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ABSTRACT

The TC59 Drive Function Timer (DFT) program is an aid in the hardware debugging and
maintenance of the TC59 Magretic Tape Control (MTC) and its associated magnetic tape
drives. The program will operate on any configuration of 1to 8, 45 or 75 in. per second
7 or 9 track drives.

Selected operations are initiated, timed and the times are then typed in decimal ps.
There is no limit checking on times by the program, the decisions on the validity of times
typed must be made by the person operating this test.

|
REQUIREMENTS

Equipment

PDP-2 or PDP-L
TC59 Magnetic Tape Conirol
Tto 8 TU20 7 or 9 Track or Similar Magnetic Tape Transports

Storage

The program occupies most of memory from address 200 to 4000 and utilizes a Write Buffer
area 10000 to 12525 and a Read Buffer area 12525 to 15252.

Preliminary Programs

The TC59 control test should run in its entirety before attempting to run the TC59 DFT
program .

|
|
|
i
|
|
|
|
|

PROCEDURES

Loading Procedure

a. Place the ABS Binary tape in the paper tape reader
b. Set the ADDRESS to 17720

¢, Press 1O RESET

d. Press READ IN

Starting Procedure

Control Switch Settings ~

a. Drive Selection - Any Configuration of 1 to 8 (7 or 9 track) drives may be |
selected VIA the Switch Register Bits O to 7 and 10 to 17. Each bit is a master
bit for selection of a drive. When the switch is a 1, the drive is selected; when
a 0, the drive is not selected. Switch 0 is Drive 0; Switch 1 is Drive 1, etc.,

until Switch 7 is Drive 7.

ny configuration except all Os is valid. For the 9 track option, Switches
10 = 17 are used as master bits. SW10 is the master bit for Drive 0 and SW17 is
the master bit for Drive 7. The SW=0 is 7; track=1 is 9 track.,




3.3

3.3.1

4.0

b. Machine Cycle Time

AC SWO =1 PDP-9 1.0 ps cycle time
AC SW1T =1 PDP~9 (Parity) 1.2 ps cycle time
AC SW2 =1 PDP-2L 1.5 ps cycle time

Starting Address - The starting address of the TC59 DFT is 0200.

Program and/or Operator Action -

a. Set the ADDRESS to 0200

b. Set the AC Switches to select drives (Ref. 3.2.1 a.)

c. Press 1/O RESET '

d. Press START. The program will read the switches, test SWO to SW7 for non-zero and
halt af address 0204 if no drives were selected. Select drive per step b. and press
CONTINUE. If a drive(s) was selected the program will halt at address 0211

e. Clear all AC Switches

f.  Set AC SWO, 1, or 2 to indicate correct machine cycle time (Ref. 3.2.1.b)

g. Set AC SW4 as desired (Ref. 3.3.1)

h.  Press CONTINUE; the program will rewind all drives to BOT, initiate selected

operations, and type out accumulated times in decimal ps.

Operating Procedure

Operational Switch Settings ~

The test only has T switch option
SW3=1is halt at end of test
SW3=0 is repeat all tests on drives currently selected.

ERRORS
This program has no internal error detection and, therefore, no actual error typeouts

or error halts. The final determination on the validity of function times typed out is left

to the discretion of the operator. Inconsistencies in the times typed, however, should

indicate specific failures in the control and/or drive. Initially, most of the function times

typed by this program appeared to be accurate within .1% of the times expected on «

45 in per second TU20. There are two exceptions fo this case:

FWD DECELERATION
BKW DECELERATION

Typical TU20 Function Times

The following typeout examples are typical of the function times expected from a
45 IPS TU20 timed on a standard (No Parity Option) PDP9. For the typeout examples

used, Drive 0is a ? track drive.
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Typeout
DRIVE O
TIME
181398
003600
010724
005340

DRIVE 3
TIME
181391
003600
010724
004840

DRIVE 5
TIME
182212
003600
011738
005080

DRIVE O
TIME
000075

DRIVE 3
TIME
012915

DRIVE &
TIME
013360

DRIVE O
TIME
014310
006260
002700

DRIVE 3
TIME
014310
006260
002700

Reference Section

FUNCTION

WRITE LOAD POINT DELAY
WRITE SHUT DOWN

WRITE START

SETTLE DOWN

FUNCTION

WRITE LOAD POINT DELAY
WRITE SHUT DOWN

WRITE START

SETTLE DOWN

FUNCTION

WRITE LOAD POINT DELAY
WRITE SHUT DOWN

WRITE START

SETTLE DOWN

FUNCTION
WRITE TO ERASE HEAD

FUNCTION
WRITE TO ERASE HEAD

FUNCTION
WRITE TO ERASE HEAD

FUNCTION

WRITE NONSTOP GAP
BKSP SHUT DOWN
READ SHUT DOWN

FUNCTION

WRITE NONSTOP GAP
BKSP SHUT DOWN
READ SHUT DOWN
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Comment

Settle down is too long

Settle down is too short

Count is 1 ms long

Count is also T ms long
Settle down adjusted properly

Type is not being erased

The difference in times between

3 and 5 is due to the physical
positions of the erase head.
Both times are acceptable.



Typeout Reference Section Comment

DRIVE 5

TIME FUNCTION

015210 WRITE NONSTOP GAP 5.6 Count is again 1 ms long

006260 BKSP SHUT DOWN 5.7 Count is again 1 ms long

003600 READ SHUT DOWN 5.8 Read shut down must be less
than Write

DRIVE O

TIME FUNCTION GAP CONSISTENCY Since the read and write

017820 GAP 1 heads are physically closer

015275 GAP 2 together on a 9 track TU20,

014190 GAP 3 gap sizes will be smaller

020255 GAP 4 5.9 than on a 7 track driver.

022615 GAP 5

025430 GAP 6

027740 GAP 7

030955 GAP 8

DRIVE 3

TIME FUNCTION GAP CONSISTENCY

021010 GAP 1

019405 GAP 2

018355 GAP 3

027005 GAP 4

032725 GAP 5 5.9

038335 GAP 6

044520 GAP 7

049805 GAP 8

DRIVE 5

TIME FUNCTION GAP CONSISTENCY

(22020 GAP 1

019730 GAP 2

019945 GAP 3

028385 GAP 4 5.9 Since write start counts are

034730 GAP 5 incorrect on this drive, the

041065 GAP 6 gaps sizes will not agree with

046635 GAP 7 drive 3.

051485 GAP 8

GAPS1>2 3<1 OR2 8>7>6>5>4>10R2

DRIVE ©

TIME FUNCTION

010740 WRITE START

DRIVE 3 5.3 These typeouts prove that tape

TIME FUNCTION does not drift backwards to BOT

010745 WRITE START 5.1 after an IO Power clear.



Typeout Reference Section
DRIVE 5

TIME FUNCTION

011740 WRITE START

WRITE XIRG TIMES 5.10
TIME

096075 DRIVE O

096055 DRIVE 3

096065 DRIVE 5

READ FROM BOT DELAYS

TIME

086300 DRIVE © 5.11
086285 DRIVE 3

086290 DRIVE 5

LAST CHAR INPUT TO MTF

TIME

000946 DRIVE O 5.12
000947 DRIVE 3

000944 DRIVE 5

WRITE EOF TIMES

TIME 5.13
100455 DRIVE O

103641 DRIVE 3

103620 DRIVE 5

DRIVE O

TIME FUNCTION

009411 EOR TO EOF SP TIME STATUS=000100
002700 SPACE SHUT DOWN 5.15
DRIVE 3

TIME FUNCTION

106872 EOR TO EOF SP TIME STATUS=410100
002700 SPACE SHUT DOWN 5.16
DRIVE 5

TIME FUNCTION

106548 EOR TO EOF SP TIME STATUS=410100
002700 SPACE SHUT DOWN

DRIVE 3

TIME FUNCTIONS AT 556 BP!

181380 WRITE LOAD POINT DELAY 5.1
020645 ONE INCH DATA TIME 5.14
003600 WRITE SHUT DOWN 5.2
006260 BKSP SHUT DOWN 5.7

Comment

Again, for the nine track drive,
the read and write heads are
closer together than the 7 track
drive. The write EOF time will
be somewhat less on the 9 track
drive.

There is an apparent erase head
problem with Drive 0. In con-
junction with the write to erase
head failure, it would appear
that tape was not being saturated .

556 and 200 BOI tests are not
made for 9 track drives. Note
that Write Load Point, Write
start (200) and Read shut down
are stitl 1 count long on drive 5.



Typeout
000956
002700

DRIVE 5
TIME
182410
022130
003600
006260
000962
003600

DRIVE 3
TIME
010985
022260
003600
006260
001165
002700

DRIVE 5
TIME
011995
022260
003600
006260
001118
002700

DRIVE O
TIME
002960
000834

DRIVE 3
TIME

002810
001158

DRIVE 5
TIME
003060
001050

DRIVE O
TIME
000415

Reference Section

LAST CHAR IN TO MTF 5.12
5

1
READ SHUT DOWN .8

FUNCTIONS AT 556 BPI
WRITE LOAD POINT DELAY
ONE INCH DATA TIME
WRITE SHUT DOWN

BKSP SHUT DOWN

LAST CHAR IN TO MTF
READ SHUT DOWN

FUNCTIONS AT 200 BPI
WRITE START

ONE INCH DATA TIME
WRITE SHUT DOWN
BKSP SHUT DOWN
LAST CHAR IN TO MTF
READ SHUT DOWN

Ut Oy Oy v U O
QO NN — W

FUNCTIONS AT 200 BPI
WRITE START

ONE INCH DATA TIME
WRITE SHUT DOWN
BKSP SHUT DOWN
LAST CHAR IN TO MTF
READ SHUT DOWN

FUNCTION
FWD ACCELERATION 5.1
FWD DECELERATION

w
[oolN

FUNCTION
FWD ACCELERATION
FWD DECELERATION

FUNCTION
FWD ACCELERATION
FWD DECELERATION

FUNCTION
FWD DECELERATION 5.18
(CALCULATED)

Comment



5.0

Typeout Reference Section Comment

[R———

001803 BKW DECELERATION 5.19

000857 BKW DECELERATION 5.19
(CALCULATED)

DRIVE 3

TIME FUNCTION

001205 FWD DECELERATION
(CALCULATED)

002004 BKW DECELERATION

001057 BKW DECELERATION
(CALCULATED)

DRIVE

TIME FUNCTION

001205 FWD DECELERATION
(CALCULATED)

002004 BKW DECELERATION

001057 BKW DECELERATION
(CALCULATED)

DRIVE 5

TIME FUNCTION

000770 FWD DECELERATION
(CALCULATED)

001932 BKW DECELERATION

000988 BKW DECELERATION
(CALCULATED)

END OF TIMING

DESCRIPTION

The TC5%9 DFT program is a combined diagnostic testing control and tape unit functions
that may interact with each other. The following paragraphs are descriptions of the functions
timed (9.X.1), the program procedure to time these function (9.X.2), the drive and/or
control failures that can effect the times expected (2.X.3), and the accuracy (or inaccura~-
cies) within the timing loop for that particular test (9.X.4).

Write Load Point Delay

Purpose of Write Load Point Delay - The write from Load Point Delay is the time necessary
for tape to move the Load Point Marker (LPM) from the Load Point Photocell to the Write
Head (WH) and then approximately 6 in past the Write Head. The first record on tape must
be written at least 6 in  paost the Load Point Marker.

