MAGNETIC FILE OPERATIONS

The National 304 System, in common with all
large-scale Data Processing systems, uses Magnetic Tape
as its File medium. Information is recorded on Magnetic
Tape in serial form; that is, successive characters are
recorded one after another, with each character being
represented by a row of magnetized spots (called
“bits”) across the width of the tape. Each of these
spots may hold either positive or negative magnetiza-
tion, and the pattern of bits in each row defines the
character recorded in that row.

The tape is divided along its length into 8
Channels, or tracks. Six Channels contain the six bits

which define each character; the 7th Channel contains
the check-bit, or parity-bit, which is recorded with each
character, and which functions as one of the self-
checking features of the Magnetic Tape System; the 8th
Channel contains control information (Record-
Markers).

Throughout the NCR 304 System, information is
regarded as organized into “Words”. A Word is simply
a grouping of 10 alphanumeric characters, and each
successive 10 characters on the tape, therefore, consti-
tute one Word of information.
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REPRESENTATION OF INFORMATION ON MAGNETIC TAPE

However, the major organization of information
on Magnetic Tape is into Records. A Record may con-
tain any number of Words from 10 to 100, and is
bounded on the tape by a Beginning-of-Record Mark
(BRM) and an End-of-Record Mark (ERM).

It is important to recognize that a Record is de-
fined by its physical characteristics and not necessarily

by the information it contains: It is a group of 10 to
100 Words recorded on Magunetic Tape, bounded by a
BRM and an ERM. While one record will most often
contain one File-Item (one Account, for example),
convenience may suggest that several Ttems be included
in a single Record, or that the information pertaining
to one Item be recorded as several Records.
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The Record illustrated on the previous page, con-
sisting of 170 alphanumeric characters, when drawn to
actual scale, would look like this:
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Since, by the very nature of the medium, the speed
of reading and recording Magnetic Tape is lower, by
a substantial factor, than the operating speed of a Data
Processor, it is of the utmost importance that informa-
tion transfer rates to and from Magnetic Tape be as
high as possible. The NCR 304 System has achieved
extremely high Magnetic Tape speeds, but what is even
more significant, it has increased the efficiency of the
recording technique, so that for the first time in any
Data Processing System, the effective speed of informa-
tion transfer is almost identical with the nominal speed.

This efficiency has been accomplished by:
® Reducing the delays inherent in any Magnetic Tape
System (Saving Time).

® Eliminating blank areas in which no information is
recorded on the tape (Saving Space). Any blank area
on the tape must be passed over in order to reach
the information beyond, and therefore, blank spaces
would also represent lost time within the System.

® Full Alphanumeric Recording. Since 6 bits (magnetic
spots) are used to record each character, the stated
information transfer rate in the NCR 304 System
applies to alphanumeric characters, and not merely
to numeric digits. However, digits may be recorded
in condensed form, in which case the effective in-
formation transfer rate is increased by 50%. (See
Item 4 under “Saving Space”.)

SAVING TIME:

Since Magnetic Tape can be read or recorded
reliably only when moving at full speed, there must be
an acceleration delay every time the tape is started.

In the NCR 304 System, not only has this accelera-
tion time been reduced to a very small figure, but the
necessity for frequent stops and starts has been largely
eliminated. Instead of reading or recording only one
Record at a time, a single operation will read or record
up to 99 Records, of either fixed or varying lengths, as
a single continuous flow of information. All the in-
formation read or recorded with a single Magnetic
Tape operation is called a “Gulp” of information.

The use of Index Registers (described in Chapter
II) makes it particularly convenient to handle the
successive Recotrds of a Gulp within the Processor,
without the time-consuming necessity of moving each
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File Record in turn to some standard location in

Memory.

SAVING SPACE:

1) Variable-length Records permit each record to
be only as long as its information content requires it
to be. All blank words within the Record have been
eliminated.

2) “Father-son” expanding file technique com-
pletely transcribes the File as a by-product of every
updating “run”. The principal advantages of this
technique are:

a) Permits new Records to be inserted, or obsolete
Records to be deleted, wherever required, and still
keeps the file “‘closed up tight” at all times.

b) Permits the length of any individual Record to be
expanded or contracted during the transcription, as
the varying information content of the Record may

require.

c) Since “yesterday’s file” is retained unchanged after
the updating run which creates “today’s file”, it is
always available as a rescue point from which “to-
day’s file” can be re-created in case of damage to
the Magnetic Tape.

d) The COPY operation gives simultaneous READ-
WRITE-COMPUTE over inactive Records in the
file, and is particularly effective in file posting
when, typically, a minority of the Records are active
in any one day. COPY is simple to program, and
affords convenient, effective time-sharing while pass-
ing over the inactive Records.

COPY operates as a continuous flow of information
from “father” tape to “son”; both tapes move from
one active Record to the next with no intermediate
stops, and with no supervision by the Processor.
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(SAVING SPACE:)

3) Partial-Word Operation. In order to perform
computation within a Data Processor, it is conven-
tionally necessary to have each information field
(Account Number, Transaction Code, Unit Price, On-
Hand Balance, etc.) isolated in a separate Word since
Processors, in general, can operate only upon complete
Words. However, most information fields require less
than 10 characters, and it would be an intolerable waste
of space on Magnetic Tape to record, for example, a
7-digit Account Number, a 2-digit Code, a 5-digit
Quantity, each as a 10-character Word in the File.
Therefore it is common practice, in using Magnetic
Tape systems, to combine several information fields into
a single Word for recording on Magnetic Tape. Such a
File Record, when ready for recording, might look like
this:
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When a File Record is read into the Processor,
these combined fields must be split apart into separate
Words in order to operate on them; then the fields
must be recombined so that the updated Record may be
recorded back on Magnetic Tape.

In the NCR 304 System, this process of combining
several information fields into a single Word is fully
automatic, with no restriction on the number of fields
within a Word, nor on their placement within a Word.
Since any Partial-Word field may be directly referred
to by any operation, the programmer may use this
combining technique to its fullest extent, yet pay no
penalty in either programming effort, or Processor
operating time for:

L] Fxtracting each information field in order to isolate
it;

® Shifting one or both fields in order to align them
with each other, so the desired operations can be
performed;

® Shifting the result in order to align it with the
desired putaway field;

e Testing the result to be sure it is not too large to fit
into the putaway field (overflow test);

® Inserting the result into the putaway field;
® Tagging the putaway field with the proper algebraic
sign.
The Partial-Word operation of the Processor is
described in detail in Chapter IIL

4) Condensed Recording of Numeric Information.
Although 6 bits are required to record one alpha-
numeric character, 4 bits would be sufficient to record
one numeric digit. Since a large portion of the informa-
tion in business files is purely numeric, the use of 6 bits
for every character would mean that, for this numeric
information, one-third of the recorded bits (and there-
fore onexthird of the Magnetic Tape) would contain
no useful information, and would therefore, in effect,
be blank.

In the NCR 304 System, the programmer is able
to record numeric information in a condensed, or
PACKED, form in which only 4 bits are used for eacn
digit. Three condensed digits, therefore, occupy only
as much Magnetic Tape as two alphanumeric characters,
and can be read or recorded in the same amount of
time as two alphanumeric characters.

A single PACK operation will condense any de-
sired amount of numeric information (with an auto-
matic alarm if alphabetic information is inadvertently
included), and a single UNPACK operation will later
expand the condensed information to its original form,
so that arithmetic operations can be performed on it.

However, when updating a File Record, the pro-
grammer need UNPACK only as much of the Record
as is subject to arithmetic operations. All comparing



(SAVING SPACE:)

and testing operations can be performed on the numeric
data while it remains in condensed form.

5) Binary Operations. While the NCR 304 Pro-
cessor operates in the decimal number system, it also
offers the programmer a set of extremely flexible
binary operations, which permit access to the individual
bits within an information field. The programmer can,
therefore, achieve a high degree of compactness in
recording certain types of coded .information in a
Magnetic Tape File. (See EXTRACT, INSERT, ADD
BINARY, COMPLEMENT BINARY, TEST BIT, in
Chapter 1V.)

Thus, for example, a “State” code (including the
50 States, Puerto Rico, and perhaps the Provinces of
Canada — in fact, up to 64 different “States”) can be
stored as a single character in each customer’s File
Record; or a calendar date (month, day, year) can be
stored in three characters in the File Record. In a pay-
roll file, the presence or absence of each of 30 different
optional pay-deductions can be stored in 30 bit-posi-
tions (5 characters) in each employee’s File Record.

6) No Inter-Record Gaps. The ability to read and
record Magnetic Tape continuously, in Gulps of
Records, would be of relatively little value if there were
still a substantial gap (blank space) after every Record
in the file, to allow for the possibility that azy Record
might be the last one of a Gulp. Conventional record-
ing techniques require a large enough blank space after
each Record, so that the tape may be stopped there, and
still have enough space to come up to full speed again
before reaching the next Record.

