















































































































































































































































































































































































































































































































































































































































5-162. It is possible for the unrecorded area preceding the actual bad area on
the tape to be interpreted, during reading only, as an end-of-block space, The
end of block signal to IOA depends upon two conditions: (1) the detection of an
0.06 inch unrecorded area preceding, by at least one inch, any punched holes
marking a bad spot area, and (2) a line count not equal to three., When a bad
spot area is detected during reading a block recorded in variable mode opera-
tion, at least an 0,06 inch unrecorded area is detected, but the line count is
three if no mod six error has occurred. If, however, a mod six error has
occurred, and from one to five lines have been missed in the past block, the
line count is 2, 1, 0, 5, or 4, and the unrecorded area between the last record-
ed line and the inch preceding the marked bad spot, is detected as an end of
block space., The end of block signal is sent to IOA, as is a mod 6 error in-
dication (unless the line count is zero), Tape movement is stopped in the bad
space by a programmed stop for a mod six error, However, since the unre-
corded area is long enough to be interpreted as an end of record area, an auto-
matic tape stop always occurs, In this case tape movement is halted in the bad
area,

5-163, During recording in fixed block length mode operation, the bad spot
area can be left between words, or between any lines of a word, with the fol-
lowing exceptions: The bad spot area is never left between the last word of a
block and the first word of the next block, i, e,, between blocks; between the
last two words of a block, or between any lines of these words; or between the
first two words of a block, or between any lines of these words, When during
variable mode operation, a bad spot area is detected during reading a block
which was recorded in fixed block mode operation, the unrecorded area pre-
ceding the bad area is interpreted as an end of block space if the line count is
0, 1, 2, 4, or 5. Only if the line count is 3 is the bad area not detected as an
end of block space, With a line count not equal to three, the end of block indi-
cations for a bad spot area result as described in the preceding paragraph,

5-164, At any time a legitimate block space is detected and a mod 6 error has
occurred such that the line count is three, neither an end of block nor mod 6
error indication is sent to IOA, Note that a read backward (forward) of one
block after an intra-block stop cannot be depehded upon to effect an end of block
signal to IOA in the block space preceding (following) the block, A mod 6 error
is highly probable during such a reading operation, and this mod é error might
result in a line count of three at the end of the block, If this is the case, no pro-
grammed detection of the end of block is possible and the EF Stop Tape instruc-
tion planned to stop tape movement is not executed,

5-165, ERRORS DURING WRITING,

5-166, Faults occurring during a variable mode writing operation are generally
due to two types of programming errors:

(1} Failure to observe timing requirements,

(2) Failure to stop the tape when the writing has been completed,



Both of these errors lead to No Information Faults, The No Information Fault
occurs when the tape control system attempts to write a word before the word
to be written has been received from the computer, In variable block mode,
the tape is stopped immediately upon detection of the fault and the registers in
the tape control system are cleared. The computeris also stopped immedi-
ately upon detection of the fault, At the time of the stop, the MT and B-fault
indicators on the computer control panel, and the No Information Fault indica-
tor are illuminated,

5-167, If the available time between External Write instructions has been ex-
ceeded, the computer is stopped immediately. Note that.to avoid a No Infor-
mation fault, an EF Stop Tape instruction to stop the writing procedure cannot
be executed later than the available computation time between External Writes,

5-168, If the No Information fault occurs because no EF Stop instruction is
programmed to conclude a writing operation, the computer is stopped upon
detection that the available time between External Write instructions has been
exceeded, Tape movement is also stopped at the time,

5-169., STOP TAPE OPERATION,

5-170. An EF Stop Tape instruction is needed to complete a successful write,
read backward, and read forward tape operation. During a reading operation,
both inter-block and intra-block stops are possible, During a writing opera-
tion, the stop produces the inter-block space, The time allowable between the
last ER or EW and the EF Stop instruction is given in the tables on page 5-43.
The restrictions governing the figures for allowable times are given in the foot-
notes for the tables,

5-171., To stop reading in the middle of a block, an EF Stop Tape instruction
is programmed after IOB is read. After an intra-block stop, reading can be
resumed correctly at the beginning of this block (after a move backward one

block), or at the beginning of the next block (after a move forward one block),

5-172, MOVE FORWARD OPERATION,

5-173, The move operation need not be terminated by an EF Stop Tape in-
struction, The move continues until the number of blocks specified have been
moved, At that time, the tape is stopped and the registers in the tape control
system are cleared, In order to safely program move operations, an accurate
record should be kept of the number of blocks on the tape and the current posi-
tion of the tape,

5-174, The IOB to TCR transmission of an EF move instruction releases the
lockout on IOB, At this time, another EF tape instruction may be executed,
Another IOB to TCR transmission is not possible, however, until the move
operation is completed, and the protection on TCR is released,



5-175. The end of block detection, caused by the space between blocks, is used
to count down, on the block counter (BK), the number of blocks moved, No

end of block or end of record signal is sent to IOA, Neither is there a parity
nor a mod 6 check made during a Move operation, Consequently, nothing is
loaded into IOA, and the register need not be read or checked, An EF Move
Forward instruction, specifying a move of one block and programmed after an
intra-block stop, effects a move with no error indications into the space after
the block in which the stop was made,.

The computer condition resulting from erroneously programming a move for-
ward of n blocks when m (<n) are recorded is discussed on page5-23and is list-
ed in the table on page 5-52,

5-176, MOVE BACKWARD,

5-177. The move backward operation functions the same as the move forward
operation except for the tape movement in the opposite direction, An EF Move
Backward instruction, specifying a move of one block and programmed after
an intra-block stop, effects a move with no error indications into the space
preceding the block in which the stop was made.

5-178. The computer condition resulting from erroneously programming a
move backward of n blocks when m (<n) are recorded is discussed on page 5-24
and is listed in the table on page 5-52.

5-179, REWIND, REWIND INTERLOCK, CHANGE BIAS,

5-180. The variable/continuohs selection bits have no significance for the re-
wind, rewind interlock, and change bias operations, Hence, these select bits
need not be included in the EF instructions which initiate these operations,
Each of these operations is discussed in detail in the section for fixed block
length mode operation,

5-181, SYNOPSIS OF VARIABLE BLOCK LENGTH MODE OPERATION



TAPE OPERATION

PROGRAMMING AIDS

Change Mode

(page 5-10)

If tape control is not already prepared for variable

block length mode operation, progran an EF Change
Mode instruction preceding a read, write, or move
operation,

Designate in (v) of EF instruction the following: mag-
netic tape master selection and change mode. See
table page 5-15,

Read Forward/
Backward

(pages 5-32 to 5-36)

Designate in (v) of EF instruction the following: mag-
netic tape master selection, read forward/backward,
tape unit, var/cont, See table page 5-15,

Before reading a word, read and check contents of
IOA; then, accordingly, read IOA again, or read IOB
and/or program an EF Stop Tape instruction, See
diagram page 5-36,

Observe limitations on allowable computation time be-
tween the EF Start instruction and the first ER, between
successive ER's and between the last ER and EE Stop
Tape instruction, See table page 5-43.

Omit uniservo selection in EF Stop Tape instruction,

See tables page 552for fault diagnosis and text references,

Write

(pages 5-37 to 5-39)

Designate in (v) of EF instruction the following: mag-
rnetic tape master selection, write, tape unit, var/cont,
See table page 5-15,

Program an EW instruction for each word to be written,
Observe limitation on allowable computation time be-
tween the EF Start and first EW, between successive
EW's, and between the last EW and EF Stop Tape in-
struction., See table page 5-44,

Program an EF Stop Tape instruction immediately
after the last word to be written in each block.