Program Procedure to Time Write from Load Point — First, all drives selected are rewound to
Load Point and the program generates an all 1's pattern in the write buffer area. From Load
Point, a write, odd parity ot 800 BPI command is executed. The Write command is loaded

CA and WC are set up. The MTGO 10T is issued. Immediately after the MTGO 10T, the
TC59 does the following:
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5.2.1

o
i
N

5.2.4

a. Gets the Write from BOT count for the drive selected

Sets the Date Flag to request the first word be output

. Starts Tape Motion on the selected drive

d.  Starts to count out the Write from BOT delay utilizing the 800 BPI clock

coming back from the selected drive

When the write from BOT delay is counted out, it starts to write the first word.
When the first word is written, the data flag is set and the second word is outputted
from the computer to the TC59.

SR

-y (]
»

Meanwhile, the program is monitoring the Current Address contents waiting for it to indicate
that the second word is output, and incrementing a loop count everytime that it finds the
second word is not oufput.

The time from MTGO until the second word is output about equals the WRITE from BOT
Delay Count.

Failures That May Effect WRITE BOT Delays ~

a. TC59 MUC does not operate correctly.

b. Selected drive does not transmit the right count back to the TC59.

c. 800 BPI Clock is at the wrong frequency.

d. TC59 Timing Buffer operates and/or loads incorrectly .

Accuracy = The timing loop which loses 6 cycles because of 2 data breaks, is itself 7 cycles

and could lose up to 11 cycles. The program cannot sense that the delay is over until the
second word is output, and the time necessary to write the first word will be reflected in
the time typed. Also, the MTGO IOT is not initially synchronized with the 800 BPI Clock
coming from the selected drive and the time typed may have an additional variation of

i clock,

Write Shut Down

Purpose of Write Shut down =The Write Shut Down count is necessary to keep tape moving
afrer o written record so that the correct interrecord gap will exist on tape between records.

Program Procedure to Time Write Shut Down = The program times the Write Shut Down

séquency Trom the same record used fo time Write from Load Point Start. The Write Shut
Down period timed by the program is that period of time from when the MTF goes to a |
until the Control Unit becomes ready .

Failures that May Effect Write Shut Down

a.  TC59 MUC does not operate correctly

b. Selected transport does not transmit the correct count to the TC59.
¢. 800 BPI Clock is not af the correct frequency.

d. MTF sets ab an incorrect time.

Accuracy of Write Shut Down =~ Write Shut Down is timed with a 20 cycle loop, the
program waits for the MTF in a 5 cycle loop.
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5.4.2

5.4.4

Write Start

Purpose of Write Start Count - The Write Start Count is the length of time necessary for
fape to: start moving; come fully up to speed and move far enough at full speed to
guarantee that a 3/4 in. interrecord gap will be written if the last operation was a read
or space forward.

Program Procedure to Time Write Start ~ The program utilizes the same procedure to time
Write Start as it did write from Load Point. The time from MTGO until the second word is
output will reflect the Write Start Time.

Failures That May Effect Write Starf -

a. TC59 MUC
b. Selected Drive transfers Incorrect Write Start Count
c. 800 BPI Clock in the selected drive is at incorrect frequency.

Accuracy of Write Start Timing = Timing loop loses 6 cycles because of 2 data breaks. The
loop itself is 5 cycles. The MTGO IOT is not synchronized with the 800 BPI clock coming
from the selected drive and the time typed may have an additional variation of 1 clock time.

Settle Down Delay

Purpose of Settle Down Delay - Tape does not actually stop moving until some period of
fime after the shut down counts are timed out. Also, after tape has been fully stopped, an
additional period of time is necessary for the tape itself and motion hardware in the drive
to "settle down" and become stable.

The Settle Down Delay is that period of time necessary for tape and the mechanical
characteristics of the drive to become stable, so that the drive cannot be operated,
Start/Stop, at o frequency where it is mechanically resonant.

Program Procedure to Time Settle Down - Settle down is started when any of the Shut Down
Counts are completed and the drive is actually told by the control to stop tape motion.
This is also the point at which the control unit becomes ready. The tape unit or drive is
"Not Ready ", then, until the settle down delay is over.

The program times settle down from the same record that is used fo time Write Start,
after Write Start is timed, the program waits for Control Ready and then monitors and times
TAPE UNIT NOT READY until tape unit is ready .

Failures That Can Effect Settle Down

a. Settle Down does not fire (time typed will be 000020)
b. Settle Down not adjusted to the correct time.

Accuracy of timing Settle Down ~ The program units for Control Ready ina 5 cycle loop.
The program monitors Settle Down in a 20 cycle loop.
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Write to Erase Head

Purpose of Erase Head = The purpose of the erase head is to guarantee that tape past the
last block written on tape is the same flux state (Write Reset) of the write heads. This
serves several purposes:

a. 1f the tope is later recorded on from this point, the drive used at that time may have
different stop characteristics and it would be possible to leave old data recorded in
the interrecord gap.

b. When recording ot the higher densities, the erase head removes all the old data
recorded on tape and the process of recording new data does not have to also change
the old flux pattern on tape.

c. Track alignment and Head width from drive to drive is not identical, and if not for
the erase head, it would be possible for some of the edge areas of old data tracks to be
left on tape when changing tape from drive to drive and re-writing.

Program Procedure for timing Write to Erase Head = First, a fairly long record of all 1s is
recorded from Load Point. (This program utilizes the same record used to time Write Load
Point Count). The drive is rewound to Load Point and the program sefs up to write a 3 word
record of all 1s and starts the Write operation. When the third word is output, indicating
that the first two words are written, the program issues a CAF (IO Power Clr) IOT which
stops all data transfers to and within the TC59 and causes the drive to Shut Down. Tape on
the selected drive will still coast for the forward deceleration time of the drive and the
Erase Head should still be erasing tape.

The tape is again rewound to Load Point and o Read operation is initiated. The MTF will
set to a 1 in the gap following the 2 word record. At this point, the program forces tape fo
go non=stop (MTAF/MTGO) and times until the first data word that the erase head did not
erase is input. The time typed should about equal the length of time it takes for tape to
move the distance from the Erase Head to the Write Head at full acceleration.

If tape is developed it should appear as follows:

LOAD POINT MORKER OLD DATA
[ 2 WORD RECORD — e LEFT FROM
s PREVIOUS RECORD
¥ Y Q/

o J

v Vv
SHOULD EQUAL WRITE TO ERASE

" HEAD + FORWARD DECELERATION
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5.5.4

5.6

5.6.1

5.6.2

Failures that can effect Write to Erase Head Time -~

No current through the Erase Head

Not enough current through the Erase Head to fully saturate.
Erase Head too far from the tape surface

Tape speed at full acceleration is incorrect

Deceleration time is incorrect

Last character input to MTF time is incorrect

P 2.0 U Q

For failures a, b, and ¢ the time typed will be a minimal number, probably less than 100 s,
and tape when developed would appear as follows:

OLD DATA
2 WORD RECORD — FROM PREVIOUSLY
—1/ RECORDED DATA
LOAD POINT

L1

Sy

L DRIVE DECELERATION TIME

Accuracy of Write to Erase Head Timing = Program is not synchronized with the 800 BPI
clock from the selected drive. MTF time could vary by 1 clock. The Timing loop is

itself 5 cycles. 12 to 17 cycles could be lost sensing the MTF and to execute MTAF/MTGO.
Since the erase head position is adjustable, the Write to Erase Head time from drive to

drive can vary up to 15%, but should remain fairly constant for the same drive from pass to
pass .

Write Non=stop Gap

Purpose of Write Non=stop Gap ~ The Write Non=stop Gap Time, is the accumulation of
Write Shut Down and Write Start times. The total of these two times should be great enough
to guarantee that the interrecord gap will be greater than 3/4 in  when writing Start/Stop.

Program Procedure for Timing Write Non=stop Gap = First, the drive is rewound to Load
Point, and a record is written. When the MTF goes to 1, indicating the first record has
been written, the program forces tape to go non=stop and write a second record. The time
typed is the period from the MTF for the first record until the second word is output for the
second record. (see "Write Load Point" Section 5.1 and "Write Start”, Section 5.3)

H
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Failures That Can Effect Write Non=Stop GAP

a. Write Shut Down incorrect) (See Section 5.2.3)
b. Write Start incorrect (see Section 5.3.3)

Accuracy of Write Non=Stop Gap Timing = Sensing MTF=1 and MTAF/MTGO sequence,
including settings CA and WC, could cause 2 cycles to be lost in the timing loop. The
timing loop itself is 5 cycles. There are 6 cycles lost due to 2 data breaks.

Backspace Shut Down

Purpose of Backspace Shut Down - Backspace Shut Down is the length of time necessary
to guarantee that if a Write operation is started forward after a backspace, tape will be
positioned such that all previous data is in front of the Write Head and will be erased.

Backspace Shut Down must be less than Write Start. This is to guarantee that inter-
record gaps will be larger if a backspace/rewrite operation is initiated.

Program Procedure for Timing Backspace Shut Down = The program writes a record, issues a
backspace command to the control and drive setting the -1 for 1 record. When the MTF is
set to 1 indicating backspace complete, the program times from that point until the control
unit becomes ready .

Failures That Can Effect Backspace Shut Down Time -

a. TC59 MUC operates incorrectly
b. 800 BPI Clock is the wrong frequency
c. Selected drive transmits the wrong delay count to the TC59.

Accuracy of Backspace Shut Down Timing - Two cycles could be lost sensing for MTF=1. The
timing loop for Backspace Shut Down is 20 cycles.

Read Shut Down

Purpose of Read Shut Down = The Read Shut Down time is to move data past the Read Head
far enough for the tape to be fully accelerated if a Read is followed by a backspace.

Read Shut Down must also be less than Write Shut Down to guarantee that the Erase
Head and Write Head will stop in the correct areas to fully erase tape if a Read is followed
by a Write. Also, if a Read is followed by a Write, the interrecord gap must still be af
least 3/4 in.

Failures That May Effect Read Shut Down

a. MUC not operating correctly
b. Drive transfer incorrect count to TC59 for Read Shut Down
c. 800 BPI Clock from selected drive is at the wrong frequency .

Accuracy of Read Shut Down Timing - Two cycles may be lost during sensing of the MTF.
The Read Shut Down timing loop is a 20 cycle loop.

12



5.9 Gap Consistency

Since none of the gap lines typed will (or should) be the same, the term Gap
Consistency may initially appear to be o mis-nomer. However, it is the gap size relation=
ship that must be consistent.

5.9.1 Purpose of Gap Consistency - For operation, the interrecord gaps on tape must be af least
3/4 in, to guarantee that data may be written on one drive and Read on another drive with
completely different stop/start characteristics. The minimum gap size of 3/4 in. is generated
when a Read operation is followed by a Write. All of the other gaps should be correspond-
ingly larger depending on how they were written.