In the NCR 304 System, there are no gaps between
records on Magnetic Tape. Therefore, whenever a Gulp
ends, the tape coasts to a stop with the Magnetic Head
within the next Record. Special repositioning circuitry
in the Tape Controller immediately assumes control of
the Tape Handler, backs up the tape until the BRM-
ERM is reached, and then stops the tape again, with
the Magnetic Head now within the last Record of the
Gulp, ready for a “flying start” at the next Record.

The Processor is released from the Magnetic Tape
System as soon as the Gulp itself is finished, and im-
mediately proceeds to process the information, while
the Tape Controller performs the repositioning as a
“time-shared”  operation.  Extensive  self-checking
circuitry guarantees the integrity of the repositioning,
and the operation is completely inter-locked so that the
Processor cannot perform another operation involving
that Controller until repositioning has been completed.
The repositioning takes so little time that, in practice,
the Processor rarely has occasion to wait for it.
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MAGNETIC TAPE INSTRUCTIONS
WRITE TAPE:

The recording of information from Processor
memory onto magnetic tape is performed by the WRITE
TAPE instruction, which writes one or more records as
a single operation. As each record is written on the
tape, it is automatically bounded by a BRM (Beginning-
of-Record-Mark) and an ERM (End-of-Record-Mark);
thus even though a number of records are written by a
single instruction, they remain separate entities, and may
later be searched for or read independently and selec-
tively.

All the records written by a WRITE TAPE in-
struction may be of the same length (“fixed” length),
or they may be of different lengths (“variable” length).

Thus the abilities of WRITE TAPE are:

1) Write 1 to 99 fixed-length records at a Gulp, all
records of the same length, 10 to 100 words.

2) Write 1 to 99 variable-length records at a Gulp, each
record may be of a different length and may be

10 to 100 words long.

READ TAPE:

The reading of information from magnetic tape
into Processor memory is performed by the READ
TAPE instruction, which reads 1 to 99 records at a
Gulp, either fixed-length or variable-length records.

A variation of the READ TAPE instruction will
read only a selected portion of each record, while the
remaining information will not enter the Processor
memory.

Other variations (Index Forward, Index Backward)
will move a magnetic tape forward or backward 1 to
99 records without any of the information entering the
Processor memory.

WRITE-COPY:

When updating a magnetic tape file, the trans-
actions are always sorted into the same account-number
sequence as the records in the file. Therefore, when an
active record has been read into the Processor memory
from the “father” tape, and all transactions affecting
that account have been posted to it, and the updated
record has been written on the “son” tape, the System
must then start reading all the subsequent records on
the “father” tape. These records must be examined one
by one, and each of them must be compared with the
next transaction to see if it is affected by that trans-
action (i.e., if that account is active today). As each
record is found to be inactive, it must be written un-
changed on the “son” tape, and the process is repeated
over and over until the next active account is reached.

Tape-to-tape COPY transcribes the inactive records
in a file from “father” tape to “son” as a single con-



tinuous operation, without reading those records into
the Processor memory. During this transcription, each
record is examined, so that the operation terminates
when it reaches the next active account.

The functions of the WRITE-COPY instruction
are:

1) It WRITES one record from memory. This record
will previously have been read into memory and
updated there; in its changed form it must now be
recorded on the “son” tape. This step is omitted if
the record is to be deleted from the file.
Immediately after that record has been written, the
Processor tells the Magnetic Tape Controller which
record is desired next, and thus initiates the off-line
COPY from “father” to ‘“son”. The Processor is
now free to proceed with any other work which
does not use that Controller, while the Controller
is looking for the next active record and transcribing
all intervening inactive records from “‘father” to
“son”’.

The Controller conducts the COPY independently
of the Processor, moving both tapes continuously, and
transcribing character by character from “father” to
“son” while the two tapes are in motion. As the in-
formation flows through it, the Controller examines
each record to determine if it is the desired one. When
that record is reached, the Controller stops both tapes
and repositions them so that the “father” is ready to
read that record into the Processor memory, and the
“son” is ready to write that record from the Processor
memory after it has been updated. While the COPY is
going on, the Controller reports “busy” so that the
Processor continues with its alternate program until
the COPY is finished.

Any of the first 8 words of each record may be a
“key word” containing Account Number or other
identification, and the Controller will examine any
desired selection of characters within the key word,
ignoring all other characters. Further, the key word
may be divided, with the Controller testing two differ-
ent keys simultaneously. A common use of this feature
considers Account Number (up to 10 digits condensed
into 7 characters) as one key, and “next-action” Date
(day, month, year, century, coded into 3 characters) as
the other. The Account Number is compared with the
next transaction, while the Date is compared with to-
day’s date, so that COPY finds all accounts for which
transactions were received today, and also all accounts
requiring some action (billing, follow-up, expiration,
etc.) today.

Two types of test may be used with COPY:

Equality COPY will terminate when it reaches the
desired record.

Range COPY will terminate when it reaches either
the desired record, or else a record whose key is

2)
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greater than the one desired. The latter case occurs
whenever the desired record is not in the file, which
usually means that a new account has been opened, and
a new record must be inserted in the file.

When the key word is divided, either side of the
key may be tested for Range or for Equality, independ-
ently of the kind of test being performed on the other
side.

SEARCH:

A variation of COPY uses only the “father” tape,
and therefore accomplishes off-line SEARCH of
magnetic tape.

WRITE-COPY-READ: (on-line Copy)

This operation is essentially the same as WRITE-
COPY, together with the subsequent READ, executed
as a single continuous operation. It requires supervision
by the Processor itself, and is used whenever the

‘particular problem does not offer any useful work for

the Processor to do during the COPY. In that case,
terminating the COPY with the desired record in the
memory elminates all delay between the COPY and the
READ.

SEARCH-READ:

A variation of COPY-READ uses only the “father”
tape, and therefore accomplishes on-line SEARCH-
READ of magnetic tape.

REWIND:

The rewinding of any reel of magnetic tape is
initiated by the REWIND instruction. The actual re-
winding is performed entirely by the Magnetic Tape
Handler, so that both the Processor and the Controller
are immediately free to do other work. Any number of
Handlers may be rewinding at the same time without
interfering with the rest of the System.

A variation of the REWIND instruction will place
a USE LOCKOUT on the Handler so that the Processor
cannot use it again until its reel of tape has been
changed.



MAGNETIC TAPE HOUSEKEEPING

The National 304 Magnetic Tape System, together
with the subroutine called STEP (Standard Tape Execu-
tive Program), relieves the programmer of all tape
“housekeeping” problems.

The Magnetic Tape System automatically detects,
and automatically identifies, ALL housekeeping condi-
tions (such as Busy, Use Lockout, Error, End of Tape,
End of File, etc.) and automatically establishes appro-
priate branches in the program. For all routine matters
these branches lead to STEP, which takes care of the
situation and then returns to the main program without
attention from the programmer. Thus, for example,
when a Handler reaches the end of a reel of tape, STEP:

® Rewinds that Handler;

® Types-out Controller and Handler number on

the Console Typewriter;
® If Source Tape, types-out to indicate which reel
of tape must next be mounted on that Handler;

® If Destination Tape, types-out to indicate what
identification should be placed on the outside of
the reel;
® Changes the entire main program to refer to an
alternate Handler for the next reel in that file;

® If Source Tape, checks the first record on the
next reel (containing tape-identification) to be
sure the correct reel has been mounted;

® If Destination Tape, checks the first record on

the next reel to be sure the tape is obsolete and
is safe to write on. Then STEP writes a new first
record on the tape to identify the information
about to be recorded on it;

® Returns to the main program, which proceeds

as though nothing had happened.

STEP corrects errors in recording or reading tape,
and it identifies defective spots on the tape and skips
over them, all without attention from the programmer
or the operator.

STEP also brings in Overlay Programs on demand,
and automatically steps the Processor from program to
program.

Out of all possible housekeeping circumstances, the
programmer must plan for Busy, if he wishes to utilize
the system’s ability to perform other operations simul-
taneously; and he must plan for End of File, because
that means the program is finished and the Processor
must proceed to the next job. Aside from these, he
writes his programs as though all magnetic tapes were
endless, and as though all other housekeeping problems
could never arise, because the Magnetic Tape System
and STEP detect, identify, and correct all those condi-
tions.
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GUARANTEES OF TAPE ACCURACY

In any Electronic Data Processing System the only
way to be assured that the recording on magnetic tape
is as it was intended to be, is to READ the tape and test
its correctness. Further, this reading should be done at
the one time when an error, if it should occur, can be
corrected most easily. That time is immediately after the
information has been recorded, since only then is the
correct information still available in the Processor
memory.

The National 304 System automatically reads, and
checks, the magnetic tape during the recording process.
If a recording error should occur, it will be discovered
immediately, and may be corrected automatically with-
out guesswork, and without operator intervention. This
procedure guarantees, at the time of recording, that all
tapes are recorded without error.

