
channels other than A arc the same as would be used for any other device
controllers., The META-SYMBOL names and mnemonics are included.

SRA C  SET RAD ADDRESE EOM 010026
wvhere C=0-7, the channel number

Action:; Alert teo POT,
This EOM should be prceceded by the coupler ready test and be immediately

followed by a2 P07 instruction whose effective address contains the desired
addvess in the following format.

-
|
i
t

-

— T TNIT BAND SECTOR J Lo
J :

8 9 11 12 17 18 23 P

3

SRAI C SET RAD ADDRESS AND INHIBIT BAND INCREMENT EOM 011026
wvhere C=0-~7

Action: Alert to POT and inhibhit increment. 1In addition to performing the
function described in the previous alert EOM, this instruction will inhibit
the normally automatic incrementation of the band address after sector 77g.
This feature is required to implement the "immediate addressing' technique
described in example #3, (Pg. 12),

PRS C,U PIN RAD SECTOR EOM 01u226
where C=0-7; U=0-7 logical units

Action: Alert to PIN., This EOM is immediately followed by a PIN instruction.

After -execution of the PIN, the contents of the effective address ot the PIN
will contain the current sector address for the unit specified by U (0-7) in

following format,
[» ' T SECTOR

18 23

The PIN instruction will be acknowledged immediately with the exception of
a 10 microsecond period at the cnd of each sector during which time the
sector address 1s incremented.
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RRAD C,U,CC  READ. RAD EOM 02226
WRAD C,U,CC - WRITE RAD EOM 02266

Action: Connect for read or write
where CC=1 for 9366 RAD
=2 for 9367 RAD

Standard buffer control (BUC) EOM's are used to connect for read or write
using unit addresses 268 and 668 respectively in the 2 character/word mode,

RRT € RAD READYTEST SKS 010026

Action: Test Coupler Ready

Execution of this instruction will result in a skip if the coupler 1is ready.
The coupler will test not ready if there is a power loss, 1f the coupler is
addressed, or the read/write circuitry is in use. (The words coupler and

controller are interchangeable),

FILE PROTECTED TEST

RFPT C RAD FILE PROTECTED TEST SKS 013026
Action: Test for File Protected

Execution of this instruction will result in a skip if the addressed band is
not file protected and can be written on. This instruction will not result
in a skip if the addressed band is one of eight bands designated protected by
4 manual switch which is set to the protect position.

NOTE: Addressed POTted to the RAD controller are not transmitted

to the RAD Selection Unit until the next available gaptime. This
means that if an RFPT (SKS Write Protect) is performed immediately
after the set RAD address POT instruction, the SKS response will
refer to the last address held in the Controller's address register
rather than the one just POTted. Therefore, a minimum of one sector
delay must be programmed to perform the POT/SKS operation.

RET C RAD ERROR TEST SKS 011026
Action: Test for Error in Coupler
Exeﬁdtion of this instruction will result in a skip if no error conditions were

encountered. Any one of four (4) conditions in the coupler will result in an
error.
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-

If the coupler receives or increments into an unimplemented
address, or increments across a unit boundary, the error
indicator is set and the channel is disconnected. The Il
interrupt will not occur,

I1f the couplers monitoring eclectronics detect device fault,
the error indicator is set and the channel is disconnected,
The Il interrupt will not occur,

If a write prdtected area is specified/cencountered during a
writc operation the error indicator is set and the channel
is disconnected, The Il interrupt will not occur.

If either of the alert to POT EOM's are exccuted when the
coupler is busy, the error indicator will be set. The on
going operation is only affected by the preéence of the error
indicator i.e. the channel is not disconnected by the coupler.

CHANNEL ERROR TEST

SKS 011000

For a write operation the channel error will only be set if a data rate error

exists.

This condition occurs if the channel is not prepared to transmit the

next character when requested by the coupler.

For read operation, three distinct conditions will set the channel error.

1.

A data rate error occurs if the channel is not prepared to receive
the next character from the coupler.

The c¢hannel error will set if the channel detects bad parity on the
input character,

The channel error will be set if the coupler detects an error via
the end of sector parity bits.
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This flow chart describes the requirement for a typical read or write transmission without
interrupts.

Enter

@cnne! Active }—
yes

no

Alert EOM/POT

Y
One Sector Delay

For Y
Wri‘te ~——~‘><Wrife Protecr)-;?»
Oniy nol
Load Interlace and Con-
nect ALC/EOM/POT/BUC
( Coupler Ready — yes
| yes T
write
( Coupler Error [C':i:fozeo ——»Q\/rite Protect)
read . no
yes ———— —ﬂ
er , Channel Error lllegal POT Unimplemented Addr.
gain - yes lno caused error or Device Fault

Not likely in a
checked out program

Return
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Code required to implement flow-chart of example #1 for a write operation.