5.9.2 Program Procedure for Timing Gap Consistency

a. A total of 10 records are written on tape (from BOT) utilizing different programmed
sequences to generate the interrecord gaps.

b. The drive is rewound to load point and a Read operation is initiated. As the MTF is
set at each end of record, the Read command is continued non=stop and the program
times until the first word of the next record is input.

c. Attheend of the 10th record, the accumulated Gap Times are typed in decimal ps.
There are a total of 8 interrecord gaps that are timed between the 10 records and they

are generated as follows:

GAP WRITE GAP TIME
NUMBER PROCEDURE RELATIONSHIP
1 NONSTOP WRITE SHUT DOWN +

WRITE TO WRITE

WRITE START +
TAPE MOTION TIME FROM
WRITE HEAD TO READ HEAD

2 START/STOP GAP 1 + FORWARD DECELERATION
WRITE TO WRITE - FORWARD ACCELERATION
3 START/STOP 3/4 IN TAPE
READ TO WRITE GAP 2 - (WRITE SHUT DOWN -
READ SHUT DOWN)
4 START/STOP NOT LESS THAN TAPE MOTION TIME
A = WRITE GAP 2 + FROM WRITE TO READ HEAD
B - BACKSPACE
C - WRITE
5 START/STOP NOT LESS THAN
A - WRITE GAP 4 + TAPE MOTION
B - BACKSPACE TIME FROM WRITE
C - WRITE TO READ HEAD.

D - REPEAT FROM "B"

(BACKSPACE - WRITE TWICE)
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GAP WRITE GAP TIME
NUMBER  PROCEDURE RELATIONSHIP

6 SEE GAP S NOT LESS THAN GAP 5 + TAPE
REPEAT B AND C MOTION TIME FROM WRITE TO
THREE TIMES READ HEAD,

7 SEE GAP 5 NOT LESS THAN GAP 6 + TAPE
REPEAT B AND C MOTION TIME FROM WRITE TO
FOUR TIMES READ HEAD

8 SEE GAP 5 NOT LESS THAN GAP 7 + TAPE
REPEAT B AND C MOTION TIME FROM WRITE TO
FIVE TIMES READ HEAD.

Failures That Can Effect Gap Consistency

a.  Write Start Count incorrect
GAPS Tie 8

b,  Write Shut Down incorrect

Excludes GAP 3

See 5.2, 5.6)

Forward Acceleration incorrect

Gaps 2 to 8

See 5.17)

d. Backward Deceleration incorrect
Gaps 4 to 8
{See 5.19.3)

&. Read Shut Down incorrect

GAP 3

See 5.8)

Backspace Shut Down Incorrect

GAPS 440 8

(See 5.7)

)

=y
-

Accuracy of the Gap Consistency Timing = 2 Cycles may be lost for sensing the MTF at the
start of each gap.

The 800 BPI Clock is not synchronized with the data being input and the times may vary
by 1 clock pulse.

The timing loop is itself cycles.

Write With Extended Interrecord Gap

Purpose of Extended Interrecord Gap = The Write with exiended interrecord gap is a function
somewhat peculior to the TC59 Mag Tape Control. This function allows recovery from o
write error to consist of issuing only 2 commands. (Space Reverse, Write with XIRG)
Instead of the normal Write Start Delay necessary to generate a 3/4 inch gap, the XIRG
delay is long enough fo erase af least 3 in of tape more than the normal gap.

14



5.10.2

5.10.3

5.10.4

5.11.1

5.11.4

The result is that the some data may be written on an entirely different area on tape
and with any erronecus data being erased.

Procedure for Timing Write with Extended Interrecord Gap - The start process for Write
with extended gap is the same as o normal write except that command register bit 5isa 1.

TS
i U O sl T
{See 5.1.2, 5.3.2;

That pericd of time from MTGO until the second data word is output constitutes the
XIRG delay count.

Failures That Moy Effect Weite With XIRG

a. Control improperly decodes CMS5.
b. All failures that may effect Write Start or Write from BOT (5.1 and 5.3)

Accuracy of Write XIRG Timing = The processor is not synchronized with the 800 BPI clock
and the time typed may vary by 1 clock time.

The program utilizes a 5 cycle loop to test for the second data work out.
6 cycles may be lost due to 2 data breaks.

Read From BOT Delays

Purpose of Read from BOT Delay = The BOT wait count for a Read operation is that period of
time necsssary to move the Load Point Marker from its sensing photocell to the Read Head
and then approximately 3 in post the Read Head.

Note that the first record written on tape is written at lease 6 in past the load point.
For compatibility purposes, the tape control must be capable of reading the first record from
load point even though ifs start may be less than the & in written by the TC59.

Program Procedure for Timing Read From BOT = First, all drives are rewound to BOT. Each
drive is moved forward until the BOT status goes away (the drive is no longer at load point).
Then an 1O PWR Clear [CAF) is issued causing all tape motion and data transfer to cease.
Then, an exira fong record {opproximately 10 in) is written and its Write Start delay timed
and typed as an indication that tape did not drift backwards into load poesition again.

{These are the Write Start Typeouts that precede the Write XIRG Times.)

This extra long record covers that area of tape that would be skipped by a normal

Write from BOT.

Al drives are again rewound to BOT and a read command is initiated. The program
Hmes from this MTGO until the first data word is input. This period of time constitutes the
Read from BOT Delay. The operation is timed on all selected drives and the accumulated
times are typed in decimal microseconds.

Failures That May Effect Read From BOT The drive transfers the incorrect count to the TC59.
By this point it should be known if the MUC or 800 BPI Clock are operating incorrectly.

Accuracy of the Read from BOT Timing = A full word has to be assembled before the first
word is input.

15
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The processor and data being read from tape are not synchronized with the 800 BPI Clock
and the time typed may vary by 1 clock pulse.

The program loop for sensing the first data word input is itself 5 cycles.

Last Character Input to MTF

Purpose of Last Character inpuf to MTF = Last character in to MTF is that period of time
for the TC5Y to sense missing 3 data characters (EOR) on tape and to make one pass through
the MUC and set the MTF. This time is typed for 800 BPI, and if the drive is 7 track if is
also typed for 200 and 556 BPI.

Program Procedure for Timing Last Character to MTF = A record with a known word length is
writfen on tape. The program then backspaces and reads until the last data word is input
and then waits in a 3 cycle loop until the program is interrupted. The backspace/read
operation is repeated three times so that the time typed is an average of the 3 tries and some
of the inaccuracies in the procedure are compensated for.

Failures That May Effect Last Characteristics to MTF

a.  Sensing of EOR improper
b. MUC not operating correct!

f g Y
800 BPI Clock af the incorrect frequency

8]

Accuracy of Timing Last Character to MTF = The data being input and the processor are not
synchronized with either the 800 and 556 BPI Clocks in the drive, and the 800 and 556 BPI
Clocks crc ‘Hemsefves not synchronized. The times for 800 and 200 BPI may vary up to 1
800 BPI Clock. The time for 556 BPI may vary as much as 1 556 BPI Clock with an addi-
tional variation of 1 800 BPI Clock.

Of the three times, 200 BPI will be the most accurate .
The program counts in a 3 cycle loop while waiting for MTF.

A fudge factor of 18 cycles is added to the accumulated times to compensate for data
breaks and sensing that that lost data word is input.

Write EOF Time

Purpose of Write EOF Time - The Write EOF Time is to erase approximately 3 in of tape,
write the EOF mark and its LPCC and move the marks from the Write to the Read Head and

detect them.

Program Procedure for Timing Write EOF -~ A write EOF command is initiated. The program
then times from MTGO until it is interrupted by the write EOF Status.

Fotlures That May Effect Write EOF Times

a. Incorrect count transfer from the drive to the TC59
b. 800 BPI Clock at the wrong frequency

16
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Aceuracy of Write EOF Timing = The processor is not synchronized with the 800 BPI Clock

LhE ¥V E

and the time Ty ed may vary by 1 to 3 Clock times.
yP y by i

The fime ?ypei' should approximate write extended interrecord gap, plus tape motion
e Write Head to the Read Head, plus approximately last character to MTF time.

One Inch Data Time

Purpose of One Inch Data Timing - The program times the data output fransfer of 556 and
200" BPI to prove that the control selects the correct transfer fimes for those densities. Also,
to prove that the 556 BPT clock is operating at the correct frequency.

Program Procedure to Time One Inch Data = The program writes records at 556 and 200 BPi
sponds fo r;fmmxsmcsf@%f 1in. of data on tape. Since the PDP~9 word length is an
t of 3 characters, the number of characters written do not correspond to exactly

?(;H ar Abé

that cor

The record written to time 556 BPI is actually 564 characters in length. The record
written to time 200 BPI is actually 207 characters in length. In both cases, the program
actually times from the point that the second word in the record is output (see paragraph
5.1) until the last word is output. Six character times out of the records written are not

in the timing process. The number of characters actually timed are 558 for 556
BPI ond 201 for 200 BPT.

uras That Can Effect One Inch Data Time

a. 556 cr at incorrect frequency Tape Control does not select the correct
clock frequency .

b. Character counter and/or writing set data flag operate incorrectly.

Accuracy of One Inch Data Timing ~The program is not exactly synchronized with the 800

or 556 BP1 clocks. The program waits for second data word output in a 5 cycle loop and

also waits timing for last word output in a 5 cycle loop. The program adds in a factor to
compensate for the number of timing cycles not counted for the sequence of data breaks made.

EOR to EOF Space Time STATUS =410100

Purpose of EOR to EOF Space Time - This is for tape to move non=stop from the end of o
record to an FOF mark following the record. The procedure used to time this operation is
actuatly o test of ERASE and WRITE Head polarities.

Procedure to Time EOR 1o ECF Space

a. Al drives are rewound to BOT

b. A three word record is written

c. An EOF is writien and timed (see 5.14)

d.  All drives ars again rewound te BOT

e. The three word record is re-written

f. Tape is backspaced over the three word record

g. Tape is spoced forward 2 records, when the WC indicates the first record has been
spaced over, interrupts are enabled and the program times until an interrupt is received
that should indicate an EOF.

17
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Failures that can Effect EOR to EOF Space Time

a. Status does not =410100
Erase head wrong polarity
Erase head current less than enough to fully saturate the tape
One or more of the write tracks at a polarity different from the O state polarity of the
other heads.
Write Reset fails
One or more sensitive read amplifiers
Write EOF does not actually write EOF
b. Status does = 410100
Write EOF time is incorrect (see 5.14)

Accuracy of EOR to EOF Space Time = The processor is nof synchronized with the 800 BPI
clock and the time may vary by | fo three clock pulses for the same drive.

Space Shut Down

Same as a Read Shut Down; See 5.8

Forward Acceleration

Purpose of Forward Acceleration = This is the amount of time necessary for tape to start
moving from a complete stop and for it to move far enough to input 1 data word .

Program Procedure to Time FWD Acceleration

a. A fairly long record is written on fape
. Tape is backspaced over the record
c. A read forward is begun and when the first word of data is input, an 10 PWR Clear
(CAF) is issued, stopping all tape motion and data transfer
d. Wait for settle down
e. A new read operation is started, and the program times from MTGO to first data word
input.

Eailures that can Effect FWD Acceleration -

a. All mechanical forward start adjustments

b. Drive Settle Down

c. Reod start count cannot be timed, but a failure that would cause this count fo exceed
normal tape acceleration time would appear here.

Accuracy of FWD ACCELERATION Timing ~ The program can only sense a full word input;
Tiis will add a small amount of Fime. Tdpe may have stopped any place within one bit time
(800 BPI Clock) of the first character read. This could cause the time typed to vary by 1
bit time.