The read-checking of magnetic tape recording is
performed by a reading head located on each Handler,
immediately behind the writing head:
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As the newly recorded information passes under
the reading head, it is read and immediately checked by
the Controller. The self-checking system is extremely
comprehensive, and consists of five basic checks, so
organized that any possible source of error is covered
by at least two independent checking methods:

1. CHARACTER PARITY:

Each character is recorded with a parity bit. This
seventh bit is assigned automatically, and is chosen so
that the seven bits of each recorded character always
contain an odd number of 1-bits.

This check protects against the garbling of in-
dividual bits within the characters of the record.

2. RECORD PARITY:

One extra character is automatically recorded with
each record. The Controller sets up the individual bits of
this character so that there is always an odd number of
1-bits along each of the diagonal arrows shown in the
diagram.

This furnishes independent protection against gar-
bling of bits, and also protects against the omission of
complete characters or the accidental recording of addi-
tional, spurious characters.
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3. CHARACTER COUNT:

Each record must contain an exact multiple of 10
characters, plus the record-parity character.

This is a consequence of always recording complete
words from memory, and furnishes important inde-
pendent protection against dropping or adding char-
acters on the tape.

4. ERM-BRM ALTERNATION:

Whenever a tape is in motion, the record-markers
must always show perfect alternation between ERM and
BRM, to guarantee the boundaries of each record.

Even if exactly the three bits of a record-marker
pair (and no other bits in that channel) should be acci-
dentally changed, checks 2 and 3 each furnish inde-
pendent detection of this condition.

5. TIMING CHECK:

Whenever a tape is started into motion, the
Controller sets a rigid time-limit within which the
Handler must detect the first record-marker. This check
is made at the writing head when writing, and at the
reading head when reading.

When the record-marker is detected within the
time-limit, it is certain that the very next record on the
tape is the one which was written or read.

5a. FIRST-INFORMATION CHECK:

Whenever a Handler is about to read or write the
first record on a reel of tape, the Timing Check is not
appropriate, since it is desirable to leave several feet of
blank tape at the beginning of the reel, and this would
cause the time-limit to be greatly exceeded. Therefore,
when the Handler senses that the tape is positioned on

the leader, the Timing Check is automatically replaced
by the First-Information Check.

When writing at the beginning of a tape, the
writing head erases the first three feet of the tape, and
then writes the first record. The reading head must
then find that a record-marker is the first information
on the tape. Nothing, not even recording so faint that
it is detected only as undecipherable “noise”, may ap-
pear on the tape before the first record-marker.

These five checks are made by the reading head
while the writing process is going on, and they guaran-
tee that all tapes are correctly recorded.

The same five checks are also made during the
reading process, and guarantee that all tapes are cor-
rectly read. During a Copy, these checks are made on
both the “father” and “son” tapes.

The Timing Check, 2rd the ERM-BRM Alternation
Check, are also made on all repositioning operations.

INTERLOCKS

1. WRITE LOCKOUT:

Every Magnetic Tape Handler is normally in a
Write Lockout state, in which the recording circuits are
completely disconnected. In order to engage the writing
circuits, and permit information to be recorded on a reel
of magnetic tape, it is necessary to affix a “write-
permissive” ring to that reel.

In the absence of this ring, it is impossible, whether
through operator error, programmer errof, of equip-
ment malfunction, to write on and thereby destroy a
tape whose information is still useful.



If a ring is accidentally left on a reel after it is
removed from the Handler, there will be no ring avail-
able to place on the next reel; further, the reel will not
fit into its plastic storage-box if the ring is still attached
to 1t.

2. USE LOCKOUT:

When the end of a tape has been reached, and the
rewind has been started, the program may impose a Use
Lockout on that Handler. This prevents any use of that
Handler until the tape has been completely rewound,
and an operator has mounted a new reel.

3. HANDLER DOOR LOCKED:

The door to the Handler cabinet, furnishing access
to the reel of tape, is always locked by an electrically-
operated bolt, except when the Handler is in Use Lock-
out and the tape is not moving. Therefore the operator
is denied access to the tape except when the program
has finished with it. Even during a rewind with Use
Lockout, the door remains locked until the rewind is
completed.

4. MOUNTING OF TAPES:

Unless a reel of tape is correctly mounted, and the
cabinet door properly closed, it is impossible for the
operator to remove the Use Lockout from the Handler.

5. NO TAPE, BROKEN TAPE:

If the Processor attempts to use a Handler which
does not have a tape mounted on it, or if a tape should
break, an immediate error-halt occurs.

6. LONG LOOP, SHORT LOOP:

In the event that either of the tape loops in the
vacuum chambers should grow, or shrink, beyond the
capacity of the servo system to correct the condition,
there would be a danger of breaking or of crumpling
the tape. Special independent circuitry detects this con-
dition before damage occurs; the tape drive is imme-
diately released, the brakes are set on the reels, and the
Handler error-halts.



GENERAL CHARACTERISTICS OF THE PROCESSOR

A fundamental characteristic of any Electronic Data Processor
is its internal information-storage, or "Memory", in which it is able to
store both that part of the data being operated upon at the moment, and
the program for processing that data. The program is a sequential list
of Instructions, each of which (such as ADD, COMPARE, READ MAGNETIC TAPE)

represents a single operation to be executed by the Processor.

The NCR 304 Data Processor is available with a Memory of either
2000 or 4LOOO permanently-numbered storage locations, or "Cells", which
contain stored information. The number assigned to each Cell is the
"Address" of that Cell. In addition to the basic 2000 or 4000 Cells of
Memory, there are, respectively, 400 or 800 "Special" Cells, outside the
Main Memory package, which are all individually addressible by any In-
struction. These "Special® Cells are described, with the limitations and

conventions governing their use, in Appendix "C" to this Chapter.

The contents of each Cell is a "Word" of 10 characters, and the
character-positions within a Word are conventionally numbered from right
to left:

9 8 7 6 5 4L 3 2 10

Information is stored in Memory by means of Magnetic Cores,
which are tiny rings of ferrite material, strung on a lattice of wires,
Each core may be selectively magnetized in either of two states which,
for convenience, are designated "O" and "1", The symbols "O" and "1" are

not numbers. They are merely convenient marks used to distinguish the two

III-1



states of a single Magnetic Core. Any other pair of conventional symbols
would serve as well, for example:

"N® and "S" noMogng Mn M and n‘n "o and /n nem gng nom

However, "O" and "1" are in common use, and we shall use them in this book,

subject to the caution that they must not be thought of as numbers. The
marks "O" and "1", corresponding to the two possible magnetized states of
one core, are called "bits", and therefore a single core may store elther

a "O-bit" or a "l-bit".

Six cores are assigned to each character-position of each Cell
in the Memory, and characters are spoken of as being represented by a
6-bit code. Since each bit has only two "values", the bit-configuration
of a character is called the "binary" (2-way) representation of that
character. There are 64 possible combinations of the "O" and "1" states
of each group of 6 cores, corresponding to the 64 different characters
in the "language" of the Processor. A character may be a numeric digit,

a letter of the alphabet, or one of 28 symbols.

It is convenient, when speaking of the 6-bits which make up a
character, to classify them into "zone bits" and "numeric bits", and to

write them in the following pattern:

Zone numeric
00 0000

III-2



The 6L characters of the Processor language, and their

respective 6-bit binary configurations are:

ZONE
BITS

NUMERIC
VALUE OF
ZONE BITS

NUMERIC BITS

0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

00

01

10

1

W N = O

0o 1 2
- A B
+ J K
* 4 S

- 0O W

cC 28 O

S Q@ m o

5
E
N
v

7 8
G H
P Q
X Y

R
.
.
9 :
.
.

R :
z:

@

'O

%

d

¢
A
£

: SPACE
m

$

&
n e p
«c ) 7/
v w X

Every one of the 64 possible configurations of 6-bits corre-

sponds to a legitimate character in the Processor language. However,

56 of these (called the "Data Characters") are sufficient for all business

data requirements.

The remaining 8 characters, lower-case mn & p

TV WX,

are simply convenient labels for their respective bit-configurations, and

are referred to as "Non-Data Characters".

IiI-3




REPRESENTATION OF INFORMATION

Information stored in Memory may constitute either Instructions or

Data. There is no absolute distinction between the two types of information,
since one of the fundamental properties of an Electronic Data-Processor is

its ability to operate upon its own Instructions, and modify them as theugh

they were Data.

INSTRUCTIONS: The program for processing the Data is stored in Memory as a

list of Instructions, which the Processor executes in sequence. An Instruc-
tion may specify that a certain operation be performed upon Data, or that a
test of some sort be performed. Depending upon the result of the test, the
Processor may continue to execute Instructions in the normal sequence, or
break the sesquence and start a new sequence elsewhere in the program. Break-

ing the normal sequence of Instructions is called "Branching" or "Jumping".

A substantial number of the Instructions in the 204 System serve
both purposes; they may perform an extended series of operations upon Data,

and then test the result as well.