Omit uniservo selection in EF Stop Tape instruction,

See tables page 5-52 for fault diagnosis and text
references.




TAPE OPERATION

PROGRAMMING AIDS

Stop

(page 5-39)

Designate in (v) of EF instruction the following: mag-
netic tape master selection and stop code. See table
page 5-16,

Observe requirements for reading IOB and/or IOA be-
fore programming an EF Stop Tape instruction to stop
reading, See diagram page 5-36.

Program an EF Stop Tape during reading for all de-
sired stops, except at end of record; during writing,

to terminate tape movement and create the block spacing,

Omit uniservo selection in the stop code,

Move Forward/
Backward

(pages 5-39 to 5-40)

Designate in (v) of EF instruction the following: mag-
netic tape master selection, move forward/backward,
var/cont, number of blocks to be moved, tape unit,
See table page 5-15,

Program a move forward or backward of no more than
the number of blocks that are recorded in the direction
of movement,

Do not read and check IOA; this register is not loaded
during a move operation,

Do not program an EF Stop Tape instruction following
a move operation,

See tables page 5-52 for fault diagnosis and text
references,

Rewind

Rewind Interlock

Change Bias

See text page 5-40.
See table for Fixed Block Length Mode Opera-
tion, page 5-27,




5-182, AVAILABLE COMPUTATION TIMES

5-183, Variable Block Length Mode

5-184, The following table shows the recommended maximum times allowable
for computation between tape operations, The safe times listed were based on
theoretical timing conditions and then adjusted to include a safety factor., The
safety factor adjustment takes into consideration fluctuations in mormal oper-
ating characteristics, The manufacturing specifications for the equipment and
the standards used in maintaining the equipment determined what degree of
adjustment was necessary, Execution times for any instructions effecting the
particular tape pperation under consideration have not been subtracted from
the stated times in the table, (Reference is made to the footnoted items in
paragraphs 5-185 through 5-191,)

Situation Safe Time
READ OPERATION

Between EF Start Tape and first ER1 41 ms
(1. 4" block space)
(See also leader and reversal
delays)

Between successive ER instructions 420 ys
(at 128 lines per inch)

Across the block space 12 ms
(1. 4" block space)

Between last ER and EF Stop Tape
Inter-block stop2 1 ms
Intra-block stop3 250 us




Situation Safe Time

WRITE OPERATION

Between EF Start Tape and first EW 41 ms
(1, 4" block space)

(See also leader delay)

Between successive EW instructions 420 us
(at 128 lines per inch)

Across the block space 12 ms
(1, 4'" block space)

Between last EW and EF Stop Talpe4 250 us
(1. 4" block space)

REVERSAL DELAY --movement in
opposite direction, Tape
not previously rewound.

Between EF Start Tape and first ER5 550 ms

LEADER DELAY--starting reading/
writing on rewound tape,

Between EF Start Tape and first ER/EW 1396 ms
If unit is in rewound condition 1936 ms

The following times are consumed by the tape control circuitry before the next
IOB to TCR transmission is allowed, In these cases, neither a plus nor a
minus variation from the theoretical time is harmful in terms of a fault occurr-
ing, Since any variation is as likely to occur in one direction as the other, the
theoretical times are quoted without a safety factor adjustment,

Situation Theoretical Time

REWIND INITIATION DELAYS

Previous movement in backward direction 70 ms
Previous movement in forward direction 635 ms
Tape unit in rewound condition? 70 ms

CHANGE BIAS DELAY
35 ms




5—185.1 This time is based on the safe time quoted for an inter-block stop.
See note 2,

5-186. 2 This time allows safe resumption of reading in either direction, The
tape must he accelerated to its free-running speed before the first line
of the next (following or preceding) block is encountered, Fixed stopping
time after the EF Stop is executed allows the tape to move approxi-
mately 0,450 inches, consuming theoretically 7 milliseconds.

3
5-187. The restriction on this time is derived from the available time between
External Read instructions,
4
5-188. The restriction on this time is derived from the available time between
External Write instructions.

5-189. 5The time over 600 milliseconds required for a reversal operation de-
pends upon how soon tape movement was stopped at the conclusion of
the last operation, The time given assumes that the EF Stop for the
preceding read operation immediately followed the last ER, Allowing

- one millisecond between the EF stop and the last ER (as quoted for
stopping in the table) does not appreciably change the reversal delay
time quoted,

5-190. 6A tape unit on which a tape has been previously rewound (or rewound
with interlock) is said to be in a rewound condition until a tape Clear or
computer Master Clear is effected, Until this time, any attempted
forward movement of the rewound tape or a replacement tape incurs
the basic theoretical reversal delay of 600 ms,

5-191, ! A rewind initiation of a tape on a unit which has undergone a previous
rewind operation (with the same tape or a replacement tape) consumes
the '"previous backward direction'' delay if the tape is still in a rewound
condition (see footnote 6}, If an interim tape Clear or computer Master
Clear has occurred, the basic reversal delay, or ''previous forward
direction' delay in this case, is incurred, Regardless of the delay, no
tape movement is started, and another tape operation can be initiated
after the delay time,

5-192, CONTINUOUS DATA INPUT MODE OPERATION

5-193., FORMAT

5-194, Continuous data information is recorded on magnetic tape by special
off-line equipment, This equipment receives and records real-time observa-
tions which do not tolerate interruptions for purposes of formating the data,

The recording density of lines per inch can be as few as 40, If continuously
recorded observations are grouped by virtue of physical separations on the tape,
each separate grcup comprises a block, Also, groups of data within a block



can be recognized by programmed detection of recorded codes.

5-195, Blank spaces of no more than 3 inches are used to separate blocks,

As in variable block length reading operations, the end of a block is recognized
if no recorded sprocket bits are detected for a distance of 0.06 inches, Indi-
cation of the end of the block is sent to IOA, A mod 6 check indicationis sent
to IOA with both the end of block detection and the detection of a particular re-
corded code called the Block Control Code, The mod 6 check determines
whether the number of lines recorded in a group is an integral multiple of six,
The group could be a block, or a set of observations identified by a Block Con-
trol Code, The end of the record on the tape is detected when no sprocket bits
are noted for a distance of approximately 4, 0 inches, Again, an indication is
sent to IOA, With an end of record detection, the tape movement is stopped
automatically, Blank spaces between blocks should be no longer than 3 inches
in order that tape control can distinguish them easily from the end of record
space,

5-196, The eight tracks of a line of tape are divided into four groups,
a., Data tracks - four binary digits of each line represent information,

b. Code tracks - two binary digits of each line represent a code used
to identify or differentiate information,

c, Parity track - one binary digit is used for a parity check on each
line,

d. Sprocket track - one binary digit is used as the sprocket bit for
the line,

The bits described above are positioned on the line as shown in figure 5-7.

| CODE BIT
DATA BIT 0

| PARITY BIT

| SPROCKET BIT
DATA BIT 0
DATA BIT |
DATA BIT |

[ ] CODE BIT

FIGURE 5-7, POSITIONING OF BITS ON A LINE

Magnetic tapes which have punched holes marking the bad spot areas should
not be used during continuous data input recording., The off-line recording



equipment records through the bad spot area, and this information is disre-
garded when the marked bad spot is detected during reading operation, Magne-
tic tapes which are not marked for the bad spots can be used if the nature of

the recorded data is such that all observations need not be correct, If maximum
reliability of recorded data is required, then perfect tapes must be employed,

5-197. DATA ENTRY WORDS

5-198. The Data Entry Word is the basic item, the observation recorded, on
continuous input Unitapes, A Data Entry Word is assembled from each group
of three consecutive lines on tape, A Data Entry Word consists of 12 bits of
data, five code bits, and a parity check bit for the word, The five code bits
identify the data in the Data Entry Word, The 12 data bits can be in any code,
but are frequently a true 12-bit number, or three decimal digits in binary
coded decimal form, Each line of tape is checked for a parity error, If a
parity error occurs in any of the three lines from which the Data Entry Word
is composed, the parity check bit of the word is ''1," Otherwise, the parity
check bit is ""0,'" One code bit from the tape is discarded to allow for the
parity check bit, Note that no parity error indication is sent to IOA, The check
for a parity error must be programmed by inspecting the Data Entry Word,
This is not necessary if the nature of the data is such that an occasional error
can be tolerated,

5-199, After two Data Entry Words, or six consecutive lines of tape, are
assembled in the Tape Register, the 36-bit word is transferred to IOB, During
the transfer, the bits of the Data Entry Words are re-arranged to minimize

the€ required shifting and masking operations which must be programmed. The

appearance of Data Entry Words in IOB and on the tape is shown on page 5-48.