Forward Deceleration

Purpose of Forward Deceleration = After the drive has actually been told by the control to
stop, fape will keep moving in the forward direction for some period of time. (i.e.,ona
TU20 until the pinch roller actually leaves the surface of the tape). This period of time

is the forward deceleration time.
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5.18.3

Program Procedure for Timing Forward Deceleration = This program uses two methods to
Jetermine fhe forward deceleration fime. The results of the two methods can be distin=
guished oz follows:

FWD DECELERATION (5.18.1)
FWD DECELERATION (CALCULATED) (5.18.2b)

a. FWD DECELERATION = The program writes a fairly long record on tape. Then back-
spaces over the record reads and times from the first word input until the MTF is set af
end of record . This time is saved. Then forward acceleration is timed (utilizing the
same record). Once FWD acceleration has been determined, the program again times
until the MTF is set to 1 at end of record. This time is then subtracted from the
original first word to MTF. The difference between the two times should reflect the
amount of data missed by FWD deceleration. The difference between the two times
chould reflect the amount of data missed by the forward deceleration time of the drive.

b, FWD DECELERATION (CALCULATED) = The second method the program uses to deter=

mine the forward deceleration time of u particular drive is as follows:

(1) GAP 1 of the gap consistericy test was written non=stop, and tape should have
been moving af full speed for the accumulated Write Shut Down and Write start
times .

(2) GAP 2 of the gap consistency test was writfen start/stop. Tape moves af full
speed for Write Shut Down, continues on at full speed for the forward deceleration
time of the drive, and then stops. The drive is told to the forward acceleration
time, comes almost fully up to speed at this point, accelerates to full speed
within a short period of time and then moves at full speed for the rest of the write
stort time.

¢. FEWD DECELERATION (CALCULATED) is determined by subtracting forward decelera=
tion from GAP 1 and then subfracting that result from GAP 2. The result of these two
subtractions should reflect the forward deceleration of the drive.

Failures that can Effect Forward Deceleration - Most failures reflected in the forward
deceleration fime will be due to mechanical adjustments in the drive. Since both methods
used to determine forward deceleration rely on the forward acceleration, failures in for-
ward acceleration will effect the deceleration time.

The more obvious indications are as follows:

a. If tape does not come fo full speed within a short period of time, the relationship
between GAP 1 and GAP 2 will be such that the result of the two subtractions
(See 5.18.2 b) will underflow (become a negative number) and be typed in the
order of 200 ms.

Allow the timer program to make two or more passes. The times typed should
remain falrly constant from pass to pass. Large variations in times measured will

o

indicate tape speed fluctuation.

c. During the timing process described in 5.18.2 a, it is possible for tape to
determine forward aeceleration, and then drop out of speed to the point where
end of record is seen, causing o premature MTF. If this failure occurs, the time
typed for FORWARD DECELERATION will be in the magnitude of time that it
takes for tape to move 5 in.
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5.19.2

5.19.3

5.19.4

Accuracy of Forward Decelaration ~ OFf the fimes measured by this program, forward

Jeceloration is the least acaurate measurement; the inaccuracies are mainly due to the fact
that tape does not accelera’e to full speed immediately . This may cause the times typed to
be 20% less than actually expected, but should not be less than 50% of the times expected.

Backward Deceleration

Purpose of Backward Deceleration = For a short period of time after the tape drive is
actually stopped, tape continues moving in the reverse direction. This period of time is
backward deceleration time.

Program Procedure for Timing Backward Deceleration -

a. The program writes o fairly long record at even parity, writes several words of zeros,
and then a few more words of ones.

b. A space reverse is executed; the tape control finds the false end of record at the few
words of zeros and the Bad Tape Status is set when the all Is pattern is re-entered. At
this point, the program issues an 1/O power clear (CAF) 10T, clearing out the DEL
process in the tape control and causing the tape drive to start de~acceleration.

When the drive again becomes ready after settle down, the program initiates a
read command and waits for the first word to be input indicating forward acceleration
is completed. The program then times from the first word input until the MTF is set at
the false end of record. This time is typed as BKWD DECELERATION. The program
then subtracts LAST CHARACTER TO MTF time and types this result as, BKWD
DECELERATION (CALCULATED)

Failures That Can Effect BKWD DECELERATION - Most discrepancies in the BKWD DECEL-
ERATION Times measured will be due to mechanical adjustments in the drive. The BKWD
DECELERATION time measured can be effected by forward acceleration.

Accuracy of BKWD DECELERATION Timing = The BKWD DECELERATION Timing appeared
fo be accurate within 10% of the time expected on a 45IPS TU20.
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S e
3L 416

G417

47¢

47217

47z

Palt

o)

777777
V4 82
24851
wadiGt 33
23500
S42 7w
77304

7*Gvid?
6V A3T76
707322
TAVIRYL
7HA0 A
441425

549737

brGA Ay
78 3ar
1338625
281429
ivi6le

AT AREY AN

oldgohd
Cyid
527 86
6lyg4al1s
143417
1112730
6rd42¢

/ol Tal
TIMI2A

Tivies

aLL O] vES abe AT LUAU

[ Av. ~-3

hrall wit ul

| A0 CwogliF =1
trats Cat yt

LAL (476¢¢

Tas byye]ve

MILC

N’l’ U

Do LP1 [ Mp

Lai® (J4P TIMLPH

R S
Tu'
Jeib,
wl oy
iy
LA

o7 1T ke
Sas o wGHUC
NI
Ok

Jein TyQpky
AL LRI ME
Jas TYR TN

¥

TeEXTH
Crisuly
Ti=T?a
SR W
Ok v
.-
JMs waTRE W
JAS Oy
NE

JEJECT

POl

RE A

i'V[‘ [

Pard AL

ol wtlK



GRGROS PAGE 7

JALL DRIVES arf AT LUAD PUINT AGAIN

/WHITE UNE RECORD i

/EOLLOW WITH ONE RECURD NUNSTOP

JFOLLOWED w]TH U+ RECORD START STOP

JEOLLUWLD BY WRITE BACKSPACE READ WKITE

JFUCLLOWED RY WRITE BACK WRITEH

/THE FOLLOWING OPERATIONS AKE TIMED OQURING wR[Te PASS
JEOKR TO FIRST WURp wRITTEN NONSTOP

/BACKSPACE SHUTDOWN AND KEAuU SHUTDOWN

/
g1 4238 1614385 TIMTSS Jms Si1 /STORE ONES Iw oUrFER
wi 494 182776 IS WRINT ZINITIALIZE WC ANMD CA
AL 495 2¥3475 LAC (44600 /wRITE BGw ENI
di 426 342740 Talh Fuwlve /+ DRIVE NUMRRU
vii 427 JN7326 MILC /L0AD SOMMAND
41 430 TH7564 MTGU /aNp GO
Wi 431 23 a4 Lal (J4P TIMLEG /AND GO
432 AdygAat AL 1 /10 RETURN FRUM InTeiripP]
GE 433 141425 {2t LT IME JCLR A PASS CulnTew
A 434 784047 Tun ZENARLE InTeReurT
G435 HARAED JMr /wAlT FUR DUNE
/TIME Wil TE MUNSTUF Gab TimMp DURKING WRTIF
il 436 192776 TIMLPG JMS WRINT ZINITIALIAE WC AND CA
wi 4587 707322 MIaF /60 NUNSTOP
Wi 449 Trn7304 MTGLO
Vi 441 203476 LAGC (wWRBUF +1 /GET ADKS+1
Gi 442 5491833 SAll CALJC /wRITE GAP
g 444 680446 M s /2ND wORD RAS HeEw gul
Jt 444 441425 154 LPTIME /+1 LUDOP (OUNTER
vii 445 6RY4 47 JupP =3
G 446 7473531 MTTR /HALT FOR DRIVE heaiy
BE 447 6446 M -y C /LPTIME=WRITE NUNSTUP GAP
b 45y 192776 JHS WRINT ZINITIALTZFE WC ANMD CA
v 451 2R34T5 LAC (4460 /wRITE AT Bub
G452 342750 TAl FyuRlve /T URIVE
Vv 453 747326 MTLC /L0AD
GF 454 187334 MICY /AND GO
/

LEJECH



HRUNDS

ui 455
vy 456
Gl ah7
i 46y
4461
Vi 462
G463
G464
gt 465
viv 466
bv 467
vl 47%
G471
wi472
G474
vii 474
G475
Wi 470
A 477
gl 50y
av Pl
wb b2
AV 5PS

Wi Hnd
GE by
vl B 6
JvHB7
st 519
dt 51l
40512
5v518
G514
GYH15

516
41517
Yt 524
Gy 521
HEB22
brH23d
w524
0525
GiH26
Gt 527

PAGE

o]

767341
6RYIHH
2U3H 4
Tr7324
707327
747304
141426
777777
GaAQI ST
ZG858B6
aaAvvig
JNbi47
6ABAT1
20359
Gayvin
6BVAT7S
4471
6BB4T75
441426
767321
6Vy4d 77
707341
604542

2H82uz7
427
TB7326
112776
141427
747344
263547
Gau D1
740742
680515

208D Yn
A4Nvi19
61v521
449619
6RiNHZ1
441427
737321
6lY516
787341
606526

M1SF : /#aA1T FUR MTFE

JMP -1

LAG (7400

Lo /CHANGE CUMMANG

MEAF /T0 RACKSPACE

MT60

NgM SuTIME /COUNT FOK
LAW ~1 :

NAC WCLOUC
LAC (JH4P T1IMLF?

NAC 1 /INTERRUPL KREFURN
Tun /10N
JME /wALT FOR FLAG
TimpEP7 LAl (=3
Al 1¢ /TOTAL OF
JMP L+ /20 CYCLES IN
Ior 1w JTHIS TIMING LOUP
Jiape =1
Is# SuTliMe /+1 Tu LOUP CUUNT
MTOR /READY YE
JmE TP 7 /NG WATT SOME MUk
MTTR /HAVE ACCUM BKSKHALE
JmP -1 /SHUT DOWi FImE Tw
/
/NOw ACCUMULATE HEAD SHUT NOWN TIME
LAC (42660 /READ AT oy HP{
Tali FUw]VE /+ DRIVE nUmKEw
MILC /LOAD CUM
JMS WRINT ZINITIALIAE WC ANU €A
Nev TrTIME /CULR A PASS CulinTew
MTGO /G0
LAC (gP TIMiLP8 /INT KET
DAt 1
fuh /wALT
JMF /FOR UONE
/
/RETURN FROM MTF INTERKUPT TIME REAU SHUT DUwN
TIMLPB LAl (=%
NAC 1w /TIMING LuGP
Jub L+
1574 1¢ /RAS e CYCLES
N SR
Iod TrTIME /+1 LUOP UOUNT
MTCR /CU READY
Jmbk T[] 4LPu /NO READ SHUT huWn ST
MITR JUONTENTS OF THTIwE
Jrib =1 /1S PEAD SHUT DuUWn
/

LJEJECT



GRUNDOS

L2E D3P
g H 3l
G532
BE533
534
G B36
e 537
w49
W541
w542
gv B4

A1 544
biHab
B H46
Hsrha7
gt 554
12350
Wi552
gt 553
V554
vYs555
w556
wrss7
weo6w
w561
yrse2
Brs6es
u¥Hb4
565
vwrs566
wrse7
Bvs74Y