DATA: The basic unit of Data within the Processor is the Field, which occupies

all, or any continuous portion, of a Word. A Field is specified by naming the
address of the Word containing it, and the left-most and right-most character-
positions occupied by the Field within the Word. Thus, suppose that the con-
tents of some Cell in Memory is:

9.8.,7.6,
2 3.9 2

A4 ,3,2,1,0
J § N E S
| - 4

i i

5
1

[] 1

Then: the number 2392 occupies the 96-field of that Cell,
the number 3921 occupies the 85-field of that Cell,
the name JONES occupies the 4O-field of that Cell,
the number 1 occupies the 55-field of that Cell.
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The Data stored in a Field may take one of three forms:

1) ALPHABETIC INFORMATION:

This is sometimes referred to as "alphanumeric" information, and
may consist of any combination of the 6l digits, letters, and symbols, which

make up the Processor language.

2) NUMERIC INFORMATION with algebraic sign:

A Numeric Field consists of digits, representing a number. The
algebraic sign of that number is combined with the left-most digit of the
Field, and is specified by the right-hand zone bit of that digit. If this
"sign-bit" is a O-bit, the algebraic sign of the entire Field is positive; if

the "sign-bit" is a 1l-bit, the algebraic sign of the Field is negative.

Consequently, the left-most character of a Numeric Field always
contains two pieces of information: the sign of the Field (specified by the
sign-bit), and the first digit of the Field (specified by the numeric bits).

In all arithmetic operations, the Processor automatically handles the signs
in the proper manner, and properly stores the sign of the result; the pro-
grammer need never concern himself with the problem of storing algebraic signs,

or even of allocating storage-space for the signs.

Consider the number 942 stored in a 5-character field; it will ap-
pear as 0 0 9 4 2 where the first "O" has the double significance "positive"
(sign-bit) and "zero" (numeric bits). If the same number were stored in a
3-character field, it would appear as 9 L 2 where the "9" has the double
significance "positive" and "9", (Refer to the Language Code Table for the

binary configurations of "O" and "9").

Consider the number -174 stored in a 5-character field; it will
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appear as — 0 1 7 4 where the hyphen "-" has the double significance "negative"
(sign-bit) and "zero" (numeric bits). If the same number were stored in a
3~character field, it would appear as A 7 4 where the "A" has the double sig-
nificance "negative" and "1". (Refer to the Language Code Table for the

binary configurations of "-" and "A".)

Since the combined representation of "positive" and "zero" is the
character "O" (zero), and the combined representation of "negative" and "zero"
is the character "-" (hyphen), all input and output is conveniently performed
in conventional format; that is, positive numbers preceded by no sign (but
note that if "+" is used, it is also interpreted arithmetically as meaning

"positive" and "zero"), and negative numbers preceded by a hyphen.

Appendix "A" to this Chapter discusses the disposition of redundant
zone bits during arithmetic operations, and also shows the results of per-
forming arithmetic operations upon characters whose numeric bits do not cor-

respond to any of the 10 decimal digits.
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ADDRESS-TYPE INFORMATION:

The Cells of Memory are numbered:

000 through 099 ) 3
100 through 199

900 through 999

READ? 2000-Word
THYPHEN ZERO=ZERO" -00 through -99 Memory

"HYPHEN NINETY-NINE" [ AOO through A99

100 through 199 | 4000-Word
Memory

+00 through +00
JOO through J99

ROO through R99

#00 through *99
#00 through #99
SO0 through S99

. . . .

Z00 through Z99 J

In order to perform arithmetic operations on Addresses, a special
kind of addition and subtraction, called MODIFY ADD and MODIFY SUBTRACT, have
been included among the Processor operations; the symbols ® and © are used to

distinguish them from ordinary addition and subtraction.

Subtracting one Memory Address from another gives the number of

Cells separating them, expressed as an "Address-Type Number”. In order for

the progremmer to duplicate the Processor's result of a MODIFY ADD or MODIFY
SUBTRACT. or for him to interpret the Address-Type answer, he may regard any
Address-Type Number as a condensed form of a 4—-digit number from 0000 to

' 3999, in which the left-most two digits have been combined into the zone bits
and the numeric bits of a single alphanumeric character. The zone bits of

this character specify the first digit, according to the column "Numeric
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Value of Zone Bits" in the Language table, and the numeric bits of this
character specify the second digit. Thus, for example, the Address-Type
number G55 may be interpreted as 1755. The zone bits of "G" have the numeric
value "1", and the numeric bits of "G" are the numeric bits of "7". Several

other examples follow:

Address-Type Interpreted
Number As
001 0001
Lo7 2307
899 2699
X21 3721
298 3998

The following rules, then, will enable the programmer to duplicate
the answer which the Processor obtains as the result of a MODIFY ADD or MODIFY
SUBTRACT operation:

1) Interpret the two Address-Type Numbers which are to be added
or subtracted, as 4-digit numbers.

2) Perform the addition or subtraciion.

3) If the result is greater than 3999, subtract 4000 from it.
If the result is negative, add 4000 to it.

L) Translate the result back into an Address-Type Number.

EXAMPLES: 998 ®& Q04 = =02 998—> 0998
THIS RESULT 1S NOT "MinuS 02%; ® QO—Z‘L * 'QQ—OZ"
IT IS "HYPHEN ZERO Two™. 1002

-02€«e———
H50 © 305 = J55 H50— 1850
® 305—— + 0305
2155

J55c—— !
F21 & Ju4 = Xé65 F2l—s 1621
® Jhh—> + 2144
3765

X65€—
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EXAMPLES: (Cont'd)

P39 ® *¥,1 = G80 P39—s> 2739
® #41—> + 3041
5780 (greater than 3999)
- 4000
1780
G80&——
P39 © #1 = W98 P39—s> 2739—> 6739
0 *1—» - 3041—> - 3041
negative 3698
W8 !
B3 O 299 = B&2 B83—> 1283

® Z99— + 3999
5282 (greater than 3999)
- 4000
1282
Bg2 «-——

It will be seen that the operations of MODIFY ADD and MODIFY SUBTRACT
are "cyclic modulo 4000"; that is, the address following 299 is 000, and in
performing arithmetic, the addresses may be regarded as being arranged in a
circle. Any counting process which crosses one "end" of the Memory picks up
without a break at the other "end" as shown in the previous examples. Note
also that there are no negative numbers in the system of Address-Type Numbers;
no algebraic sign is associated with them, and they are always positive
numbers. However, the last example shows the use of "complementary addition",

in which 299 is equivalent to "-1".

Whenever an Instruction specifies the number of Words, or the number
of Items, to be operated upon -- or whenever the Processor itself generates a

tally -- such a number is always an Address-Type Number.

Appendix "C" to this Chapter discusses what happens if an Instruc-

tion refers to some non-existent address, such as L31 in a 2000-Word Memory,
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One of the fundamental principles of programming must be made clear
at this point. The nature of information stored in the Processor Memory is
known only to the programmer; it is in no way inherent in the information

itself. For example, a field might contain U8 QR 6 9 . If this field is

named as containing an operand for an arithmetic Instruction, its contents
will be interpreted by the Processor as the negative number -488969 (see
Appendix "A"), If this field is named as containing an operand for an
Instruction appropriate to Address-Type Numbers, its contents will be in-
terpreted as the pair of Address-Type Numbers U88 R69 (see Appendix "B"),
If the same field is named as containing an operand for one of the general
data-handling operations, its contents will be interpreted as the set of

alphanumeric characters U8QR69.

On the other hand, the Processor might be instructed to find its
next Instruction in the Cell in which that field is stored. In this case,
the field loses its identity, and its characters become part of the
Instruction, to be interpreted according to the specific format of that

Instruction.
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INSTRUCTIONS

Instructions in the NCR 304 System are in 3-address form. An
Instruction (in general) names an operation to be performed, the addresses

of two operands, and the address in which the result is to be stored.

This principle, however, has been very considerably expanded, so
that execution of each Instruction includes most of the attendant "house-
keeping" chores which ordinarily complicate the programmer's task. As a

result, each Instruction is an entire unit operation, corresponding very

closely to an operation as it is naturally conceived by the Systems
Analyst without reference to any Data Processor. The comprehensiveness
of each Instruction, the elimination of almost all housekeeping Instruc-
tions, and the consequent relief from the necessity of storing large
numbers of Constants in a program, combine to make the System extremely

easy to program, and to eliminate many sources of programming errors.
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An Instruction specifies the following factors governing an opera-

tion:

SLAL

e In addition to the actual Operation Code, each Instruction contains
a Variation Designator, since most operations have several possible variations.
For example, a MULTIPLY Instruction may yield either a full-length product, or
a product which has been rounded off to any desired number of digits, depend-

ing on which variation of MULTIPLY is used.