5-200, BLOCK CONTROL CODE

5-201, If both code bits of a line are ''l, " the line is said to contain a Block
Control Code (BCC), Block Control Codes are used basically to initiate the
actual reading of data from the tape, and to identify groups of Data Entry Words
in the block., A Block Control Code is stored on the first line of the first Data
Entry Word of a group, Recognition of a Block Control Code aids in position-
ing the tape and checking the synchronism of reading operations, Block Con-
trol Codes are recorded on the tape not closer than 2, 4 inches and must also
be recorded at a ''mod 6'' distance, A BCC mod 6 check determines whether
the number of lines recorded from one Block Control Code to the next is an
integral multiple of six, Since the Block Control Code appears more often,
and hence is more effective in grouping data than is the inter-block space, the
BCC check provides a more frequent check on the correct assembly of words
than does the end of block mod 6 check,
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- Data Entry Word I

IOB BIT POSITIONS

- Data Entry Word II

o
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35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

~ vy — N —
T VD\a{\_—/ Codes 1

Codes
Parity check
for word I

I0B BIT POSITIONS TRANSFOSED TO THE TAPE REGISTER

Parity check
for word II

Data

o ™™™ T rim——

35 34 29 28 27 26 33 32 25 24 23 22 31 30 21 20 19 18 17 16 11 10 9 8 15 14 7 6 5 4 13 12 3 21 0

IOB BIT POSITIONS TRANSPOSED TO TAPE

35 33 31 17 15 13 code bits
29 25 2111 7 3 data bits
P P P P P P parity bits
Direction of S S S S S S sprocket bits
- 28 24 20 10 6 2 data bits
tape movement 27 23 19 9 5 1 data bits

26 22 18 8 4 0 data bits

34 32 D 16 14 D code bits (D = Discards)

T —— O N —

Data Data

Entry Entry

Word I Word II

Following are possible code combinations in IOB bit positions:

in IOB35, 34 - 00, 01, 10, or BCC of 11

in I0By7 16 - 00, 01, 10

in IOB33, 32 and IOB15’ 14 - 00, 0L, 10

in IOB3], 30 and IOB;3 , - 00, 10 (no parity error in word)

- 01, 11 (parity error in word)

These same code combinations are possible on tape, except that positions 31, D and 13, D cannot be 1L

This combination would indicate a Block Control Code to tape control,

duringz word assembly, and the corresponding position in IOB receives a parity check bit,

The '"1'"" in position D is discarded



5-202, PROGRAMMING,

5-203, The tape operations discussed in regards to continuous data input .mode
operation are the read forward, read backward, and stop operations, The re-
wind, rewind interlock, and change bias operations are programmed and accom-
plished in the same manner as they are in fixed and variable mode operation;

no specific instructions concerning these operations are given in this section,
The operation codes for the rewind, rewind interlock, change bias, and stop
operations need not include the variable/continuous selection bits,

5-204, Neither a write nor a move operation is possible in the continuous data
input mode, If an EF instruction with these operation codes, and the variable/
continuous selection bits, is executed, the IOB output lockout is removed. No
tape movement is started. The next External Function or External Write in-
struction creates an IOB lockout which is not removed since an IOB to TCR trans-
mission is not allowed.

5-205, Note that an EF Change Mode instruction is necessary preceding the
first EF Read tape instruction in continuous mode operation, The EF Change
Mode instruction is discussed on page 5-10,

5-206., READ FORWARD

5-207, After the execution of the EF Read Forward instruction, tape movement
is started, and lines are sensed from the tape, Data is discarded, however,
until the first Block Control Code is sensed, When the first BCC is detected,

the assembly of lines is begun in the Tape Register, The first word assembled
includes the line in which the Block Control Code appeared. When six lines

have been assembled, the 36-bit transmission from TR to IOB occurs, Each
time such a transmission occurs, IOB must be read by an External Read in-
struction before the next transmission, Reading and assembly of words continues
until an EF Stop Tape instruction is executed, or until an end of record space

is detected.

5-208, The IOA Register is used to receive check indications during reading,
similar to its use during variable block length reading. A check.of the contents
of IOA determines the course of action, Indications sent to IOA include the fol-
lowing: a BCC check, an end of block indication with a mod 6 check, and an
end of record indication, These are explained subsequently,

5-209, BCC CHECK

5-210, With each TR to IOB transmission of a 36-bit word, a BCC check indi-
cation is sent to IOA, The BCC check error informs the programmer of a
recording error, or reading error, such that Block Control Codes appear at
line intervals not an integral multiple of six, If IOA; | 4 is ''000" or "00I,"
then a word has been transmitted to IOB, and an External Read of IOB must fol-
low, If a Block Control Code appears in the word just assembled, and the line
count was zéro when the BCC was detected, then IOA, is equal to zero, (If the
word contains no BCC, TOA Féceives the same indication of no BCC error,) If
a Block Control Code appears in the word just assembled, and the line count
was not zero when the BCC was detected, then IOA; is set to '"l,"" The BCC
error effects no stop of tape movement, Reading may be continued, or an EF

5-49



Stop Tape instruction may be programmed,

5-211, MOD é CHECK

5-212, The mod 6 check indication is sent to IOA with the end of block indication,
The end of a block is detected when a 600 microsecond time lapse occurs with

no detection of recorded sprocket bits, The end of block indication in IOA; =
"1, If IOAp 1 g is ''010" or "0ll, ' the end of the block was detected, and an
External Read of IOB should not be programmed, If the bits are '""0ll, ' a mod 6
error exists in the block just read. A mod 6 error indicates that the number

of lines per block was not an integral multiple of six. The mod 6 error does

not effect a stop of tape movement, Reading may be continued, or an EF Stop
Tape instruction may be programmed, The lack of a mod 6 error, when a BCC
error has occurred, might indicate faulty recording by the off-line equipment,

5-213., END OF RECORD

5-214, When four inches of tape pass under the read/write head without the de-
tection of recorded sprocket signal, IOA) receives a ''l," Thus, if an External
Read of IOA, and a check of its contents, reveals that IOAZ,I o is '"100, " the end
of the recorded area on the tape has been detected, Tape movement is auto-
matically stopped, and the program for reading this tape should be discontinued,

5-215, I0B READ FAULT

5-216. The most probable cause of an IOB Read fault is the elapse of too much
time between the execution of External Read instructions, If this is the case,

the faulty program must be corrected before successful reading can be accom-
plished., The effects of an IOB Read Fault are given in the table on page 5-52.

5-217, READ BACKWARD

5-218, As in the read forward operation, reading is initiated by the detection
of a Block Control Code, The assembly of lines begins, however, with the line
adjacent, or immediately following, the line in which the BCC appears. This
difference allows the bits of the Data Entry Words to be assembled in the same
order as in reading forward. Data Entry Words in IOB have the same configu-
ration in reading backward as in reading forward, Assembly of lines in a read
backward operation continues until an EF Stop instruction is executed, or until
detection of the tape leader causes an end of record stop.