* WRITE 64 WORDS OUT FROM 01000 ONTO UNIT O, BAND 1, SECTOR O.
WRITE PZE 0
SKS 014500 CHANNEL ACTIVE
BRU $-1 YES
SKS 010026 COUPLER READY
BRU $-1 NO )
EOM 010026 ALERT TO POT
POT ADDR POT COUPLER ADDR,
LDX =0177343 ONE SECTOR
A BRX A DELAY
SKS 013026 IS IT WRITE PROTECTED
BRM PROTECT YES, GO TO PROTECTED ROUTINE
ALC ¢ ALERT INTERLACE
EOM 014200 10SD, NO INTERRUPTS
POT OUTPUT 64 WDS, 01000
EOM 02366 CONNECT WRITE
SKS 010026 COUPLER READY
BRU $-1 WAIT
SKS 011026 COUPLER ERROR
BRU ERROR WHAT TYPE
SKS 011000 CHANNEL ERROR
BRU RETRY AS REQUIRED
BRR WRITE RETURN
ERROR SKS 012000 INTERLACE COUNT=0
RRU ILLEGPOT ILLEGAL POT
SKS 013026 WRITE PROTECTED
BRM PROTECT YES. GO TO WRITE PROTECTED ROUTINE
BRM OPERATOR NOTIFY OPERATOR OF ILLEGAL ADDRESS
o ‘ OR DEVICE FAULT
BRR WRITE EXIT '
ADDR DATA 0100 UNIT O, BAND 1, SECTOR O
OUTPUT DATA 04001000 64 WDS FROM 01000

*All data transmission must be performed with function code IQSD. The connect

for read/write must follow the¢ interlace load

“yuence.
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Symbols external to this subroutine are assumed to have the folluwing

significance;

PROTECT:

RETRY:

OPERATOR:

is a subroutine to handle the error condition that WRITE

has been asked to output onto a file protected area of the
disc. Note that the second file protect test in this
particular example is not required, since the file protection
applies to groups of eight bands and only one sector of one
band was written. In general the test would mean that during
automatic band incrementing, a new band was addressed for
writing that was file protected, although the write was
initiated for a non-protected band.

is a routine which would attempt to recover from the error.
For example it might decrement a count, branching to WRITE + 1
if more tries were to be attempted, and to an operator notifi-
cation routine if the recovery attempt was unsuccessful. The
recommended number of read/write tries attempted automatically
is three.

is a routine which will notify the computer operator of the
error condition and take whatever action is required to
terminate the job, ectc.

similarly, ILLEGPOT is a routine to indicate that specific programming error.
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EXAMPLE #3

(WRITE ONLY)

ON UNIT 1, BAND 2
WRITE ONE BAND, USING THE IMMEDIATE ADDRESS TECHNIQUE

WITHOUT INTLERRUPTS

* CALLING SEQUENCE ASSUMED IS
w BRM IMMED
* DATA  LOC FIRST OF 4096 WORDS TO BE WRITTEN (15 BIT ADDRLS:{
IMMED PZE 0
MIN IMMED ‘ STEP ENTRY LOCATION
SKS 014000 CHANNEL ACTIVE
BRU $-1 YES
SRA 0 ' COUPLER READY
BRU S-1 ) NO
PRS 0,1 ALERT TO PIN UNIT #1
PIN SAVE SAVE CURRENT SECTOR ADDRESS
LDA SAVE CCE
ETR =077 LEAVE SECTOR ADDRESS ONLY
ADD = ADD TWO
ETR =077 CHECK FOR pURRENT SECTOR
SKE =0 NOT 62 OR 63
BRU S+2 SET UP OK
ADD =1 START AT SECTOR 1
CLB ' CLEAR B
LSH 6 MULTIPLY BY 64
STA SAVE SAVE FOR POT WORD CALCULATIONS
RSH 6 RESTORE UNIT NUMBER ‘ .
MRG DISCAD?2 MERGE WITH UNIT AND BAND

STA DISCADL TO SET UP t LWST SECTOR WRITTEN



EOM

EOM1
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THE CODE FROM HERE TO LAREL EOM IS NOT
PART OF THE I/C, BUT MERELY SET-UP COMPUTATIONS
FOR THE INTLERLACE POT WORDS AND WT-COUNT BITS