The Variation Designator also governs the Self-Linking facility,

described later in this chapter.

e
W

i An Instruction names not only the addresses of the Cells containing
the operands, but also the respective partial-word fields in thse Cells.
Thus, an Instruction might specify:

Add: Contents of 53-field of Cell 250

Plus: Contents of 31-field of Cell 462
Store: Result in 85-field of Cell 721

The operation will be performed as follows:

9 8 7 6 5 43210

437 Cell 250

+ 934 9 Qg | 6 Cell K62
Cell 721 before operation
1371 Cell 721 after operation

The Processor automatically isolates each of the operands, aligns
them at the right (Right-Justifies them), performs the addition, and inserts
the result into the designated putaway-field without disturbing the contents

of the rest of the putaway Cell.
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e Any of the addresses named in an Instruction may be modified, during
execution of the Instruction, by the contents of an Index Register (Relative

Address Register).

The ten Cells, 000 through 009 have the special property that they
may be used as Index Registers. They are in every respect ordinary Cells in
the Processor Memory, and may be referred to by any Instruction without re-
striction, just as any other Cells; but they have the additional ability to
serve as Index Registers when required, and are conventionally reserved for

this purpose.

Each Instruction designates one of these ten Cells as an Index
Register for that Instruction, and also specifies which of the addresses
named in the Instruction are to be modified. At the programmer's option:
- none of the addresses,
- any one of the addresses,

any two of the addresses,
- all three of the addresses,

may be modified by the contents of the corresponding fields of the designated

Index Register.

When an Instruction is about to be executed, the Processor copies
that Instruction into its "private" working-registers (which are not accessi-

ble to the programmer). The Processor changes this copy of the Instruction,

by MODIFY ADDING the contents of the corresponding field of the Index
Register to each of the designated addresses in the Instruction. Then the

changed copy of the Instruction is executed by the Processor.

An address named in an Instruction, therefore, is not necessarily
the actual address of an operand or of a putaway; it 1s the base of the
address. If that address is relative to an Index Register, then the base
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is augmented by the contents of the corresponding field of the Index Register to

obtain the actual address.

Note that the Instruction itself, stored in Memory, is never changed
by the use of an Index Register. Every time an Instruction is to be executed, a
new copy of the Instruction is set up, modified by the Index Register, and it is

this mwodified copy of the Instruction which the Processor executes.

By making a series of Instructions all relative to the same Index
Register, the programmer avoids the necessity of pre-setting and modifying each
Instruction in the series. Modifying the contents of the Index Register has the

effect of temporarily modifying (at the time of execution) every Instruction which

is relative to 1it.

Some of the situations in which the Index Registers are used to ad-
vancage are:

- magnetic tape file management,
working with multiple file records,
table lockups,

distribution and analysis.

- programming repetitive loops.

L The NCR 304 System has very extensive automatic facilities (discussed
in Chapter V) for selectively monitoring execution of the Instructions in a pro-
gram, as an aid in program-checking. Some of these facilities make use of a

Monitor-level Digit, which is part of each Instruction.

e Many Instructions perform long series of operations, equivalent to com-
plete subroutines, and require that additional factors be specified to define the

total operation.

R The contents of certain character-positions within some Instructions
are irrelevant to the operation. These positions may be used to store a substan-

tial portion of whatever constants are required by the program.
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INSTRUCTION FORMAT

An arithmetic Instruction, such as ADD, may be taken as typical
of the format of the 304 Instructions. This basic format is varied and

expanded to meet the requirements of all the Instructions.

9 81716 51h|3 2Il|o
First Word Op A B C

1 2 1 1 3 I

Second Word VIM|S |R JAL Ar|BL BR|CL CR

Op: Operation code.
M: Automonitor level: O, 1, 2, 3.
S: Selects addresses for modification by Index Register OOR,

In many Instructions, the fields of the first word of the
Instruction contain something other than addresses; never-
theless, the contents of these fields are modified just
like addresses.

The precise significance of S is explained on the next page.

R: Designates Cell OOR as Index Register.

A: Base of address of first operand.

AL, ArR: Locations of left-most and right-most character-positions,
respectively, of the first operand.

B: Base of address of second operand.

BL, Br: Locations of left-most and right-most character-positions,
respectively, of the second operand.

C: Base of address in which the result is to be put away.

CL, Cr: Locations of left-most and right-most character-positions,
respectively, of field allocated to the putaway of the result.

V: Variation designator.
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SELECTIVE MODIFICATION OF FIRST WORD OF INSTRUCTION
BY AN INDEX REGISTER

The three fields of the first word of an Instruction, which
normally contain addresses, are called the syllables of that word. Each
of these syllables is regarded as having an assigned "S-value" in connec-
tion with the digit S in the Instruction format:

The 86-field is the A syllable, with S-value 4
The 53-field is the B syllable, with S-value 2
The 20-field is the C syllable, with S-value 1

When the programmer has determined which syllables of an In-

struction are to be relative to the designated Index Register, he adds

the S-values of those syllables, to obtain the value of S.

S-value
L A syllable modified S-values of syllables
2 B syllable modified ,
1 C__syllable modified L 2 1
Sum Determines combination A L1 L

of syllables modified.

If S = 0, no Index Register is used, and R is irrelevant.

S = 0: No syllables modified
S =1z C syllable modified
S =2 B syllable modified
S = 3: B and C syllables modified
S = L A syllable modified
S = 5: A and C syllables modified
S = 6: A and B syllables modified
S =7 A, B, C syllables modified
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OPERATION OF THE

SEQUENCE-CONTROL REGISTER

The Processor uses the 53-field and the 20-field of Cell ¢00
as the Sequence-Control Register. Cell ¢00 is one of the "Special Cells"

mentioned on page III-1, and described in Appendix "C".
9 87 6 5 L4 3 210

Cell ¢00

The 20-field contains Q, the address of the first word of the
next Instruction to be executed in the Program., In order to execute it,
the Processor copies the Instruction into its working-registers, and at
the same time augments Q by the number of words in the Instruction. For
the moment, then, the new value of Q is the address of the next Instruction

in the normal sequence.

The copy of the Instruction, in the working-registers, is then
appropriately modified by the contents of the designated Index Register,
and the modified copy of the Instruction is executed, If the Instruction
causes a branch in the program, the new value of Q is automatically re-~

placed by the branch address named in the Instruction,

Thus, whether or not the Instruction causes a branch, the
Processor will always find the address of the next Instruction in the

20~field of Cell ¢00,
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SELF-LINKING

If the Variation Designator of an Instruction is negative,
(if the sign-bit of V is a 1-bit), then under certain circumstances P
and Q@ will be interchanged in ¢00, as part of the execution of the

Instruction:

Decision Instruction which does not branch:

No interchange takes place, regardless of the sign of V.

Decision Instruction which branches:

The Processor makes the decision to branch; if V is negative,
P and Q are interchanged; then the branch address named in the Instruc-

—

tion is stored in the 20-field of ¢00 in the usual manner.

In this way Q, the address of what would have been the next

Instruction if there had been no branch, is retained in the 53-field of

¢00, and can serve as a link back to the branch-point at a later time.

Sequential Instruction:

When execution of the Instruction has been completed, and the
result has been stored, then if V is negative, P and Q are interchanged
before selecting the next Instruction for execution, with the result

that the next Instruction is selected from the address initially stored as P.

Thus any sequential Instruction can impose a jump, and store

a return link.
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Since Cell ¢00 is fully addressible, and is accessible without

restriction, the programmer has a great deal of freedom in branching and

linking. Some of the techniques are:

1)

2)

3)

L)

5)

6)

7)

8)

Branch without linking:

Use a decision Instruction, V positive. If a link had pre-
viously been stored as P, it will be undisturbed.

Branch, and link back to the branch-point:

Use a decision Instruction, V negative. The link address will
be preserved as P.

Branch, and link to some other point in the program:

Use any appropriate Instruction to store the address of the
link-point as P. Then, for the branch, use a decision
Instruction, V positive, which will not disturb P.

Return to the link-point:

Make V negative in the last Instruction (which will be a
sequential Instruction) of the branch sequence.

Conditionally return to the link-point:

In the branch sequence, use an appropriate Instruction to pick
up P and store it as the branch address named in the decision
Instruction.

Jump unconditionally without linking:

Use an appropriate Instruction, V positive, to store the jump
address as Q. Any link previously stored as P will be un-
disturbed.

Jump unconditionally and link:

Use an appropriate Instruction, V negative, to store the jump
address as P. Since V is negative, P and Q will be inter-
changed after the putaway, establishing the jump and the link.

Jump unconditionally, and link to some other point:

Use an appropriate Instruction, V positive, to store the
link address and the jump address as P and Q respectively.
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The complete execution cycle of a standard Instruction (except
for automonitoring) is shown in the following flow-chart: The
notation (¢00:20) means "“The contents of the 20-field of Cell ¢00”

START

Copy contents of the cell named in ¢00:20 (first word
of the Instruction) into working-register X.

Augment:  (¢00:20) D1.