5-219, Probably the most extensive use of the read backward operation is for
re-positioning the tape in a backward direction, In this case, the reading most
likely is desired only until a specific Block Control Code is reached or until a
certain group of recorded observations is noted, The same indications are sent
to JOA as in reading forward; the routine for reading backward must include
External Reads of IOA,

5-220. STOP TAPE OPERATION,
5-221., An EF Stop Tape instruction terminates reading either in the inter-block

space or within a block, Programming of the EF Stop Tape instruction is in-
dependent of the positioning of the Block Control Codes on the tape,

5-50



5-222.

To stop reading in the middle of a block, the EF Stop Tape instruction

is programmed after External Reads of IOA and IOB, An EF Stop Tape instruc-
tion programmed in the inter-block space follows an External Read of IOA, An
EF Stop Tape instruction effects a ''clear'' of the tape system,

5-223,

SYNOPSIS OF CONTINUOUS DATA INPUT MODE OPERATION

TAPE OPERATION

PROGRAMMING AIDS

Change Mode

(page 5-10)

If tape control is not already prepared for continuous
data input mode operation, program an EF Change Mode
instruction before reading,

Designate in (v) of EF instruction the following: magne-
tic tape master selection and change mode, See table

page 5-15,

Read Forward/
Backward

(pages 5-49 to 5-50)

Designate in (v} of EF Read instruction the following:
magnetic tape master selection, read forward/backward,
var/cont, tape unit, See table page 5-15,

Observe limitations on allowable computation time be-
tween EF Start instruction and first ER, between suc-
cessive ER's, between last ER and EF Stop Tape instruc-
tion,

Before reading a word, read and check contents of IOA;
then, accordingly, read IOA again, or read IOB and/or

program an EF Stop Tape instruction,

Program an EF Stop Tape for all desired stops during
reading except at t he end of record,

Omit uniservo selection in EF Stop Tape instruction,

Stop Designate in (v) of EF instruction the following: magne-
tic tape master selection and stop code, See table page
5-16,

(page 5-50) Observe requirements for reading IOB and/or IOA be-
fore programming an EF Stop Tape instruction,
Omit uniservo selection in the stop code,

Rewind

Rewind Interlock

Change Bias

See table for Fixed Block Length Mode Operation, page
5-27.

5-51




5-224, SYNOPSIS OF TAPE OPERATION ERRORS

5-225, The errors listed below either cause computer stops or stalls, or are
directly responsible for computer faults., A Master Clear is required to remove
all fault conditions., The registers and indicators listed are discussed in the
OPERATIONS section,

FAULT

COMPUTER
FAULT OR
STOP COND,

INDICATORS

COMMENTS

<720 Sprocket
Error

(during reading
only)

IOB lockout stall
B Fault Stop

Sprocket Error fault
indication

MT B Fault indication
(PCR) = ER

Tape stopped

See page 5-19
for discussion

Fixed mode only

>720 Sprocket
Error
(during reading)

B Fault Stop

Sprocket Error fault
indication
MT B Fault indication

See page 5-19
for discussion
Fixed mode only

>720 Sprocket
Error .
(during moving)

B Fault Stop

Sprocket Error fault
indication
MT B Fault indication

See page 5-23
for discussion

Fixed mode only

IOB Read Fault,
Class I

B Fault Stop

IOB Fault indication
IOB Class I fault
indication

Tape stopped

See page 5-20
for discussion

All modes

No Information
Fault
(too feww EW'sg)

B Fault Stop

MT B Fault indication

No information fault
indication
Tape stopped

See page 5-22
for discussion

Fixed mode




FAULT

COMPUTER
FAULT OR
STOP COND,

INDICATORS

COMMENTS

No Information
Fault
(too many EW's)

B Fault Stop

MT B Fault indication
No Information fault
indication

Tape stopped

See page 5-22
for discussion

Fixed mode

Ne Information

Fault
(EW too late)

MT B Fault indication
No Information fault
indication

Tape stopped

See page 5-38
for discussion

Variable mode

No Information
Fault

(EF Stop too
late during
writing)

B Fault Stop

MT B Fault indication
No Information fault
indication

Tape stopped

See page 5-38
for discussion

Variable mode

No Information
Fault

(No EF Stop to
terminate writ-
ing)

B Fault Stop

MT B Fault indication
No Information fault
indication

Tape stopped

See page 5-38
for discussion

Variable mode

Uniservo Inter-
lock Fault

B Fault Stop

MT B Fault indication
Uniservo Interlock
fault indication
Extinguish '"Ready"’
light on uniservo
Tape stopped

See page 5-62
for discussion

All modes

Select Error

Possible IOB
lockout
stall

Select Error indica-
tion

(IOB) =(v) of 1st EF
Possible (PCR)=2nd EF,
EW or ER after 1lst EF
Tape movement not
started

See page 5-59
for discussion

All modes




COMPUTER

FAULT OR
ERROR STOP COND, INDICATORS COMMENTS
Read Backward | IOB lockout (PCR) = ER A stall on an IOB
n blocks when stall (TCR) = Read lockout is produced
m (<n) are backward by the first ER in-
recorded (IOB) =0 struction for block

Tape rewound &
stopped on leader

n+1,

Fixed mode only

Read Forward
n blocks when

m (<n) are re-
corded

IOB -lockout
stall
B Fault Stop

(PCR) = ER
(TCR)= Read forward
(IOB) =0

MT B Fault indication
Uniservo Interlock
fault indication

The tape movement
is not stopped until
the end of the tape
is reached, which
produces the Inter-
lock fault, The
first extra ER
command estab-
lishes the IOB lock-
out and stall,

Fixed mode only,

Move Backward
n blocks when
m (<n) are
recorded

Possible IOB
lockout stall

Possible (PCR) =
2nd EF; EW or ER
after lst EF

(TCR) = Move back-
ward

(BK) =n-m

(IOB) = (v) for 1st
EF

Tape rewound and
stopped on leader

See page 5-24

Fixed & variable
modes,

Move Forward
n blocks when

m (<n) are re-
corded

B Fault Stop
Possible I0B
lockout stall

Possible (PCR) =2nd
EF; EW or ER after
1st EF,

(TCR) = Move forward
(BK) =n - m

(IOB) = (v} for 1st EF
Uniservo Interlock
fault indication

MT B Fault indication

Tape movement stopped

on trailer

See Page 5-23

Fixed and variable
modes




COMPUTER
FAULT OR

ERROR

STOP COND.

INDICATORS

COMMENTS

Failure to ter-

minate reading

with an EF Stop

Tape instruction

1) last recorded
block

2) an interme-
diate block

B Fault Stop

B Fault Stop

(TCR) = logical
sum of (TCR);
and (v) of next
EF-v

MT B Fault in-
dication
Uniservo Inter-
lock fault
indication

IOB Fault indi-
cation

IOB Class I
fault indication
Tape stopped

Tape movement is not
stopped until the end of

the tape is reached. This
produces the Uniservo
Interlock fault, Since TCR
is not cleared, the speci-
fication of an operation by
an EF instruction is added
logically to the read opera-
tion code still in TCR,

The resulting behavior of
the tape units

is unpredictable,
mode only

Fixed

The IOB Class I fault oc-
curs when no ER's are
programmed to receive
the recorded information
being read from the tape.
The cause of the fault is
interpreted as "'too few
ER's'" discussed under I10B
Read Fault on page 5-20
Fixed and variable modes

Failure to ter-
minate writing
with an EF Stop
Tape instruction

B Fault Stop

MT B Fault
indication

No Information
Fault indication,
Tape stopped

See page 5-22 for discussion.
Fixed block mode

Programming a
Change Bias &
any other tape
operation in the
same EF instruc
tion

Possible
lockout stall

Possible (PCR) =
ER; EW
Possible illu-
mination of Read
Bias indicators
No Tape move-
ment

The specified tape opera-
tion is stalled, because

of the absence of a Uniservo
selection, while the bias
change is completed. At
completion, TCR is cleared
and IOB is ready to accept
another EF or an EW in-
struction, The execution
of a second EW or of an

ER ihstruction causes the
IOB lockout stall, If

a block count was not spe-
cified with a Change Bias/
Move combination, TCR is
cleared immediately, and
no bias change occurs,
Another EF can be executed
immediately,

Fixed and variable modes




5-226, OPERATION
5-227, OPERATION INDICATORS.