LT DOLS SERVE TO ILLUSTRATE THE BOOKRLEPLING REQUIRED,

OBVIOUSLY, IF THE DISC UNIT AND BAND WERE. ALSO
ROUTINE PARAMETERS, MORE SET-UP THAN ILLUSTRATED

WAS REQUIRED BLEFORE THIS,

LDA FTMMED GITT DATA LOCATTON

ETR =077777 TO 15 BTTS

LDB SAVE FIRST SECTOR *64 IS WORD COUNT
BRM FEOMPOT FORM EOM/POT WORDS

STA EOM2 FOR SECOND TRANSMISSION

STB . SECOND AND STORE THEM

LDA =4096 FORM WORD COUNT

SUB SAVE FOR FIRST TRANSMISSTON

CAB | PUT IN B- FOR FEOMPOT CALL

LDA *IMMED | GET DATA LOCATTON

ETR =077777 PLUS WORDS TO BE DONE WITH

ADD SAVE SECOND TRANSMISSION AS LOCATION
BRM FEOMPOT AT WHICH FIRST TRANSMISSION BEGINS
STA EOML SAVE LEOM/POT FOR

STB FIRST FIRST OUTPUT DONE

SRAIL 0 ALERT TO POT AND INHIBIT

POT DISCAD1 151 DEVICE ADDRESS

ALC 0 ALERT INTERLACE

EOM 014200 [0SD, NO INTERRUPTS

POT FIRST 1ST TRANSMISSION

WRAD 0,1,2 CONNECT WRITE

SKS 014000 WAIT FOR CHANNEL READY

BRU - $-1
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ALC RELOAD INTERLACE
EOM2 EOM 014200 10SD, NO INTERRUPTS
POT SECOND 2ND TRANSMISSION
RRT 0 COUPLER READY
BRU §-1 NO
RET 0 COUPLER ERROR
BRU ERROR AS REQUIRED
EOM3 SRA 0 ALERT TO POT
POT DISCAD2 2ND DEVICE ADDRESS
SKS 011000 CHANNEL ERROR
BRU RECOV AS REQUIRED
) WRAD  0,1,2 CONNECT FOR 2ND WRITE
BRR TMMED
DISCAD1 DATA 0
DISCAD2  DATA 00010200 UNIT 1, BAND 2, SECTOR O
FIRST  RES 1 STORAGE FOR FIRST POT WORD
SECOND RES 1 STORAGE FOR SECOND POT WORD

A note of explanation may help to clarify Example 3. ERROR is assumed to be a
routine which will check whether the condition is due to a device fault, unimple-
mented address/file protected area, etc, as shown in the Example 1 flow chart,
taking appropriate action. RECQV 1is a routine to bump a counter and retry the
operation to see if the data rate error on the channel persists, notify the
operator or calling program of the unsuccessful write, etc. Note that IMMED
exits before completion of the second write operation, so channel and coupler rezdy
and error testing will need to be done to verify a totally successful transmissicn.
FEOMPOT 1s assumed to be a routine which given an address and count forms the

10SD EOM with the necessary high count and high order address bits, and genecrates
the POT word in a FORM 10, 14,

For simplicity, no attempt was made to take advantage of the case when the band
could be written at sector zero with just one write operation. Special code for
this case would save in excess of 500 microseconds of output time when the condi-
tion existed, or assuming a 1/64 probability, an average of 8 microseconds would
be saved, )
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Finally; a note about the order in which the code is written may be helpful. The
first test on the channel (EOM1 + 3) waits for the zero word count conditionm.
Since the coupler will still be buéy, this time is used productively to reload
the interlace for the second output required, and then the wait for coupler ready
is performed, The existing status of the coupler error flip flop is then tested.
Then the channel error indicator is tested before the final connect for write,
which reset the channel indicator,

RECOVERY PROCEDURE

Disregarding critical applications, it is recommended that no more than three
attempts be made to read or write a portion of the file,

OTHER PROGRAMMING CONSIDERATIONS

1. Care should be exercised when using the 11 (zero word count) interrupt or
the count zero test (SKS 012000) since the coupler may disconnect before
count zero) for reasons described previously in the section on coupler errors.

2, The occurrence of an 12 interrupt (or a skip on channel active test) is not
necessarily synonomous with the coupler becoming ready, If the word count

is modulo 64, the coupler on output must (after zero count) write the last

data characters and the check character before indicating ready,

1f the count is no modulo 64, the coupler will be busy after the I2 until
trailing words of zero and the check character are written or until the
end of the current sector is reached and the check character is verified
for reading.

Reference
This diagrostic is available:

SDS 925/930 RAD Aposalyptic
Diagnostic, Prog. No. 594003,
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