PAGE

9

w776
265475
34275
707326
727544
7H7541
6Rph 35
142776
TRn7322
787384
767341
618542

203585
747324
7177777
A9 37
TR7327
707304
787341
630552
182776
203514
747324
707322
7B7304
797341
608561
777777
240911
249e12
6bagu13
777776
W4pnrin

/aw ARITE

/THIS GaP SAfULy of
WRINT ZINITEALTAFE WC ANU CA

/
/BAhCKSPACE

JMS
[Af
Tab
MTLC
MI1GU
MISF
JMP
JMS
M1 AF
RG]
MISE
JME

(4460
Fuslive

o1

SMORF KECORL

LESS THAN

FIRST Two
/wR1E b

/1 LRIVE
/LOAD AND GU

W INT ZINITIALILZE WC AND CA

o1

AND REWRITE ONCE

Lat
L™
LoAW
nac
MTaF
MiGY
HSE
Jnp
JMS
LAC
Le™
MTAF
MIGO
MTSF
JMP
LAW
NDAC
DAC
DAC
LAW
3ac

JEJE

(790

-1
WCLUC

=1

/MAKE GAP SI/AbE LAxGER

/whlT FOR Wr1TE
/10 FEUk

JUHNG TO HALKOY
/1 RFLORD

/CLR FLAGS

/AND GO

/WALT FOR BACK DOwF

W INT ZINITIALLAE WC AND CA

(4190

=1
-1
11
12
19
=2
19

CcT

/CHNG BACK 10 wrRITE
/CLR +LGS

/AND 60

/WAIT FOR DUNE

/70 INDICATE
/HACK 3 CUMPLeTE
/sACK 4 COMPLETE
/5ACK 5 COMPLETE
/FIRST SEWUENCF
/1S RACK 2 TIMES

bl



JRUNOS

w571
DirH72
V573
574
w575
Wirh76
g1 577
Ui 609
oV 621
B6p2
GEeRd
dt 604
Gy 6as
Ji 666
b 6@7
d 619
g 611
4612
Broe1d
614
w615
4y 616
b 617
Uit 620
Bt 621
622
Ay 623
vl 624
2625
G626
41 627
D630
@63l
w632
Vi 633
V634
Bred3s

PAGE

14

1w2776
707322
707304
7107341
600574
777777
Y VNS
203505
7473524
707322
7A73u4
707341
6RB64
1¢#2776
243851
747324
707327
707304
707341
603613
44pa1¢
60576
449011
600624
777775
GAgr1 Y

608571

4441172
60631
777774
EN R
618571
449113
LHRYOEIE
777773
B4y
69571

/NOW WRITE BACKSPACE WRITE BACK WRITIE
/GAP SHUULN GET LARGER YET
/FIRST RECORD 2 BACK

/
MULWRT

MULBAK

JMS WRINT
MTAF

MTGO

MISF

JHp -1
LAw -1

DAl WCLUC
LAC (/7499@
LCM

MTAF

MTGO

MTSF

JmMb -1
JMS WRINT
LAC (4240
LM

M AF

MTGU

MISF

JMP -1
152 1u

JMP MULBAK
1S7 11

JMFE L +4
LAW =3

NDAC 1w

JMP MULWRT
I1S% 12

JMP L +4
LAw -4

AC 14

JMP MULWRT
1S4 138

JMP L+ 4
LAw =5

DAC 14

JiE MULWRT

JEJECT

SPACFE 2ND=3 3RND=4 4TH=5 RaACAUPS

ZINITIALLTAE WC AND CA
/START FIRST wWRITL

/wAlT FOR DUNE

/CHNG TU BKSPAC
/1 RFCORD
- /CLR FLAGS

/AND GO

/wAlT FOR BACKSPAL
/70 FINISH

ZINITIALLTZE WC ANU CA

/CHNG BACKSPAC
/BACK TO A wWRITE
/CLEAK

/AN G0

/wAlT FOR DUNL

/ACKSPACE ENUUGH TIMES
/N0 RAK AND WRT AGAN
/HAVE DOUNE 3 BAK SEG
/YES

/DONE 4 RAK SEQ

/UONF 5 BAK Sgn
/YFS TYPE ACCUM TIMeS



IRUNOS

AL 636
Ui ed7
At 64
Ui 641
B 642
Ur6e4d
I 644
AL 64n
A 646
AU 647
G 65y
Wi 6hb1
i 682
Gt 6538
it 654
4 65h
Vi 656
v 657
BsL 668

PAGE

11

77351
HAYESA
11344
13425
2111425
11616
A )
6R3115
271426
11616
w24
43127
2011427
201427
1h1616
BUPR24
V314
142730
645423

MTTR

BRI |
JMS STRlRFwW
JMS TYPDRV
LAaC 1 PTIME
JMs TYRT I
5

TexTé

LAC SuTIMte
JMS TYPTIM
74

TexT7

LAC TrTIME
LAC TRTIME
JMS TYPTIHM
24

TEXTH

JiS CHGORY
JHMP TiMTSs

JEJECT

/wAlT FOR
/URIVE READY

/START wEwlwd
/TYPE IRIVE Anli HeEAUFR
/GET LOUP COUNT
/FOR WRITE NONSTOF GAF
/% CYCLE LOuP
/FUNCHION TEXI
/GET LOOP COUNT KACKSPACUF
/5HUT DOWN T IMF
/246 CYCLF LuUOP

/GET LOUP COUNT

SREAD SHUT ulwn T ive
/e CYCLE LuOP

/G0ONE WRITE PASYS Filic A L
/a0 U NEXT DRIVE



IRUNODS

iy b6
gy 662
Lt 66%
i 064
viv 0659
L1666
Wi 667
679
Wit 671
AL 672
G673
Wi 674
a1 675
viv 076
vie?7
it 7
At 701
Iy
il 703
S 704
dl 7¢5
ACT706
Wi 707
S 718
di 711
ai 712
6t 713
viv 714
w715
Ji 716
dv 717
w720
w721

PALE

12

1vget7
141425
14142¢
141427
141434
141431
141432
141433
1414384
142776
23511
342754
TR7326
707384
77777
Adyit1 i
263517
vav71n
203513
G4n /vt
7686942
68746
142776
Ja7322
747384
775254
543032
60B717
441425
603713
443715
449110
607325

/NUOW READ

NunsSTy®R

/ACCUMULATE GAP TIMES ON RFAD

STYPE ACCUMULATE TIMES AT &N
/FIRST ANY SFCONI GAP TIMES SH
/THIRD GAP SHUOULY BE LESS ThHAwN
/FOURTH TO 8TH GAPS SHOULD GET

TIMTSY

READGLL

RDTIMRK

JMS WATREW

g LPTIME

NEM SOTIME

fed TrT M

ey STRT1Iw

N4 GAars

N£Y Gave

i1t Gavy

Né¥ GAPG

JES WRINT ZINITIALLZ
LAL 26y

TAL FuwlVe

MILC

MY

LAw =1

DAC 1w

LAC ({54 LPTINE)
DAC RUTIMR

LAC (Jd™P KEADL1

UF ReaD
ULty wt F
FIRST Tu

GUAL
G

INCREASINGLY LUNGER

/WALT FUOR

DRI

vE Ty

/FINISH REWINUING

/LR
/ALL
/LOCATTUN

M

/10 AUCUMULATE

/AP L IMF

bEOWC Al

/T0 CUUNT

/LUCATTUN

/10 DETECT FIRST pREAK

N

CA

&G

+1

ABS

FoOR L ALH

L HRUPT

AL 1 /SET Ub IRNT ke TURi
TN

JmE /WALT FOR InNT

JMS WRINT ZINITIALIZAF WC ANMD CA

MIAF

MTGO /GO NUNSTULP

LAW =nsLENTH+1

Salt WL uC JUATA HRAK YF I

JMP L+ 8 /YFS

[57 LPT M /+1 LUuOP COUNTFK
JMb =3 /HALT FOR Brtb Ar
157 RUTIMR /+1 LUOP COUNIR AUDKS
154 14 /ODONE & GAPS

JnP Reapll-2 /NO TIME NEXT

LJEJECT

GAP

AR



JRUNDS PaGct 14

G702 77777% LAaw -1
wi 77238 Bapni? Nat 1¢ /T0 CUUNT 8 TYPLOUTS
wt 7724 76u73a1 MITR
g1 725 o724 Jiako -1 /WALT FOR DRV V4
G 706 1087 54 JHS STHREwW /START REWIND
S 727 2AIS14 LAC (LPTIME-1
G736 AAGrLY DAC 1w /10 PICK UP EACH LAOEP CQUnT
bt 731 B4V 13 ) DAC 13 : /AND 10O SAVE CONVERT
et 732 23515 LAC (2h1 JEOR TYPFUUT GAP nNUMRER
wi 733 G4l NAC 11
a1 754 1743925 JMS TYPykv /TYPE URIVE AN Heaubx
vit 735 JHEHh16 LA (TEXTyY /TYPE KECURD GAF
81786 111447 JAS TYRET . /UDNSISTENCY
uv 137 2291w b uNPp LAGH® 1+ /GFT WEXT Ludb cOuni
4t 749 1u161A JMS TV TN /TYPE TiMe
wt 741 VNS Oh 5 /5 CYCLES PLR LuGr
At 742 d6S167 TeXT1a /WORN AP
gV 744 HOVAL3 nagts 1% /SAVE COMVERTED T Mp
vl 744 2ugy1t Lat 11 /+1 FuR NEXT GAP
ot 745 444011 s+ 11
wi 746 181473 Jms TYTASC /T1YPE GAP NUMBHK
i 747 449012 15/ 12 /ONE # GAP TYPLOUTS
G754 6viv737 JMPORHUMP /NO DU NEXT
G 751 211425 LAC LPTINME
v 752 662631 Nal® GPLSAY /9AVE GAPL
YL 753 201424 LAC LPTIME+]
w754 62637 ODACH LP2SAV /oAVE GAP¢
b 755 442631 I[57 GP1SAV
w756 442637 1574 GPPSAV
v 757 122737 JMS CHGURY /DONE ALL DRIVEDS
40768 6BB661 JMP TIMTS4 /NO DU NEXT DRIVE
vl 761 203517 LAL (TEXT11 JTYPFUUT wESCRIPTION
v 762 191447 JHS TYPET /UF GAP T[MES

/

LEJECT



UHUNOS

at 7638
e 764
40765
di 760
w767
wt 774
wi 771
G772
it 773
Vit 774
v 775
Jr 776
w777
41000
viehl
d1g8e
b1en3
41044
vwlees
Vwipne
Y147
Wilvild

PAGE

14

2113475
34275
1473826
767301
o766
707334
747352
53526
744730
688771
763307
172736
608763
777778
AAgeLe
2a3521
49711
169viit
4401
6R1uu4
203527
V41052