Copy contents of the cell now named in ¢00:20 (second
word of the Instruction) into working-register Y{.
Augment:  (¢00:20) D 1. - -

Check for Overflow Condition (See TEST OVERFLOW,

Chapter V).
YES

- OVERFLOW HALT

Modify specified syllables in working-register X by
contents of the designated Index Register.

Execute the modified copy of the Instruction which

is in working-registers X and Y.
(The Instruction may refer to ¢00 without restriction).

What kind of Instruction was it?

SEQUENTIAL DECISION
Does the decision result
NO in a branch?

YES

What is the sign of V? What is the sign of V?
+ pa—

Interchange Interchange
(¢00:53) and (¢00:20) (¢00:53) and (¢00:20)

Store the jump address

in ¢00:20

Z

TO NEXT INSTRUCTION
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SELF -CHECKING OF INFORMATION STORAGE

All storage of information in magnetic cores, and all trans-
mission of information between units of the System, are automatically

checked.

Every word in the Processor Memory is actually stored as 11
characters —- the 10 characters of the word itself, and one additional
check-character assigned by the Processor. Each bit in the check-
character establishes parity along one diagonal of the bits in the word,

as shown in the diagram:

A}
O
0
h |
o
(9]
»
W
N
—
o

[ I O
ft ottt

|
f

When information is to be read from Memory, an entire word
is read into a working register, and the check-character verified. Then
the appropriate field is selected from the word, and at the same time
each character in the field is assigned its own seventh parity-bit.
Information is stored in all operating registers in the form of 7-bit

characters, and parity is checked during every readout.
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When a field is to be stored in Memory, the entire word which
already occupies the putaway cell is read into a working register, its
check-character verified and a 7th parity-bit assigned to each character.
Then the information to be putaway is inserted in the word, a new check-
character is computed, the parity-bits of the individual characters are

dropped, and the revised word is recorded in the putaway cell.

In all transmissions to and from Input and Output Units, every
character is transmitted with its parity-bit, and parity is checked at
both ends of the transmission. In addition, all Input and Output Units

have their own self-checking facilities, described in Chapter VI.

In recording on Magnetic Tape, every character is recorded
with its parity-bit, and in addition every record is assigned a diagonal-
parity check-character. Other automatic checks on Magnetic Tape record-

ing are discussed in Chapter IT,

Any failure of word-parity or character-parity within the
System causes an immediate error-halt, except for Magnetic Tape opera-
tions, where automatic program branches are furnished to permit repeti-

tion of the operation.
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APPENDIX A

ARITHMETIC OPERATIONS ON ALPHABETIC CHARACTERS

1) Treatment of Zone Bits:

In performing any arithmetic operation, the Processor treats
the contents of each field as though all its zone bits (except the sign-bit)
were O-bits. Regardless of the presence of irrelevant zone bits in the
data, the result of an arithmetic operation will have all its zone bits

(except the sign-bit) O-bits. This is illustrated for ADD in Chapter IV.

In performing the operations of MODIFY ADD and MODIFY SUBTRACT,
the Processor treats the first and second characters from the right, in
each field, as though their zone bits were O-bits; it treats the zone
bits of the third character as representing the fourth digit of the
Address-Type Number; and so on for each triad across the field from
right to left. Regardless of the presence of irrelevant zone bits in
the data, the result will have all its zone bits in the first and second,
the fourth and fifth, the seventh and eighth, and the tenth character

positions, O-bits. This is illustrated for MODIFY ADD in Chapter Iv.

2) Treatment of non-decimal configurations of numeric bits:

The results of adding any character to any other character, or
of subtracting any character from any other character, are given in the
tables on the following two pages. In order to use these tables, note
that they refer only to configurations of numeric bits; the Processor

always treats zone bits as described above. The results of these tables
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ADDITION

NO CARRY FROM PREVIOUS DIGIT-POSITION

Digits from the B-field

T2 e eereeneae @ urma
(T ene e weneqg @ wowy
dlereeneareenee @ pom
>}
sl teeneeyxueneae @
MrdeYtTeeneeYTaeen e @
Ol®@ v e xwenaaextwenaaq
R T QTR enN R QT YO @
We® QT AdeTRWeEYRQ T QN
NN® o @ocQe@yxweneacygang
Vo N @0 Qcamyxmwenoayxn
ol A T T B G I N
¥jrwon@oerQodayeen Qaq
PP ¥ ! ON®oQ gAYV 9N w
N ® s w9 Nwooo Qg wen
00123456789@,..,72345
L N+
0123456789@¢m&.a

PI9Y-V 2yi woyy subig

CARRY FROM PREVIOUS DIGIT-POSITION

Digits from the B-field

&

SPACE
c4

¢
c2
3
c4
c5
c6

6
7
c8
¢3
c4

c5
c6
7
8
3

3
c4
c5
c6
7

c0
cl
c2
3
4

c5
c6
7

c2
c3
c4
c5

0

cl
c2
3

0

cl

0

c2

c2

cl

0

c5
c6
7

c4
c5

3
c4
c5

c8
c3
c4
c5
c6

7
c2

c6
7
c8
3

c5
6
7

c4
c5

3
c4
c5
c6
7
c2
3
c4

c2
3
c4
c5
c6
7
c8
c3
c4
c5
6

cl
c2

3

0
cl

6
7
c8

3
c4
c5
c6
7
8
9

c6
7
c8
3
c4
c5
c6
7
c8

2
3
c4
5
]
7

¢l
c2
3
4
c5
c6
7
c2
3

0

c8

6

c8
3
c4
c3
c6
7

4

cl

0
cl
c2
c3
c4

9

7
c8
9
‘@

of

c4

c5
c6
7
c2
3

c2
3
c4
c5
c6
7

0

c@

9
@

7

c5
c6
7
c8
9
@

w

c8

c2
c3
c4
c5
c6

Dvds
o

O

9

of

Nvas
<

@

5

8
c3
4

5
c6
7

Ceo

c8

9

c6

c4

Cy .

Ce

7

5

c8

n 9

N

O

SPACE

PIo-v oY) woyy s4B1g

111-24



SUBTRACTION

NO BORROW BY PREVIOUS DIGIT-POSITION

Digits from the Minvend field
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also apply to the numeric bits in the third, sixth and ninth positions
during MODIFY ADD and MODIFY SUBTRACT; any "carry" or "borrow" out of
these positions will affect the subsequent addition of the zone bits when

they are treated as the leftmost digits of the Address-Type Numbers.

In the tables, "c" means a carry into the next digit position
to the left; "b" means a borrow from the next digit position to the left.
Note that different tables must be used for any digit position, depending
on whether or not that position is affected by a carry from, or borrow by,

the previous position to the right.

EXAMPLES:
ADD: 24& + 3¢¢ "A"= 000000024 &

"B" = 00000003 ¢ ¢

"= 0000000668
SUB: 24& =~ 3¢¢ "A"= 0000000214 & (Minuend)

"B" = 00000003 ¢¢ (Subtrahend)

"Cll

9999999898 initially

Since there is a borrow out of the left end of "C", the result
must be complemented, and then stored as negative. Another
subtraction is automatically performed:

"\"=10000000000 (Minuerd)
"B'"=* 9999999898  (Subtrahend)

"Cc"= 0000000102 finally

The result, therefore, is "minus 102"; this is putaway into a
field of the specified length, and the leftmost character of
that field automatically receives a 1-bit in its sign-bit
position, to indicate that the result is negative.
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In using the tables note that the operation ADD, performed on
two numbers with different algebraic signs, will actually perform a
Subtraction; and the oneration SUBTRACT, performed on two numbers with
dif ferent algebraic signs, will actually verform an Addition. Therefore it
is necessary to choose a table on the basis of the operation actually

performed, rather than on the basis of the Operation Code used.

Thus, in Addition of two numbers with like signs, or Subtraction
of two numbers with unlike signs, use the "Addition" table. In Addition
of two numbers with unlike signs, use the "Subtraction" table, noting that
the negative number is always the Subtrahend. In Subtraction of two
positive numbers, the B-field is the Subtrahend; in Subtraction of two

negative numbers, the A-field is the Subtrahend, in the "Subtraction" table.

When the first word of an Instruction is modified by the contents
of an Index Register, the Instruction is treated as the A-field, and the

Index Register is treated as the B-field.

In performing the Modify Add which is part of COUNT, the contents
of the Index Register being augmented is treated as the B-field, and the

avgmenter is treated as the A-field.
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APPENDIX B

"SPECIAL" CELLS - RESTRICTIONS AND CONVENTIONS

In addition to the 2000 or 4000 words of Main Memory, another
L00 or 800 Cells, respectively, are present in the Processor. These are
called "Special" Cells because they are outside Main Memory, because they
have unconventional éddresses, and because there are certain restrictions
and conventions governing their use. Even though the addresses of these
Cells are unconventional, they are perfectly good addresses, and may be
used by any Instruction, subject only to the limitations described in

this Appendix. The "Special" Cells are:

In 2000-word Memory Additional in 4000-word Memory
@00 through @99 %00 through %99
£00 through ¢£99 £00 through &£99
000 through 099 d00 through d99
A00 through 499 sO0 through s99

The conventions and restrictions imposed upon the use of 21 of
these Cells are shown on the next page. The remaining 379 of the first
LOO "Special" Cells are used by STEP (Standard Tape Executive Program)
which is described briefly in Chapter IV in the section "Magnetic Tapes -
General" and in detail in the ¢#aZ Manual. They are, therefore, not
available to the programmer; but instead, the full Main Memory is at his
disposal without having to sacrifice any space for "housekeeping" and

"executive" programs.