5-228. Tape operation is reflected by the condition of indicators on the uni-
servos, the tape control cabinet, and the left section of the computer control
panel, These indicators and their reactions to tape operation and tape oper-
ation faults are discussed in the following paragraphs.

5-229, UNISERVO

5-230, The uniservo (see figure 5-8) used with the Univac Scientific 1103A

is depicted to the left, The uniservo '""Ready' indicator (green) is between the
tape reel panel doors, upper center section of the uniservo. This indicator is
illuminated when the uniservo interlock circuit is energized; i, e,, when power
has been applied to the uniservo, when the tape reel panel door switch is set

to its ON position, and when the forward limit, buffer tape detector, left tape
loop, and right tape loop switches are in their normally closed position, If the
Ready indicator is not illuminated, operation cannot be initiated on this uniservo,

5-231. A failure to have the interlock circuit not energized because power has
not been applied to the uniservos would not usually occur., Power is normally
applied to the uniservos (and the tape control system) at the same time power
is turned on for the computer., Normally, if it is noted that the uniservo
Ready indicator is not illuminated, the interlock circuit is not energized be-
cause one of the switches in the circuit is open, The condition which caused
the switch to be opened must be corrected before any operation on the unit can
be undertaken, The interlock switches and the conditions which cause them to
open are discussed in the following paragraphs.

Figure 5-8




5-232, The tape reel panel door switch is located immediately below the
Ready indicator, This interlock switch must be set to OFF to open the left
tape reel panel door and cannot be returned to its ON position until the door is
closéd. Effectively, then, opening the uniservo door causes the Ready indica-
tor to be dropped. The dogr must be closed and the door switch reset to ON
before the interlock circuit is energized.

5-233, A plastic buffer tape is inserted between the read/write head and the
metallic recording tape. This plastic tape serves to reduce both tape wear

and friction, When this tape is broken or the supply is exhausted, the detec-
tor interlock switch is opened, dropping the '""Ready' indicator. The replace-
ment of the plastic tape by maintenance procedures closes this interlock switch,

5-234, The forward limit interlock switch is opened when the magnetic tape
moves into the trailer area on its far end, i,e., the left-hand tape reel is de-
pleted and the right-hand tape reel contains all of the tape. (The forward limit
switch is opened when the "rubber bumpers' on the trailer are detected), To
close this switch, to energize the uniservo interlock circuit, and to illuminate
the ""Ready'" indicator, the tape must be rewound past its trailer position., This
is accomplished by opening the panel door and manually turning the reel in the
counter-clockwise direction several times (until the switch no longer makes
contact with the rubber bumpers). The complete rewinding of the tape onto

the left-hand reel can then be accomplished by the normal rewind operation
which can be instigated manually from the computer control panel, or under
program control,

5-235, The right and left tape loop switches are opened, and the "Ready' in-
dicator dropped, when the tape loops are out of normal position, This could
be caused by tape breakage or possibly could result from faulty operation of
control circuits in the uniservo, Maintenance procedures are necessary to
correct these conditions,

5-236, De-energizing the uniservo interlock circuit, and dropping the "Ready"
indicator, could also be caused by blowing a fuse, A blown fuse in the uniser-
~vo cabinet is shown by the illumination of the Fuse indicator, which is loca-
ted inside the right-hand tape reel door, above the tape reel mounting, Illu-
mination of the Fuse indicator shows that some part of the uniservo is inoper-
ative, However, the uniservo interlock circuit is not necessarily de-ener-
gized., Detection and replacement of the blown fuse is a maintenance proce-
dure,

5-237, Other indicators located on the uniservo are the Temp Fault, Rewind
Interlock, Master Tape, and Clutch, Stop and Go. The Temp Fault, Rewind
Interlock and Master Tape indicators are located inside the right-hand tape
reel door, above the tape reel mounting,

5-238. The Temperature indicator is illuminated when a temperature rise
above 1200 F, is detected in the uniservo, This condition causes a computer
A Fault and illuminates the Temp indicator in the A Fault Group on the com-



puter control panel, Computer operation is halted by an A Fault condition,
Operation is resumed after corrective maintenance by depressing the Clear
A Fault button (unless a B Fault has resulted from tape reading or writing
occurring at the time of the computer stop. If this is the case, either (1)}, the
MTB fault indicator and the No information fault indicator on the computer
control panel are illuminated, or (2), the IOB fault indicator on the computer
control panel is illuminated).

5-239. The Rewind Interlock indicator is illuminated when the magnetic tape
has been rewound with interlock on the left-hand tape reel, This condition in-
dicates that the tape on this uniservo should be replaced before this unit is
used again, Opening the door to replace this tape drops the "Ready" condition
of this unit (because the door switch must be set to OFF) and drops the rewound
with interlock condition,

5-240, The Master Tape indicator is illuminated when an attempt is made to
write on a tape fitted with a Master Tape Ring, The Master Tape Ring is a
flat metal spiral which is inserted in the inner circumference of a tape reel,
This tape reel, fitted on the left tape reel mount, prevents the initiation of a
writing operation on the uniservo, (The resulting ''not ready' condition is
discussed later under indicators on the Supervisory Control Panel,) The Mas-
ter Tape Ring is easily inserted and removed from the inner side of the tape
reel.

5-241. [nside the left-hand tape reel door, above the tape reel mounting, are
indicators labeled Clutch, Stop (red) and Go (green), The Go indicator is
illuminated when the clutch is energized, This indicator remains illuminated
until a stop tape signal is received by the tape drive mechanism to operate
the brake, thus releasing the clutch, At this time the Stop indicator is illu-
minated, and remains illuminated, until the tape is re-started or until power
is dropped from the unit,

5-242, TAPE CONTROL CABINET

5-243, This cabinet is located immediately to the left of the Power Supply
Cabinet, Located inside the right-hand door are the lLogical Number Selec-
tion switches and the Select Error indicator. (See figure 5-9), Each uni-
servo is physically defined by one of the numbers 1, 2, ... 10, depending upon
the number of uniservos installed, For instance, if an installation has eight
uniservos, it would be expected that the numbers 1,,., 8 would define the
eight units, The Logical Number Selection switches are labeled uniservo 1,
uniservo 2, etc, Encircling the switches are the numbers 1 through 10, A
tape unit is assigned a logical designation by turning the appropriate selection
switch so that the white line on the switch is in line with the number desired,
The numbers available for logical assignment depends upon the number of tape
units installed, i.e., if eight uniservos are installed, any of these units may
be logically assigned any of the numbers one through eight, Thus, if the eight
tape units at an installation are physically defined as uniservol.,. 8, the
switches labelled uniservo 9 and uniservo 10 should be set to the logical desig-
nations of 9 and 10. It is not allowable for two switches to be set to the same
logical designation even though some of the switches define a non-existent tape
unit,