/

/9-URVNUS - TAPE ¢

/

/NOW MOVE EACH o”IVE RIGHT GFF LOAD POTKT
/S0 THALT A KECORD MAY Kt WRITTEN TO

JTEST LUAY PUINT READ OELAY TIME

TIMTSS LAC (44600 /WRITE BVuPol
TANN Fi3RivVe /+ DRIVE wUMBEE
MITLC /LOAD
MTTR ' /WALT DRIVE KEAUY
JMP -1
MIGO /760
MTHS /nEAal STATUS
Al {1 Qb /HOT LD AwAY YHT
SZ£A .
JbP =3 /KOT STILL Uk wAall
CAF /POWF K CLEAK
Js OHSURV /DONE ALL DRIVES
Jrk 11978y /NG MOVE NEXT OnNE
| AW =12
DAC 1v /CLEAKR 8
LAC (LPTIME-1 /L00P COUNTERYS
TAC 11 /70 » T0
e 11 /TIME WRITE X1#E
157 14 /TIME FOR UP
JMp =2 /T0 8 DRIVES

LAC (IS# LPTIME
DAL TMXIRG

LEJECT



JKLNOY

wtull
B1u12
41613
wivl14
41615
1616
w1917
V120
w1921
d1d22
ite? 3
41924
BTEHYS
wib?6
it 7
WIN3e
41931
31632
H1633
41034
w1635
1036
B1N37
v1d4dp
41441
Glude
wiy43
w144
41645
w146
stud7
41050
41951
81052
Bwips3
61054
bi655
G1856
0wivs7
1660
slpel
G1962
viped
Vwivé4
G165
wivb6
vwineg7

PAGE

15

772526
649132
203541
a3 3
203475
342754
707326
727331
61 2v
141424
747304
203476
543133
581031
441424
601425
103825
201424
161616
SUhBvigh
B 3n64
747341
61836
707 341
6P1 A4
203523
342758
707326
192776
203476
747384
540833
6P1UB4
441425
601650
707321
641854
441052
102732
6a1¢11
787301
601461
203524
b41a74
285525
101447
183va4

/TIME

/WRITE A RECORD <07
LAW «BLENTH=-RLFNTH

TIMTSE

TMXIRG

AC WwlLuC
LAC (wW?gUb -1
DAC CALUC
LAC (446w
TAL Fovlve
MTLC
MIETR
N
AN EXTRA
MG
LAC (wWegUF +1
SAly CALUC
Jeib o+ 3
157 EXTRA
JmP =3
JMS TYPQRY
LAC EXTRA
JMS TYPTIM
5
TEXT3
MTSF
JMP -1
MiTw
JiP -1
LAC (D460
TAlL Fux]VE
MTLC

LAC (wRgUF +1
MTGO

SAD CaLuC
JHMP L+ 3

1S4 LPTIME
Jtb o, -3

MTOR

JmP -1

137 TMX|RG
JMS CHGURY
JMP T1MTS6
METR

Jmb =1

LAGC (LAC LPTIME
DAt GIXIRG
LA (TEXT12
Js TYRET
JS ST REw
JEJECT

POINT

WhITE START NUT KOT AGAIN CTR SHOULU CleArx A
aT LUAD

15 FAKFD

/wlR1TE FIKST

/RFCOrD

In wWHAT

/wORLU NOKMALLY

4-13

Lusy POINLD GAr

/wAIT FOR BEUR

/AND

/70

FOR URIVE
RECUME READY

/WRITE XIKG Byv BPE
/+ DRIVE NUMBER
/LOAD

JMS WRINT ZINITIALIZE WC AND CA

/10

CUMPARE AGAINST

/START
/REQUEST ZND wORD

/YES XIKG

/41

1S UVeR
LPTIME TO GAPRy

/wh]T XIRG OVER
/wAlT CUREAUY

/STEP LUOP COUNTFEK
/DONF ALL DKIVES

/10

DU NEXT NRIVE

/70 GET LUOP COUNTER
/LOC +1 EV URV AFTE

/TYPE

WRITE X[RG KHFa

/REWIND THE DRIVE

T CafF

CA

FIRST

DER



B84

Wity

wiv/é
4171
Gty 72
G1aT7S
viw74
atid7h
AtE76
alwl?
ST 1vd

Sgtivd

e I R
Wt lied
¢11¢4
G116
wlltie
wtlpy
21114
1111
G112
w1118

41114
G111%
atilé
1117
J112¢
41121
41122
41123
41124
61175
211726
g1127
w113u
G1131
41132
41133
61134
61135
w1136

PAGE

16

261425
1vl6lé
Grergn
ABEP 2V
202751
$43526
101473
441470
14273
6167

77777
vid gt s
2rs0H27
440011
16vi1l
444012
o1 1viA
2058538
“d1124
103v17

1w2776
2ASDED
34275H¢
707326
7175°%4
Tn7 394
D4PH3e
6h1126
441425
6n1127
441124
747321
61127
182736
691113
243931
#41137
2035372
101447

GCTX1IRG LAC
S

)

LET{ME
TYPTIM

TEXTLS

LAl
Tay
VS
157
JAS
Jwb
/
/NG T Tmf
LA
DAl
LAC
Ual

AF2ES

Iz
NEGs
LAC
DAC
NI
/
/T imME
TinTs7 Jweiss
LAC
TAD

MTLC

LAW

M1GO

SAD
Jimb
THkGLP {INES
JMpP
Ia#

MUK

Jup
JMS
Jmp
LAC
0ac
At
JMs

KE Ay FHROM

Curlve
(79
TY1ASC
GCIXIRG
CrHOUKY
GCIXIRL~-1

-1
14
(LPTIME~]
i1

11
1o

(154 LPTIMF
Tyl P

WATHKEW

WRINT
(42604
Fourlve

L ENTH+1

wELOC

B

LPTIME
-1

Ti~0LP

!

CHOEPRY
TIvTS7-1
(LAC LPTIME
GTEPRT
(TEXT14
TYPET

JEJECT

LUAU POINT

Re sy FRUuM LUAD POINT

T0

/GET LOUP COUNT

/TYPF TiMt
/5 CYLULES TN LOUP
/TPE URIVE

/TYPE ORIVE NUMBER
/+1 LAC TU GFI1 Xl
/UONF ALL DRIVES
/N0 REWIND ANU TYPF

Ly#

DELAY
/T0 CuUNT B DM

/FOR 1i#Me

Jvi T 1 LUOP CUOUNTER
/UONE o

/NO B WEXT LOC

/T L 00F COuNI

/L0¢ +1 AFTER FIROT

FIPST WURU IN
JINITIALTZE WC ANG CA
/eF AL 8u¢ Byl

COMMAND
AGALINDT we

/LOAD
/10 CUMPAKE
/G0
/READ
/YES LP
/+1 LULOP COUNT

/WATT AGAIN

/+1 Tu LOUP 54

/CU REAUY YET

INO WATT

/u0NE ALL DRIVES

/NO DU NFXT

/T0 GeET LU0k COUNTEKRS
/LAC +1 FVERY

FIRST wuRkb YE I

/TYPF

tin v

NELAY HAS GUME AWAY

RV AR TER FIRST

REAU FRUM RUT HEAUEK



IRUNOD

w1137
G114w
At1141
1142
$1143
3144
A1 14Ab
1146
@ 147
alling
JT1mY
a1in2

w1153
41154
w1155
w1156
J11h7
¥i1o6d
¥1161
#1162
61163
“i164
a1165
Y1166
d1167

$1178
¥1171
81172
41173
w1174
w1175
w1176
61177
H1208
w1201
w1262
w1243
41204

1981473
441137
102730
511137
77381
6¥1151

77777¥
papale
2h3H33
Bagni
169¥11
4481
641157
288534
H41243
2113535
g4l
777775
MEL/GRSE

102774
20357
342754
787326
TH7T301
671174
TN7314
73047
S54P732
741099
611246
441425
631283

CTEPRT

/
/RE A
/Wbl N
FUAST
/

TIMT7A

Triear

/

Lall LPTIME
Jts TYPTIM /IYPE TIMb
5 /5 CYULES
Texits /TYRE DRIV
Lat" Cus Ve /GET ullvie
TAtt (ZAy JCONVERT 1
Jns TY1ASC /+1 Tu GE1
Tar GTLPRT .
JirtS CHLDRY /UONF ALl
JMb GITLPRT
MITR /mAKE SURE
JE -1 JLAST HRTV
TrE ReCURy WRITTEN WITH XIRG
LAST d0RD COMES Tn TImb iaTIL #TF=
CrirAaCTE® TU £OR TIME
LAk =1: /EERD OUT
LAC 1w /LOCATTONS
LAC (LPTIme =1 /e0unt BOR
BAC 11
NAks 11
o7 14 SEERDYS LN
JMp - /N0
LAC (1S4 LPIIME
NDAC TrROEOK
LAG (JP TYPFUR /10 CUME
NAC 1 ZINTERRUPT
LAW =8
Oatc 10
JaS WRINT ZINITLALIZF WG ANU C
LAC (47000
Tay Fu~rlve
MILC
MITR /WALT REAU
JrP -1
MIGO 14 /G0
TON JENARLF P
Sali WCLOC JLAST WORuU
SKP /YES STARI
Jumb -2 /wAlT FOK
157 LPYIME
JMP -1

JEJE

o8]

/GET LOuP
In woell L
¢

NUMIER
O ASCTI
COounNT nF
NRIVES
/wty TYyPe

EoIs> KEgT

1

o
PP

ALL &

/T0 LulF
ALK FROw
AT FUR

A
/READ 0L
/+ uRiVe

Y

£

YEI
COUNT ING
L AS1T wWOKD
/4 CYCLE

ruting

[ER N od

XT Oriv

wNFXT O ivt

Y

Counsl oein

ATl Bghe
NHMRER

LOu?

JUNTIL MTF=1 AND Plt



JRUNOS

R
[ -4 0hs1

v
247
Gl
o1zt
Ji121¢e
w1218
¥iz14
w1215
w1216
31217
W1220
vl2?21
A1272
G1evs
B 274

w1225
61276
1277
W12359
w1231
w1232
¥1233
41234
n1235
01236
1237
b1240
¥1241
h1242
£1243
v1244
61245
41246
viz247
1259

PaGL

1o

T 7Aa1
oih1eae
ZH3IN3E
342754
T87 326
777777
GAGGE?
7w 7304
740300
70731
6017216
449110
6117
441243
1ne73:
ov1166

2488537
141447
243824¢
¥41237
103vp4
201425
343541
121616
wogual
BwB322v
B62634
442634
282751
543526
161473
441232
10273
6¥1231
707361
601247