The additional 40O "Special" Cells in a 4000-word Processor are
available to the programmer without restriction, except that they are

sequential only within each group of 200 addresses. £00 is the next Cell

after %99, and sO0 is the next Cell after d99, but there is not (in any
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useful sense) any "next" Cell after £99 or s99. The "Special" Cells
exist in blocks of 200, and no sequential operation may be permitted to
proceed past the "barriers" £99 and s99. Note also that these Cells are
sequential only in the forward direction; they cannot be counted backward
either by MODIFY SUBTRACT or by MODIFY ADD of a complement.

9 8 7‘6.5.4|32'I|0

@oo Used by the Processor to store supplemental information generated by input
and Magnetic Tape operations, and by Multiply, Divide, Summarize

May be used by the Used by the Processor Used by the Processor
Programmer to store for self-linking as Sequence-Control
¢ oo a programmed link Register

¢01 | |
¢02 o

. .
ot
yore Au\°“‘°““
B

i 1 !

1 1 L Used by the |°.\' V\
¢03 on (500 NP
. . X It Mo‘mohon ;
¢ O 5 vroq\"““m“ as
| 4oy the A 1 diate 1 1 ) 1
1o be U*° ¢ interm® on
¢ 06 ory stor09° ¢ inform®
\ L yerpo' O} L vtation o ** , cogro™
s of comP rogra™ ¥ °
¢ O 7 res? 1o be neld fro™ P -“NUOUS run
. . ; L umichis ' W
¢08 - during @ <o
¢ 09 This Cell will always be named as the irrelevant address whenever only
one half of a DISTRIBUT.E ora CO}IABINE is used
) . . TODAY'S DATE
Today's Unit Period N
DOO y's Unit Period Number Month I Day I Year
D ol Current Memory Size as a Memory Size as an
Major Period Number 4-digit Number Address-Type Number

002 |&— Todlrua b‘yz.nj fWﬂ e
003 ST adnond' TP ¥ Sagton s o

C'/T" -t /t 0&%1 /@M— :::red 5;";%& b L At A el

'] eq )

o4 - N -+ 0 *

© + 0
o5 x.x:x:x:x_x x‘x.x.x
006 | ¢ R M | 'olllo
o7 o_ooooo_o‘o:o'_o

_space space V' space

dos space space  space space space space space space space space
D099_876543210
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(005), (007), (DO08) permit the programmer to pick up variable-

length fields of "x's", "zeros", or "spaces" with a minimum of setups.

(006) is used as the first word of a CRM-record. If the rest
of the record is irrelevant, it may be written directly from this address,

as either a Fixed-length or a Variable-length record.

(009) furnishes a convenient standard location from which to

pick up any l-digit constant.

(00L4:30) is used in converting a 4~digit Memory address into

an Address~-Type Number. Assume the address is in Cell XXX:85.

(i;) DIST: (XXX:88) —> the 55-~field and the LL4-field of the
second word of the next Instruction.

(Set up the AL and Ae positions.)

(: SERT: (CDA:L-) by (0OO4:33)—> XXX:77

(XXX:75) now contains the Address-Type Number

THERE SHOULD NEVER BE ANY REASON F(R THE PROGRAMMER TO MAKE A
PUTAWAY INTO ONE OF THE O-CELLS
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OTHER PROGRAMMING CONVENTIONS

Index Register #0 (Cell 000) is reserved for use by STEP (Standard Tape
Executive Program) and by other self=~contained subroutines. While the
programmer is permitted to use Index Register #0 in his own coding, he
must remember to preserve its contents elsewhere in Memory before entering

any subroutine, and before using any Magnetic Tape operation.

Console Option Switches #0 and #1 are reserved for use in connection with

the Label~-checking functions of STEP, which are described in detail in

the cféal Manual.
Handler #0 on Controller #0 is always reserved for the Program-Library Tape-

Index Forward: The Variation Designator must be "K" instead of "2", so

that STEP may discriminate more easily between READ PARTIAL RECORDS and

INDEX FORWARD.
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APPENDIX C

MEMORY LOCKUP OF "IMPROPER" ADDRESS-TYPE NUMBERS

In order to interpret a 3-character field as a Memory address, the

Processor goes through the following steps:

EXAMPLE :

ADD

ADD
ADD

.

1)

2)

3)

L)

5)

The two right-hand characters of the field are interpreted
as though their zone bits were O-bits.

In a Processor with a 2000-word Memory, the left-hand
character of the field is interpreted as though its leftmost
zone bit were a O-bit.

If the numeric bits of either of the two right-hand characters
do not correspond to a decimal digit, the Processor goes into
Error-Halt.

If the numeric bits of the left-hand character do not
correspond to either a decimal digit, or to "@" or "¢",
the Processor goes into Error-Halt.

If the address passes tests (3) and (4), the lookup is
then performed.

(YES:30) + (ANY:42) — £+Q:95
This Instruction is interpreted as:
(Y52:30) + (A58:42) —> £08:95 in 2000~word Memory

(H52:30) + (A58:42) — ¢08:95 in 4000-word Memory

Needless to say, the intentional use of this information in
writing programs is most strongly discouraged, since such
"tricks" serve no useful purpose, and they seriously impair
the intelligibility of a program.

This information is furnished solely as an aid to identifying
programming errors during code-checking.
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CHAPTER IV

OPERATIONAL CHARACTERISTICS OF THE PROCESSOR

The following list illustrates the conventions which have been adopted

in this chapter:

CELL A memory location.

ADDRESS The number assigned to a cell.

WORD The contents of a cell.

FIELD Any set of adjacent characters within a word.

72 FIELD The field which extends from character-position 7
through character-position 2 within a word.

CELL 241 The cell whose address is 24l.

CELL A The cell whose address is designated by A.

241:72 The 72 field of cell 241.

241:33 The 33 field (character-position 3 only) of cell 241,

A:20 The 20 field of cell A.

(241) The contents of cell 241.

(h) The contents of cell A.

(241:72) The contents of 241:72.

(A:20) The contents of A:20.

A-FIELD An Instruction names A as the base of the address
of an operand. This base may be modified by the contents
of an index-register to form the actual address of the
operand. ‘

The Instruction further specifies that the operand
occupies a certain field within its cell,
The specified field in the actual address of the
A-operand is referred to as the A-Field.
A The contents of the A-field.
SYLLAELE It is convenient to refer to the three fields of the

first word of an Instruction, which normally contain
addresses, as the syllables of that word.

The A Syllable is the 86 field.
The B Syllable is the 53 field.
The C Syllable is the 20 field.
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Shaded areas in an Instruction Format indicate character-
positions which are irrelevant to the execution of the
Instruction. The programmer may use these character-
positions for storage of any information he desires.

OVERFLOW ALARM A signal, set within the Processor, to indicate that the
programmer has written certain Instructions improperly,
and an incorrect or meaningless result has been obtained.
When the Overflow Alarm has been set, the Processor will
halt before executing the next Instruction, unless that
next Instruction is the TEST OVERFLOW variation of TEST.

REGISTER An auxiliary cell, not part of the memory proper, used
by the Processor in carrying out its operations.

RIGHT-JUSTIFIED These terms, borrowed from the printing trade, describe
LEFT -JUSTIFIED the placement of information within a field or a regis-
ter so that the right-most or left-most character of
the information occupies the right-most or left-most
character-position of the field or register. This
operation DOES NOT involve dropping non-significant
zeros. As the terms "right-justified" and "left-
justified" are defined here, non-significant zeros are
considered to be part of the _information.
) ———
! Whenever, in this Manual, it is stated that the contents
. of a field are transferred right-justified or left-
| Jjustified to a register, it must be understood that the

register is first '"cleared" by placing zeros in each
-position. . . —— B

Whenever it is stated that the contents of a register

are transferred right-justified or left-justified to a
field, it must be understood that only as many characters
are transferred as the field can contain. The remaining
characters in the register are not transferred.

It must be clearly understood that all registers men-
tioned in this Manual have been "invented" by the authors as aids to clarity
and conciseness in describing operations.

These registers are entirely fictitious, and bear only
coincidental resemblance (if any) to the registers actually present in the

Model 304 Processor.



EXECUTION TIMES OF INTERNAL OPERATIONS

The basic unit of time within the Processor is a Cycle of 60 micro-seconds
(60 ps = 0.000060 seconds). For convenience, this unit is referred to as

1 micro~minute (1 pmin = 0.,000001 minute).