5-58



Figure 5-9

5-244, The Select Error indicator is illuminated by setting two Logical Num-
ber Selection switches to the same number, i,e., giving two "uniservos' the
same logical designation. The error is indicated regardless of whether or

not the '"uniservo'' is non-existent or out of service for maintenance reasons,
The Select Error prevents an IOB to TCR transmission for the first EF tape
instruction attempted., The IOB lockout is not removed; hence the next attemp-
ted External instruction causes a computer stall, Correcting the selection
causes the Select Error light to be extinguished, Operation is automatically
resumed.,

5-245, Caution must be used in opening the tape control cabinet door, or any
cabinet door, to note the condition of the switches and the error indicator.
Before the cabinet door is opened, the Bypass Cabinet Interlock key in the

Test Switch Group, right section of the computer control panel, must be turned
to its Abnormal position, The failure to do this before opening a cabinet door
causes an emergency power drop to the computer system, and maintenance
procedures are necessary to resume operation,

5-246, SUPERVISORY CONTROL PANEL

5-59



5-247, Represented on the left section of the Supervisory Control Panel are

components of the tape control system. Indicators here assist the operator in
manual operation of the uniservos, and aid in diagnosing certain error condi-
tions., Registers whose contents are displayed are TCR, Tape Control Regis-

ter, TR, Tape Register, and BK Block Counter.

5-248., The lower right corner of the tape control panel is illustrated in figure
5-10. In the MT Controls group are buttons labelled Clear and Start. The
Start button is depressed to manually initiate a tape operation., Depression of
the Clear button effects a Clear of the tape control system only, not the entire
computer, This should not be confused with the computer Master Clear, as de-
pression of the tape Clear button does not disturb the main computer control.




5-249, Indicators in the MT Controls group are labelled Hi Bias, Lo Bias, Not
Ready, and Cont Input, The illumination of the one of the indicators labelled
high or low bias shows the selection of a read bias other than normal, Illumi-
nation of the indicator labelled Cont Input shows that an EF Change Mode in-
struction has prepared tape control for reading in the continuous data input meode,
While this indicator is illuminated, an EF Read instruction with the Select Var/
Cont bits causes reading in continuous data input mode. The indicator is ex-
tinguished by another EF Change Mode instruction, or by a computer Master
Clear.

5-250, The Not Ready indicator is illuminated when an attempt is made to

start operation on the uniservo specified in TCR, and this uniservo is found to
be 'not ready.' A referenced uniservo is not ready when it has no power; when
a rewind interlock condition exists on this tape unit, or this tape unit is current-
ly rewinding with interlock at completion; or when an attempt is made to write
on a reel of tape fitted with a Master Tape Ring., Another External Function or
External Write instruction executed before the elimination of the not ready con-
dition creates an IOB lockout condition, Computer operation can continue un-
til a second EF or EW instruction is executed, at which time the computer is
stalled, The first External Read attempted with a not ready condition causes

a computer stall, Steps should be taken immediately upon noting the Not Ready
indication to eliminate the condition, The corrective procedure is as follows:

(1) Eliminate the not ready condition, according to the cause, as explained
subsequently,

(2) Depress the tape START button,

5-251, A not ready condition due to no power in the specified uniservo, occurs
when the uniservo interlock circuit is de-energized, This is evidenced by the
extinguished Ready light on that uniservo, (The uniservo Ready light and uni-
servo interlock circuit are discussed in the paragraphs on uniservo indicators),
Unless the lack of power is due to the tape reel panel door being open, the res-
toration of power will probably have to be corrected by maintenance procedures.

5-252, A not ready condition due to a rewind interlock condition on the speci-
fied uniservo, is indicated by the illumination of the Rewind Interlock indicator
on that uniservo. (A rewind interlock condition exists after a tape unit has
been rewound with interlock until the tape reel panel door switch is opened on
that uniservo). Recovery from this ''not ready' condition is accomplished by
replacing the tape reel on this uniservo, or by merely opening and closing

the uniservo tape reel panel door switch. No protection is provided against
another IOB to TCR transmission before the removal of a Rewind Interlock
"not ready'* condition, However, any External instruction following the EF
tape instruction which created the ''not ready, ' is most likely to be an ER or
EW instruction,



5-253, If the Not Ready indicator is illuminated, and the Master Tape indica-
tor on the uniservo is illuminated, then the not ready condition is caused by
an attempt to write on a tape reel which has been fitted with a Master Tape
Ring. The '"'not ready' condition can be eliminated by any of the following
steps,

(a) Place a different tape reel on the uniservo, or replace the same tape
reel on the uniservo, after removing the Master Tape Ring; or

(b) Specify a different uniservo for operation by setting a different uniservo
number in TCR; or

(c) Specify a different uniservo for operation by changing the settings of
the Logical Number Selection switches in the tape control cabinet,

5-254, In the MT Fault group on the tape control panel are indicators labelled
No Info, Sprocket, and Uniservo Intlk, All of these faults illuminate the MT

B Fault indicator and cause a B Fault stop., The No Information and Sprocket
Error faults are discussed elsewhere, (See the table on page 552) These faults
can be cleared, and their indicators, the MT Fault indicator, and the B Fault
indicator are extinguished, by depressing the Master Clear button on the com-
puter control panel,

5-255. The Uniservo Interlock fault is caused by a drop of power in a uniservo
which is in gperation, The failure of power is due to the uniservo interlock
circuit being de-energized, (The uniservo interlock circuit is discussed under
uniservo indicators)., This condition is shown on the faulty uniservo by the ex-
tinguishment of the '""Ready'" indicator., The computer is stopped approximately
15 ms after the power failure., Computation can be resumed after depression

of the Master Clear button, However, the procedure should be as follows,
Depress the Force Stop button, if the computer fault stop has not yet occurred;
Master Clear the computer; correct the fault condition; make the desired selec-
tions on the computer control; and depress the computer Start button, Correc-
tion of the fault condition will probably require maintenance procedures unless
the fault was caused by inadvertently opening the tape reel panel door on the tape
unit referenced,

5-256, PREPARATION FOR OPERATION

5-257, The procedure for preparing for tape operation under program comtrol,

or manual control is as follows, assuming that the uniservos have been properily
equipped with tape reels. (The lett tape reel should not be fitted with a Mas-

ter Tape Ring.)

a, Determine whether those Logical Number Selection switches which
physically define installed uniservos have been set to the logical num-
ber designations used in the program. (The numbers which can be used
for logical designations cannot exceed the number of installed uniservos,
Also two switches cannot be set to the same number,)



Check for the illumination of the green '""Ready'' indicator on each tape
unit to be used, If this indicator is not illuminated, the resulting Not
Ready indication leads to an operational delay,

Check for the illumination of the Rewind Interlock indicator on each

tape unit to be used, This condition should be eliminated before attemp-
ting any operation on the uniservo to prevent a Not Ready indication and
an operational delay,

The procedure to replace any rewound tape is as follows:

a.

g.

Turn the door switch to its OFF position and open the left tape reel panel
door,

The clip connecting the magnetic tape and the leader should be positioned
immediately below the tape reel, Disconnect the magnetic tape and the
leader by releasing the clip.

Pull forward the holding latch on the tape reel mounting., This releases
a locking pin directly under the knob from its position in one of the slots
in the inner circumference of the tape reel. Remove the tape reel from
the tape reel mounting.

Place another rewound tape on the tape reel mounting so that the tape
winding is in the clockwise direction., Return the holding latch to its
closed position, first positioning the tape reel so that the locking pin is
inserted into any of the slots in the inner circumference of the tape reel,

Join the magnetic tape and the leader by fastening the clip connection,

Turn the tape reel counterclockwise until any tape slack is taken up.