/RETURN
/
TYPEAR

GTFux

Tu TYRFUR

METR

JE
LAC
Tavy

M1 ¢

LAw
fTAC

MI6O

NP

MITR

Jmb
157
Jme
15%#
JmS
JMP

LAC
JinS
LAC
AC
S
LAC
Tah
NS

AFTER

=1
(47608
FusIve

-1
WCLUC

|

1¢
Ti#T7A
TROIEOR
CHGURV
TInT7A-2

(THXT2?
TYPET

(LAC LPTIME
GIFOURT
STHREW
LPTIME

(27

TYPTIM

1

TEXT1S

NDAGCH® EURTOV

157
LAC
TAR
JMS
154
JMs
Sk

MITR

JH

EURTSV
CuUx1VE
(26y
TYTASC
GTFORT
CiHHGURY
GTHURT -1

o1

LEJECT

Plt

FROM MTH

/wALT

/N0 Gy

/TYRE
/MTF

LAaSH
TEXT

/10 GeT LRIVE

/MINTHMUM UF 1 CYLLeS

/5 CYCLES

/TYPE

READN

NEXT

DRIVE

Fuk

CU wEADY

/+1 Ty
/UONE AL
NRIVE

CHAR Ty

TiMe
/LAC +1
/REWIND
/GEL TIm

/CONVERT

In LOUP
/ORIVE

NUMBE

Ouml FORr NFXT

LooaxvsS

Fuie EACH
STAT
4

ubv

FOR D
Aniy TYRE
pune 8§ TImEw

gy



GHRUNDY

w1251
61252
wiehs
1254
31255
v12h6
wi2h7
nizen
ulgél

1262
G1263

widwl
A1 ER2
41363
w134

$13n5
B1316
61337
61310
w1311
w1312
¥w131$
w1314
41315
¥w1316
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77777¢
FEY RS

a4yt
168711
444010
61255
208543
441343
203544
G4V T

777778
LR ¥
2 St
44982
2(°8475
34275
TaT326
THT304
213545
7273w
6U1775

342750
747326
707344
Tegar
441425
541333

747321
641335
441383
18273¢
601264
283546
101447
2n3s4a7
V41317
1a3ng4a

/CLEAR
/170 T1

GUT B8 LOuP CUUNTERS
e WRITE £0F TIMb

/SET UP INTER RETURW FOK WRITE HOF

/

INCH W
/ THEN
TIimTsSs

TMwWE OF

/

/EUF ]
/TYPE
TIMEOF

LAw =1

DAC 19

[ AC (LPTIME=1
HAC 11

e 1]

1S4 1o

JMP =P

LAC (134 LPTImMF
DAC THWEOF

LAC (J4P TIMEUF
DAL 1

RITE A RECORD FROM LOaD

PUINT

AN EOF AND TIME E£O0F START DELAY

Law =3

DAl wiluC
LAD (wREUF -1
DAL CalluC
LAC (44604
Taly Fu=lve
MILC

MIGU

LA (4=6bp
MITR

JME -1

Ta FuRlVE
MTLC

MTGU

U

IS4 LHFTIME
IR -

S FINISHEU INTER RECD
GUuT ACCUMULATED TIMES
MTCR
Jmb -1

157 THweOF

JMS CHODRV

JMP TI¥TS8

LaC (1t XT1%

JMS TYPLET

LAGC (LAC LPTIMF
DAl GT=EOF

JMS STRRF®

LEJECT

/8 WOr ReCURY
/FOR wi

/SET LA
/wRITE ODW 60U P
/+ DRIVE nUMBER
JLOAD
/AND LG
/uliu IN CASE 9 THn
/WAIT FUR RECURRY L ONF
/AND) TAPE READY
/wWRITE cOF s0U
/+ NRIVE
/LOADR CUMMAND
/60

/1 IME PRk TawTERRUPT
/70 OuLuR

/WATT FOR Cu KREADY

/+1 LuOP COUNTEK

/u0NE ALL DRIVES

/N0 DU NEXT

/wRITE ENO UF FlilLt
/HEADER

/T0 GET LOUOOP CHOUNTS

JLAC IS +1 FOR wEXT DRIVE
/REWIND CURKENT OwlIVvF



JHUNOD

d1817
41828
41321
“1322
w1328
41374
#1325
41326
w1327
B1334
41331
41382

w1333
w1834
¢1338%
w1336
w1337
134
§1341
01342
w1343
41544
B1345
61346
01347
61359
61351
v1352
01353
©L1354
01355
V1356
01357
01361
hW1361
61362
1363
¥v1364
01365
w1366
41367
01379
V1371
61372
v1373
41374

PAGE

2

Zuid2n
101616
UE TR
an3r2v
242751
$43526
1%1473
441317
10273
6011316
767341
6111331

141425
141426
777775
e IR
263581
443033
248475
342758
70732¢
707384
7647341
601545
777777
bapne3?
2083585
TR7324
747327
707304
747341
661355
777776
$40032
2355
787324
707322
707304
233551
PR X I NA
777776
540032
601370
7080142
441425
6%1373

GTWENFE

/
TIMISY

LAC LPTINME
Jus TYRPTIM
3
TEXT1S

LAC CORIVE
TAD (264

JMs TYTASC
197 GIHEGF
Jrts CHGDRY
JiP GTwROF -1
MTTR

Jrr -1

UM LPTIME
L#% SUTIME
LAW =@

NAGC WCLOC
LAC (WigUF -1
DAC Cal uC
LAC (44600
TAD FURIVE
MTLC

MTGO

MTSF

JMP =1
LAW =1

DAC WCLOC
LAC (7440
LCM

MTAF

MIGO

MTSF

JMP -1
LAW -2

DAC WCLOC /SPACE FHWp
LAC (sbuyl
LLCM

MTAF

MIGU

LAC (JHP THSPSE
ac 1

| A =¢

SAH wCLUuC
JMp -1
10N

IS4 LPTIME
JMpP -1

JEJECT

/GET LOOP

/CONVERT

/3 CYCLES
/RIVE
urv

/GET

/CONVERT

/TYPE

T

CouUnT

10 MICKO Se€ TYP

In LOUP

UM
10 ASCII

/+1 FUR NeXT LOOP COUwT

/HONE

ALL

DRIVES

/NO REWINU THIS Ot

JREWRTTE
/3 WORD RECORD
/FROM LOAU POLINT
/WRITE BOU BPY
/+DRIVE NUMBEKR
/L0AD COMMAND
/AND GO
/wAlT FOR WKRITE DUNE

'/uLEAH 2 LOUP COURTERS
/70 ACCUM

SPACE AnD SRUT

1HE

/70 COUNT 1 ON
/BACKSPACE

/CHNG

/G0 AGAIN

WRITE Tu BAUKSLSP

/TO COUNT 2 FuUR

/CHNG BACKSPE TO
/SPACE FWU

/CLEAR AND GO

INTR JONE

/TIMFE SPACE SHUT HOwWN

/WHEN

/uC +1 YEI

/NO NOT OVER FIKRST RECORD
/ENARLE FOUF INTERKUPT
/COUNT UNTIL

/1.00P

1S

INTERRUPIED

t

UOwWN



PN

G137H
41376
1377
14V
wid4pl
Wldve
%1463
Wl 44
414y
w146
w4/
Wil1414
w1411
$1412
41418
Y1414
41415
#1416
w1417
41428
61421
B1422
vVi142%
G1474
vitdzo
Wil1426
G41427
w1439
1431
H1432
PR KN
41434

PAGL

21

233530
Yauhiw
6A1440
444
6AL4gn
441426
TG75821
6%H1375
188420
201425
1h16ie
PR NS
Bu3261
Jr7357
ivivae
Jel4zée
inibie
w24
bP3 8Bt
13ude
10273
6¥1333
61674
PR

FARRY]
SRBAPY
GQBrar
Gy
GRS A

/NOW T IME
TMSPSY

EXTRA
LPY IME
SuTIHE
TRTIME
STHRTIM
LAPS
GAPE
GAP7
GCAPYB

SPACE SHUT DOWN T Mg
LAC (~3
NAU 1u
JaR, +1
154 19
JuE -1
137 Sulimg
MTOR
JMP TMSPSu
JMS TYPURY
LAC LPTIME
S TYPTIM
3
TEXT16
MTHS
JMS TyRCcOow
LaC SuTIiME
JMS TYRPTIM
24
TexT17
JMS SThREW
JisS CAGORY
JMP TIHTSYy
JMP TI#4556

/NOW TIME

/SPACE SHUT [UWw
/wA]T FOR CUREADY
/INA 24 CYCOLF
/100P

/STILL SHUT DUWi
/YES

/TYPE DRIVE HeAuErw
/GFT EOF GAP COUNIT
JUORVERT AND YRR 1T
/% CYULES Iwn LOUP
JEOR 100 FUF SPACT
/ALSD TYRE STATUS
/IN CASE NOT vOF
/GFT LOUP COUNT

/FOR SPACE SHUT [Liukw
/2B CYCLES IN TubE Lunpy
/SPACE SHUT DUwiv
/STARL REwIND

/ANY MORE DRIVEDS
/YES DO T

/TIME S56 Ari D¢
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41435
w1436
w1437
G144y
W1441
“w1442
1443
Wwi444
“1445
11446

vl 447
¥1459
41451
1452
41453
J1454
wi4%%
$1456
w1457
¥1469
¥i1461
1462
N1463
41464
61465
81466

PAGE
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601435
775253
NaYi16
2RS5H1
nagr17
777777
Weni17

444716

6%1443
621435

611447
0va167¢
221674
44167%
041671
T4 00
742020
742424
142420
740024
503552
49377
621447
181473
201671
503557

ST

/
/TYPE

Jue o,

LA =gl ENTH
HAC 16

LAC (wiRBUF~1
DAC 17

AW =1

DACs 17

1S4 .10

Jme =

JMbPe 5T1

MESOSAGE KUJTINE

/AC=MESSALE AUUKESS

TYPET

JeE,
Al TYPURX
LaC# TYPDEYX
ISz TYPUEKX
DAC TYPpEX+1
Tk

RTkK

el

T

RAK

ANTE (877

SAfG 377

Jeiire TYPET
JMS TY1ASC
LAl TYPUEX+1
AnDY (877
JEJECT

TYPET



JHONDOD

w1467
w1474
41471
J1472

vil 47\5
v1474
1475
11476
V1477
Yibvd

ihig
atviz
a158S
J15¢4
G1HED

1586
41587
41519
#1511
¥ib12
WiIH13
vi514
w1515
wibi6
¥1517
w1529
w1521
vi152¢
81523
w1524

w1525
wiv26
01527
B15308
41531
wis32
81538
w1534

PAGE

23

543557
6521447
191473
61451

611473
AA LR
Toi4al
611475
Juadnz
621473

Sulindl
543553
343526
1414738
621541

6B15d6
Aa167E
J42v724
/“2“2(/“
Jazvrey
v41671
74202¢
742¢ 24
74220
191525
241071
121525
20167¢
121525
621946

641525
d41447
74262¢
749020
1p1hel
201447
101561
621525

Satt (877
Jmpbe TYPET
s TY1ASC
g TYPET+2
/
JTYPE QOuwi AsCID THARACTENR
JACECHARACTE R
TY1LASC NI
TLS
To#
Jeil =1
TCF
JiPe TY1ASC
/ )
/TYPE 1 0¢Tal CusxaCTER
JAC 1D 10 1/7=0HAK
TY1007 Jaro
ANT ()
Tals (2nd
JmMS TY1TASC
JukPe pyyroeT
/
/TIYFE CunTENTS unTAL
JCUNTENTS OF AC=18 wlT UCTAL NUMBER
TYPCON JaPo
AT TYwUEX
R+
RIK
RTr
NAC TYPUFX+1
RIv
RTX
RIw
JMS TY»20C1
FAC TYPDEX+1
J¥s Ty ult
LA TYPPEX
Jets TY2UCT
JeFs TYPLUN
/
/TYRPE 2 0CTAL CrHARACTERS
/AC 12 10 1/=CHARACTERS
TY?0CT NET N
DAl TYPET
Rk
Rak
Jms TYiueT
LagC TYPET
Jns TYyt1oct
Jmre TYZ20CT

LEJECT
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ZTYPE CONTENTS ufCclIMab
/AC=18 8IT UNSTIGHED UCTAL NUMBER
/CONVERT TO 6 ASAI1 CHARACTERS IN DECIMAL