Close the panel door and set the door switch to its ON position,




5-258, MANUAL OPERATION,

5-259. Certain tape operations can be manually initiated, but only if the main
computer operation is interrupted, and if the computer is set to operate in

Test mode. The operations which can be successfully completed after a manual
initiation are rewind, rewind interlock, move forward and backward, and change
bias, To initiate one of these operations, use the following procedure:

a, Depress the computer Force Stop button.

b. Depress the computer Master Clear button,

c. Set the computer to the Test Mode,

d. Set the desired operation code and uniservo selection (except for a
Change Bias operation) in TCR by depressing the appropriate ''set"

(black) buttons, * (The white button is depressed to clear the register,)

e. If a Move operation is desired, the number n of blocks to be moved is
inserted in the Block Counter, BK,

f. Depress the tape Start button,

The computer should be returned to Normal Mode operation after completion
of the tape operation.

5-260., At the completion of the move forward, move backward, and change
bias operations, the Tape Control Register and the Block Counter are auto-
matically cleared, If the bias is changed to high or low, one of the bias in-
dicators in the MT Controls group is illuminated, If a manual rewind opera-
tion is performed, TCR is cleared when the rewind operation is initiated,

* The bits set into TCRH_ ..0 are as iollows:

For a rewind operation, 010 000 00u uuu

For a rewind intetlock operation, 100 000 00u uuu

For a move forward operation, 000 000 10u uuu (fixed block length)
For a move backward operation, 000 00l 10u uuu (fixed block length)
For a change to low bias, 000 000 001 110

For a change to high bias, 000 000 001 111

For a change to normal bias, 000 000 001 101



APPENDIX A

UNIVAC SCIENTIFIC INSTRUCTION REPERTOIRE

INSTRUCTION

(and code notations)

01

02

03

04

05

11

12

13

14

15
16

17

Floating Point

Polynomial Multiply, FPuv u=Q or v=A or Q yields

Floating Point
Inner Product, Fluv

Floating Point Unpack,
UPuv

Floating Point

Normalize Pack, NPuv

Floating Point

Round Option, FRj-

Transmit Positive, TPuv

Transmit Magnitude,
TMuv

(MODEL 1103A)
FUNCTION

(and anomalies) EXECUTION TIME
(in microseconds)

(1) (Q); + (VR

MC TO MC

Min: 302

abnormal result. Max: 656

(Q)j=—»F4; Min: 324
{(u)(v) +(Q);=Q Max: 678
v=(QQ yields abnormal re-

sult.
Jll)‘;n—" u; (u)c—*v 60

Ifu, v=A, Aor Q,Q

(u) , is lost

Pack (u) with mantissa 142 + 4s
from (u)j and character- Min: 142
istic from vao ...V Max: 278
Ll 34 27

u=v yields abnormal re-

sult.

If j=1, normalize without 18

rounding until a Master

Clear or FRj-with j=0

(u)=—>v 38

If u=v=A, then (A)f =D(AR)..

_J_Lu_)‘-Vv 38

If u=v=A, then (A)sz‘(AR)Ii'

Transmit Negative, TNuv _(u)=>v 38

Interpret, IP--

Transmit U Address,
TUuv

Transmit V Address,
TVuv

External Function, EF-v

If u=v=A, then (A); =D(AR);.
(PAKP=v of (F)), Fp==PAK 30

——1'1'29' o.- ulS‘*VZg. .o VIS 38
Fault if v=A or Q.

__1114o . :uo*v14. ) VO 38
Fault if v=A or Q.

(v*IOB to select and op- 28
erate external equipment

A-1



INSTRUCTION FUNCTION MC TO MC
(and code notations) {and anomalies] EXECUTION TIME
{in microseconds)

21 Replace Add, RAuv D(u) + D(v)sA; (A)peu a0
_ifu £ A
“Ifu= A, then (A)f—D(AR)+
D(v)
If v=A, then (A)¢=2D(u);
If u=v=A, then (A) f—ZD(lAR

22 Left Transmit, LTjkv Shift (A) left k places; j=0, 32 + 2k
(AL)—vv;
j‘—‘l, (AR)—PV
23 Replace Subtract, _D(u) -D(v)=>A; (A) g=#u if u;éA 62
RSuv "If u=A, then (A)g =D(Ag); ~D(v).

If v= A, then (A)f =0.

27 Controlled Complement, (u)(®(v)+A_; (Agl»uifu# A 52

CCuv If v=A, then (Ag ¢ =0
31 Spiit Positive Eniry, S{uj?A; shift {A) left k places 32+2k
SPuk
32 Split Add, SAuk S(u) +(A); shift (A) left k places 32+2k
33 Split Negative Entry, [S(u) A; shift (A) left k places 34+2k
SNuk
34 Split Subtract, SSuk (A)-S(u); shift (A) left k places 34+2k
35 Add and Transmit, ATuv (A)+D(u}; (AR)-bv if v A 44
36 Subtract and Transmit, (A)-D(u); (Aglvifv # A 46
STuv
37 Return Jump, RJuv _EAK)-»uM. ..uy; v=—=PAK 36
Fault if v=A or u=A or Q
41 Index Jump, TJuv D(u) - 1->A if u # A; No Jump: 42
_if Df(u )->(u), Jump tov Jump: 52
TIfu is A then ; -L-
Faultif jump to v= A
42 Threshold Jump, TJuv _If D(u)>(A), jump tov No Jump: 42
(A)g = (A)4 Jump: 42

Fault if jump tov = A.



INSTRUCTION FUNCTION MC TO MC
(and code notations) (and anomalies) EXECUTION TIME
(in microseconds)

43 Equality Jump, EJuv  _If D(u)=(A), jump tov No Jump: 54
(A)¢=(A); Jump: 54
Fault if jump to v=A,

44 Q - Jump, QJuv Q3g=1, jump to u; Q35=0, jump 18
to v;

__shift (Q) left one
Fauit if jump to u=A or v=A.

45 Manually Selective If =0, jump tao v; j=manual No Jump: 18
Jump, MJjv selection of 1, 2, or 3, jump Jump: 18
tov

TFault if jump to v=A.

46 Sign Jump, SJuv A71=1, jump to uj A;=0, jump 18
tov
Faultif jump to u=A or v=A.

47 Zero Jump, ZJuv (A)#£0, jump to u; (A)=0, jump 30
tov
Fault if jump to u=A or v=A.

51 Q-Controlled Transmit, (A)= SUU)®(QH (AR)ov if v¥A 44
QTuv Ifu=A, (Ajg=5 (anlu\u)]
Ifu=Q, (A)s=S(Q)

52 Q Controlled Add, (A)¢=(4) + s[iw @] ; 46
QAuv (AR)f vifv #A
If u=A, (A)f = (A); + S[(AR);
®@(Ql.’
It u=Q, (A); = (A); + S(Q.

53 Q Controlled Substi- (A) S[(u)@(Q] + S[(V) @(Qﬂ; 74
tute, QSuv (AR)->V if v #A
If v = A, A)f— [(u @ Qil.
Ifu=Q, v= = S (Q).
Ifv = Q, (Af_ s[( @QWS
Ifu=v=Q, (Af=2

54 Left Shift in A, LAuk  Dl(u)A, if u#A; shift (A) left 44+2k

k places;
(A )»u if ufA
TIf u=A, (A) = (A), shifted
55 Left Shift in Q, LQuk (u}»Q; shift {Q) left k places; 42+2k
(Q)=>u



INSTRUCTION

(and code notations)

56

57

61

63

64

65

66

67

T

72

73

74

75

76 External Read, ERjv

Manually Selective
Stop, MSjv

Program Stop, PS--

Print, PR-v

Punch, FUjv

Floating Point Add,
FAuv

Floating Point
Subtract, FSuv

Floating Point
Multiply, FMuv

Floating Point
Divide, FDuv

Multiply, MPuv

Multiply Add, MAuv

Divide, DVuv

Scale Factor, SFuv

Repeat, RPjnw

FUNCTION
{and anomalies)

If j=0, stop; if j=manual sel-
_ection of 1, 2, 3, stop; voPAK

Fault if jump to v=A
Final stop with indication

vg...vy to TWR to operate
typewriter

VgV
and 7th level if j=1

(u) + (vI—Q
v=A or Q yields abnormal
results

(u) -(v)—Q
vz=A or Q yields abnormal
results

_u(v—>Q

v=Q yields abnormal results

) + (v —Q
v=A yields abnormal results

(u) —Q; QW) —> A
If v=A, (A)f =0
If v=qQ, (Alg = (w)?

_(u)-Q; (A); + (Qv) = (A
TEv=A, (Alg = (A +(u)(A7);
Ifv=Q (Al = (A); + ()2

(A); = (Qw +R; 0¢ R< [ (u)]

(A = (R); (Q—v
Tfv=A, (A); = D(Q)

D(u)—A, if u#A; shift
(A) left 36 places; then shift

until A35#A34; k—)Vl4. . VO

“Fault if v=Q or A
If u=A, 0< k < 71
If ufA k=0 or 37<k<71
k=37, {A); was O's or l's
k=0, initial A}S # Ag4q and
(AL)i was 0's or 1's

w—»v of (F)) execute NI n
times, jump to F,

If j=0, {I0A)— v; j=1,

(I0B) > v

If j=0, v4...vy = (I04)
V3g5.. .v8:0

77 External Write, EWjv If j=0, v,...vog—IO0A;

j=1, {v}—IOB

to HPR; punch HPR,

MC TO MC
EXECUTION TIME
(in microseconds)

No Stop: 18
Stop: 4

2

34

34

Min: 156
Max: 308

Min: 156
Max: 308

Min:
Max:

182
386

Min:
Max:

650
660

Min: 116
Max: 410

Min: 188
Max: 482

482+8 A71

122+2Y

Y=(36-k) mod 72

54+Rp+,
30
28



137
274
549

[« VN U

16
33
67
134

268
536
073
147

294
589
179
359

719
438
877
755

N
=

n O~ G =~
(SN S« Qi N

[

131 072
262 144
524 288

048 576
097 152
194 304
388 608

777 216
554 432
108 864
217 728

435 456
870 912
741 824
483 648

97 296
934 592
869 184
738 368

476 736
953 472
906 944
813 888

NOoOh WO =

p—
—O o®

bt bt ot et
[4) B - IV \&]

ot et et ot
O ~JO

n NN
IS W= O

NN
D

28
29
30
31

32
33
34
35

36
37
38
39

N
=
[\
(%)}

O0.0F-'
- DN O

= O

COoOO0O
OO

L]
[¢
[¢

Ao

*

3388 8888

.

8

OO0 0O COOO QOO
=
o]
SO

SO0
S888 B888 8888 &8

SO OO CSOOO
L]

:

0.000

8
(=}

0,000

0.000
0.000
0.000
0,000

TABLE OF POWERS OF TWO

25
625

219

g ¥

906
953
976

244
122
061
030

015
007
003
001

000

000
000
000
000

000
000
000

000
000
000
000

000

000
000

=
J

25

125
562
281

140
070
035
517

258
629
814
907

933
476
238
119

059
029
014
007
003

001
000

5
25

625
312
156
578

789
394
697
348

674
837
418
209

604
802
901
450

725
862
931
465

2
116
058
029

014
007

003

001

A-5

5 .
25
125

062
331
265
632

316
158
579
289

644
322
161
580

290
645
322
661

830
415
207
103

551
275
637
818

25
625
812

406
203
101
550

775
387
193
596

298
149
574
287

643
321

830

915
957
978
989

5

25

125
562
781

390
695
847
923

461
230
615
307

653
826
913
456

228
614
807
403

625
312
656
828

914
957
478
739

869
934
467
733

366
183
091
545

25
125

062
031
515
257

628
814
407
703

851
425
712
856

5

25
625
812 5

906 25
453 125
226 562 5
613 281 25

806 640 625
903 320 312 5
951 660 156 25

475 830 078 125



FOUR INTERLACE

CODED | NTERLACED
ADDRESS  ADDRESS
x0000 = x0Q00
x0001 = x0004
x0002 = x0010
x0047 = x0234
x2000 = x0001
x2001 = x0005
x2047 = x0235
x4000 = x0002
x4047 = x0§36
x6000 = x0003
x6001 = x0007
x6002 = x0013
x6047 = x0237

MAGNET!|C DRUM RESERVE SPAGE ADDRESSES

Drum addresses which are coded to reference reserve space locations are listed in
the left-hand column. The locations referenced are listed in the right-hand column.
This list of addresses assumes that 160 reserve space locations are available. The
letter x specifies a particular drum group 4,5,6, or 7.

INTERLACE

EIGHT INTERLACE SIXTEEN INTERLAGE THIRTY-TWO I NTERLACE SIXTY-FOUR
CODED INTERLACED CODED INTERLAGED CODED INTERLACED CODED INTERLACED
ADDRESS ADDRESS ADDRESS ADDRESS  ADDRESS ADDRESS ADDRESS ADDRESS
x0000 = x0000 x0000 = x0000 x0000 = x0000 x0000 = x0000
x0001 = x0010 x0001 = »x0020 x0001 = x0040 x0001 = x0100
%0002 = x0020 x0002 = x0040 . . x0002 = x0200

. ) . . . ) %0100 = x0001

x0023 = x0230 x0011 = x0220 x0004 = %0200 x0101 = x0101
x0102 = xD201

x1000 = x0001 x0400 =  x0001 x0200 = x0001

x1001 = x0011 . . . .

. . . . . . etce etc,
x1023 = x0231 x0411 = x0221 x0204 = x0201 '1 1
x2000 = %0002 x1000 = x0002 x0400 = x0002 x3700 = x0037

. . . . . . X3701 = X0137

. . . . . . x3702 = x0237
x2023 = x0232 x1011 =  x0222 x0404 =  x0202

| | | x4000 = x0040
etc, etc. etc. etce etc. etc, x4001 = x0140
x7000 = x0007 x4100 = x0041

. . x7400 =  x0017 x4101 = x0141

. . . . X7600 = X0037
x7023 =  x0237 . . . .

x7411 = x0237 . .
x7604 = x0237 et;; etce
x7700 = x0077
x7701° = x0177



| 0B SELECT BITS AND CODE WORDS

L~V

EQUI PMENT (v) OF EF-v FUNCTION
SELECTED BY EF-V (in octal)
10 00002 00000 ) Start free run
Photoelectric 10 00001 00000 Stop free run
Paper Tape Reader 10 00003 00000 Step
{108 Select bit
= |0533)
40 00000 00000 Start
40 00000 00000 Interrupt
Univac
Card 40 00000 00040 Start free run
Equipment 40 C0000 00020 Stop free run
(10B Select bit
= IOB3 ) 40 00000 00010 Start, pick punch card
5 40 00000 00004 Start, pick read card
40 00000 00002 Start, punch
40 00000 00001 Start, read
Combined code words effect simultaneous
functions, eegee
40 00000 00012 Start, pick punch card,
punch
40 00000 00005 Start, pick read card,
read
Univac
Magnetic
Tape
System
(108 Select bit See separate tables for tape system in section 5,
I . L3
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UNIVAC—The FIRST Name in Electronic Computing Systems
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