/
w1535 601535 TYLect JMe
v1536 Bal167v PAC TYPUEX
biv37 141572 g TYHECH
¥1549 141573 M TYGECM+ 1
w1541 141574 . DEM TYDECHM+2
41542 201670 TYDCLP LAC TYPUEX ' /CONVERT LEAST OF 2
1543 181576 JMS TYVERT
01544 441671 DA TYRPDFX+1
81545 2v167% { AL TYPDEX
uib46 1¢#1576 Jis TYVERT
61547 744419 RCH S /CONVERT mOST OF &
wib5y 742vi1¢ BTL /POSTITIOM TaTU
w1551 742010 RIL JUPPFR 9 BITS
81552 74291 KL
01558 742417 RIL
1554 341671 Tall TYPUEX+1 /COMBINE 2 LUECTmMAL
b1555 441671 FaC TYPOEX+1 ZTGTIS AND SaVe THeHM
61556 2015748 LAGC TYHECM+] /SHUFFLE
1557 441574 PDAC TYSECM+2 /TYPFUUT TO
41569 201577 LAC TYECH /POSTITION DIGITS
w161 041573 OGAC TYDECM+1
11562 201671 LAC TYPDEX+1
1563 441572 DAC TYDECHM
41564 261574 LAC TYDECM+Z
461565 74120¢ SNA /CONVERTEU 6 UTGITS Yl
w1566 601542 JMP O TYaCLP /N0 DO 2 MORFE
01567 203554 LAC (TYDECH
01570 101447 JMS TYPET /TYPE OUT THE 6 DIGITS
Y1571 621535 JMP# TYPEC!
w1572 26026V TYOECHM 26264
¥W1573 260260 2HH268
¥wib74 260260 26264
¥157% 377377 377377
/

LEJECT



IKUNGS

Wiv76
w1577
Gl 6
A16V1
w162
Grens
vioi4
[SRE1%-)
c1epb
RN,
G161Y
1611
Jd1612
241613
41614
“ielh

PAGL
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6A1576
14167¢
7441082
601606
44167¢
343555
741194
6¥1647
3435555
74119V
641613
441670
61646
3438056
S$43H26
621576

JCONVERT TO 1ECTIAL CHARACTER RUUT Tk

JENTER AC=NUMBEK TO GET # TU 9 REMAINUER FRUM
JEXIT AC=REMAINUFK IN ASCII
JCTYPDFEX)=QUOTIENT 1n RIT UNSIGKED

TYVERT JMP
G£M TYPUEX /CLR WUOTIENT
SMA /18 AL START-
JMP OTYRTPL /N0 JUST CONVERT
157 TYPDEX /+1 QUOTIENT
TAD (=12 /-1y FROM DLV
S A /GONE + YET
Jmb =3 /0 MAKE NEXT TITrlal Sus
TVRTPL Tan (=12 . /=1y
SwA /6TILL +
NELEE /0 AC=CHAaK =1
154 TYROEX /+1 QuOTTenT
gk Ty=TPL /TRIAL SUrTrACUT AGALM
Taty (17 /+1w 10 GeT Trup uwlold
TAD (Z26¢ JCONVERT 10 ASCHIT
JMPe TYVERT JEXTIT AC=ASCHL ulol
/

LEJECT



TKLNOS

w1616
v1617
w162y
01621
Y1622
1623
61624
w162y
V1626
1627
v163Y
1631
41632
#1634
41634
81635
Vw1636
b1637
w1649
wied1
d1642
w1643
w1644
bg1645
w1646
461647
¥1651
1652
v16%3
w1654
41655
01656
w157
v166¢
w1661
1662
1664
vwiéb4q
v1665
Ui6e66
61667
81679
¥1671
81672
¥1673

PAGE
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6R1616
A41666
208557
141447
221616
740001
d41667
441667
75073
S$41666
441667
6011627
V41667
202753
7411gv
601652
74pvin
7411w
61644
21667
744000
6n165¢
201667
101576
201672
74401v
S$41667
41667
201667
441575%
601662
121535
441616
221616
141447
441616
777777
641673
201667
621616
L
Y
L0Q0 B
ANAvPn
Bepava
BADNAG

/CONVERI

/THEN

LOUF Tlug TO MICROSECUND
CUNVERT Tu DECIMAL ANU TYPE I

/IMS+1=CYCLES PE LUOF JUMS+Z=TFXT AULRESS

TYPTINM

TYPTY

TYPTXT

TIMSAY

TYPUEX

TYPFLG
/

JrP
NAC TLaSAv /SAVE LUOP COUMT

LAC (TEXT19 /CAK KET LINF FEREUL

JdMS TYPETY

LAC® TYRPTIM™ /GET CYCLES PER LuOP

CMA ©/HMAKE -

DAC TIMSAV+1 /SAVE TT 10 MUl

157 TIYSAvV+y1 /MAKE P2 CUMP

CLA

TAD TIMSAV /+ LOUP CUUNT

I/ TlHSAV+L /UL ENOUGH

Jib e /N0 +1 AGATIN

NAC TIMSAV+1 /SAVE ACCUMULATED Cutin?
LAC MACHPO /TEST FUOR CURKRFCT MACHINF
SHA

JebECTYRPTT /CYCLE fIME IS 1,9 USEC
KAl

SPA

JrP 44

LAC TI“SAV+1
REOK

JMb e

LAC TI¥SAV+]
JMS TYVERT
LA TYPQDFX
RCL

Tali T} 5Aav+1
NAC TIi-SAV+1

/CYCLe TImE IS

/CYCLE TIMtE IS 1

LAC T{ns5ave+y /GET TIMF

I5# TYRFLG

JuP TYPTXT

JeiS TYNECI /1YPE IN UECIMAL
Isz TYPTIM /STEP ADDRS

LAC® TYPTIH /GET 1FXT AUDKS
JMS TYPET /TYPF FUNCTION T
1S7 TYRPTIM /STEPRP EXTH

LAW =1

DAC TYOFLG /RESET
LAC TIMSAV+l /EXTT AC=TIME
JHPs [YPT]H# /EXIT

I

2

“

A

%

JEJECT

1.5 USEC

ve uUSeC

EXT

10 TYPLE

CYCLF

NEXT

TiME
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G1432
vin1433

/TAPE 3 OF utivaygs
/iGw TI#E SUbE UF THE SAME UPERATIONS
/AT BHE AND v P
JARITE START Fru™t BUT SHOULU = SAME AS o@y
JWRITE SHUT DOWN SHUULD KE SAME
JAKITE STAKT SHUULD RE SAME
7BKSPACE SHUT MU-N SHUULD BE SAME
/DATA TRANSFER TIMES SHOULD HE APPOX EGUAL,
/598 CHARACTERS TRANSFERED AT 996HPI
72v1 CHARACTERS 4T 249 HP]
JLAST INPUT CHax TO MTF TIMeS SHOULDL
/gt GREATER AT LowErR DENSITILIES
GAP1=GAPS
CAPZ=GAP 7
/
JEJEGT



PRGNS

w1674
41675
J1A76
41677
Wl I
#1761
01702
41743
wi7v4
g1 7045
vl /46
G177
61710
91711
41712
a1t 7138
41714
41715
81716
w1717
41728
v1721
061722

61728
w1724
n1772%
d1726

61727
Y1739
¥1731
81732
01738

w1734
61735
61736
61737

PAGE
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77777v
AR RN
203514
G4l
1609011
4440610
6uL7aR
20275R
HB3561
744207
o277
168417
777564
RN ICR Y
2743251
v4ygvidd
2085H672
34275
7673826
Tw73%1
61717
23476
7673934

5433
641727
441425
601723

798¢ b
549732
601734
441426
661737

203563
6491
70047
661737

LAw =1
DAC 1@
LAC (LPTIME-1
NAC 11
DEMe 11
Iss 14
JHP e
LAl Fu-lve
Antt {2d0y
SEn
JeifE
Jns
L A
DAL
LAl
AC
LAl
Tai
MTLEC
MITR
Jik -1
LAC (wgUF+1
MG
WORD 1S QUT
Safy Catuc
JMP L+ 8
157 LPTINME
JMP -
WE GOLS Tu v=-UNE
CLA
SAlY WClQC
Jrb L+ 4
157 SuTIME
JMF =
INTERRUPT TIME
LAC (JwP
nac i
10N
JMpP,

TIM556

Finiobe
WATREw
“Wiinhep
WeLue
(w~HUF -1
Catl ur
(4450 d
Fo~lve

JHAREN 240

JHHE N

/SET Up

LEJECT

/10 CLEAR 8 CUUNTERS
ZINDIRECTLY

/CLEARK A LOUNITEKR
JUONF H

/w0

/9 TRn UkV

/R0T wMHE6

e AT RREWING PO FiviSs
/w0RS CuUnT Tu 1 IsE

/1 ITNUH O THANSEFER AT wsA

/WRITE UDU AT wboé
/+ UFIVE nUMEEw

/WALT FUR DRIVE

/70 SENSE ZaD OuT

BOT DELAY IS OVER
/eND BUT YR
/YES
/0 +1 LOUP CUUNT
/TRY AGATwN

DATA TRANSFERED
ZETRST WORD NUT CUUNTER IN
Z0UTPUT 596 FrOM Zau
/YES 1 INUH OVEXR
/NG +1 LOUP CUUNT
/TRY AGAIWN

A I TE SHUT DUWN

INCH

WS0556

INCH
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1749
w1741
w1742
w1743
31744
w1745
41746
B1747
w1754
Wi 7h1
w752
w1759

w1754
w1755
d175%6
G1757
41760
wi761
w1762
61763
w1764
L1765

d1766
vit 767
G1 778
vil771
1772
vw1773
61774
461775
w1776
31777

LB
40901
e b2
YR
Jehv4g
b s
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LA GARS
Taty (27
Jms TYe Tl

1 /%

TexT2e

cYul £ LouP

JIYFF READ SHUT nOWN AT w56 SHOULD =

LAL GAPS
JME TYPTIM
24
TEXTH
FNNbL56 JMS CHOURVY
JMbE T1o556

NANI RN

Lvig

pP

agCuul Aled

4



JRUNOS

w74
drv75
S 0876
de 77
Jeld
Jelbl
wrl?

Sdried
br104
drivs
dr 16
A7
de1le

bri11
vie112
ritld
vr114
bgr115
villé
wet1l7
vr12e
0121
vriee
D123
vwri24d
6125

we1v6
br127
vicl134
vr131
47132

PaCt

32

/7777
Ja4gie1e
213514
/NS
168411
4497 1v
ovi2iune

787341
o¥Z21d3
28275
508561
74B200
6i27 76

777673
G432
2135 é1
D433
2035772
$42750
/7326
2h3476
707 3%4
549233
6h2126
44142%
602122

754740
549¢ 327
67h2133
441426
612127

INO® ARITE a4 RECIRD AT 2¢9RP]
/TIME WeITE START
/1 INCH TRANSFER TInF
ZAMO WRITE SHUT 0k
/3ACRSPACE TIMF SHUT DOWN
/REAY TIME LAST MHAR TO FUK
/TIME Re Ao SHUT DUKN
Tirz Ay LA =1
NAC 14 /70 Cur B CUUNTRS
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