Execution times in this table are expréssed in micro-nminutes. To convert
total micro-minutes into minutes, move the decimal point six places to the left.

B | . Jump -
Operation .ﬁ o0 Additional
by (D | =V [+V =V
1 Add 1001 |2 + 1 if signs differenf} AND result
2 Subtract 101 1 | 2 + 1 if signs alike negative
3 Multiply 171 1 | 2 + Sum of the digits of [B]
‘ + number of significant
| digits of [B]
4 Divide RJ L)1 | 2 + Sum of the Quotient digits
' + 2 per Quotient digit
' 5 Divide LJ 15/ 1 |2 + 2% average to round Quotient
6 Modify Add 10| 1 |2
7 Modify Subtract 10| 1 | 2
8 Extract 101 1 | 2
9 1Insert 0 1 | 2
0O Add Binary 10 1 | 2
A Complement Binary |10| 1 |2
A Test Bit 9 1
B Compare Numeric 921 1 - 1 if signs are different AND
neither number is zero
C Compare Alpha 91 1
D Compare Equality 9| 1 1|1 [+ 1 if [B] greater than [A]
E Count 11( 1 + 1 if [I] greater than T, or if
no jump
F Test 51 1
H Combine 1211 |2
J Distribute nmji1i2 + 1 for sign splitoff variation
K Suppress 150 1 | 2 + 1 for sign splitoff variation
L Edit |1 |2
M Merge See .Instruction Description
N Move 6/ 1 |1 + 2N + (1 per full 100 words)
g Pack 6] 1 1 +13N + (1 per full 100 triples)
P Unpack 611 |1 +13N + (1 per full 100 pairs)
Q Sift, single key - |15| 1 |2 -1+ 4 per item compared with sieve
: ’ ‘ + 2 if AF termination
double key 161 |2 + 5 per item compared with sieve
+ 2 if AF termination
R Summarize 1 1/1 |+ 4N + (number of intermediate
negative results)
BRANCHES WITHOUT EXECUTION:
All Tape Instructions |11
PRINT 7

AUTOMONITOR ¢ Add 12 micro-minutes between termination of the Instruction to be
monitored, and execution of the first Instruction in the Monitoring
Propgram. This time is used for storage of information in Cells
#01 through g04.
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EXECUTION TIMES OF EXTERNAL OPERATIONS

These operations are usually timed separately, and the milli-second (0,001 sec) is

the most convenient unit.

Times in this table are in milli-seconds; and include

execution time of each Instruction, and all acceleration and repositioning times.

To convert total milli-seconds into minutes, divide by 6 and move the decimal

point four places to the left.

Operation Processor Time Processor freed-
per word Controller Busy
3
§ |v 2
B » laug g
fa g2 (8°8 8
[ = O (NI~
WRITE MAGNETIC TAFE | 6% | 3 12 o
READ MAGNETIC TAPE 5 ‘;® 10%
INDEX FORWARD 5 %. 10%
INDEX BACKWARD 1® 3 |50
WRITE-COPY 8 % 15% '} per word copied
COPY or SEARCH 1 243'+ 7 per word copied or searched
WRITE-COPY-READ
Unequal stop 8 ] % %- 15%
Equal stop 5%‘ %, % 1 9%'+ % per word in the
: 7 terminating record
COPY-READ . ]
Unequal stop 10%- 3 % 153
Equal stop 7% } % 9% + % per word in the
terminating record
SEARCH-READ
Unequal stop 10 ! ] 15%
Equal stop 7 z .i 127
REWIND % —= Only Handler remains Busy
PRINT 3.0 PRINTER BUSY
Set to 600 lines/minutes
PUNCH PAPER TAPE 0.5 17 per char, 100 ms + 14 ms per blank line.
TYPE ON CONSOLE 0.5 | 150 per char. Set to 850 lines/minute:
PUNCH ON CONSOLE 0.5 | 100 per char,® 70 ms + 14 ms per blank line.
With proper program timing, numeric
READ PAFER TAFE l§°5 0.56 per char. information may be printed at 750
READ CARDS %héi i&.per card or 1200 lines/minute, respectively.

NOTES:

record=length in the file.

@

If READ terminates because memory-allocation has been exceeded,
increase the time in both columns by

ms per word for average

If previous use of the Handler was completed less than 50 ms ago,

there is 50 ms automatic delay before initiating Index Backward.

®

IV - i
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SPECIFICATIONS on which execution-times of external cperations are based:

MAGNETIC TAPES:

PRINTER:

PAPER TAPE PUNCH:

CONSOLE TYPEWRITER:

PAPER TAPE READER:

PUNCHED CARD READER:

Card Duwmeln

{

i ,-.‘_u, R P e Y
\ 3 Y et }

Acceleration
Deceleration
Data Transfer
Data Recorded
Tape Movement
Rewind Speed
Tape Thickness

Tape Length
Tape Holds more th

Printing Speed

Blank Lines
(Vertieal spacing)

Punching Speed

Typing Speed about
Punching Speed

Reading Speed

Reading Speed

Puv\ f.;\u\ %, 2 ,:&
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L
30,000
200
150
225

1
3,600

an 8%

600
850

4,200

60

6%

10

1,800

1,500

le ©

ns
ms
characters
characters

per second, effective
per inch

inches per second
inches per second

mil (0.001") mylar, laminated
feet per reel
million alphanumeric characters

lines per minute, best quality

( 750 for

numeric information)

lines per minute, good quality

(1200 for

numeric information)

lines per minute regardless of

how many,
are to be

characters

characters

characters

characters

or how few, lines
left blank

per second

per second

per second

per second

eards per minute

i
card /im0



OFF-LINE CONVERSION SPEEDS

PAPER TAPE to MAGNETIC TAPE:

Effective rate (if no "putaways" or "compute codes") . . . 1300 char/second

If there are '"putaways" or "compute codes":
24,7 ms per record on Magnetic Tape *-
0.56 ms per character on Paper Tape

PUNCHED CARDS to MAGNETIC TAPE:

Effective rate . . . 1050 cards/minute

MAGNETIC TAPE to PAPER TAPE:

Effective rate . . . 59.5 characters/second

MAGNETIC TAPE to PUNCHED CARDS:

Effective rate . . . 100 cards/minute

MAGNETIC TAPE to PRINTER (with 320 Multiple-Purpose Converter):

Printer set for 600 lines per minute --

Alphanumeric: 100 ms per printed line
14 ms per blank line
Effective rate . . . 600 lines/minute

Numeric: 80 ms per printed line, and up to 2 blank lines
Effective rate . . . 750 lines/minute

Printer set for 850 lines per minute --

Alphanumeric: 70 ms per printed line
14 ms per blank line
Effective rate . . . 850 lines/minute o
Numeric: 50 ms per printed line, and no blank lines
Effective rate . . .1200 lines/minute

NOTES: () If any printed line is followed by more than the stated number of
blank lines, figure the additional blank lines at 14 ms, and
iizure the following printed lines at alphanumeric speed.

Yomerne tIoing 15 resumed with the first printed line which is
rot preceded by a biank line,
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MAGNETIC TAPE to PRINTER (with 322 Printer Converter):

Printer set for 600 lines ver minute --

Alphanumeric: 115 ms per printed line
14 ms per blank line
Effective rate « « « 525 lines/minute

Numeric: 80 ms per printed line, and up to 1 blank line
Effective rate . « « 750 lines/minute

Printer set for 850 lines per minute --

Alphanumeric: 85 ms per printed line
14 ms per blank line
Effective rate . « « 705 lines/minute

Numeric: 50 ms per printed line, and ne blank lines
Effective rate . « 1200 lines/minute

NOTES (:) If any printed line is followed by more than the stated number
of blank lines, figure the additional blank lines at 14 ms, and
figure the following printed lines at alphanumeric speed.

Numeric timing is resumed with the first printed line which is
not preceded by a blank line.
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The following list gives the Operation Codes, Operation Names, and Standard
Abbreviations for all Operation in the National 304 Data Processor

HMEHoOQWE D oo &= WA R

=

~

O Yo

Add

Subtract

Multiply
Round

Divide Right-Justified

Round
Divide Left-Justified
Meodify Add
Modify Subtract
Extract
Insert
Add Binary
Modulo 64
Complement Binary
Test Bit
Compare Numeric
Compare Alphanumeric
Compare Equality
Count
Test
Overflow
Option Switch
Reader Code
Punch Code
Combine
Distribute
Sign split-off
Suppress
Sign split-off
Edit
Check-protection
Merge
Cutoff
Runout
Move
Pack
Unpack
Sift
Summarize

ADD:
SUB:
MULT:
MULT:R
DRJ:
DRJ:R
DLJ:
MADD:
MSUB:
EXT:
SERT:
BINA:
BINA:M
BINC:
TBIT:
CNe
CA:
CE:
CNT:

TEST: &
TEST:S
TEST:R
TEST:P
ceMB:
DIST:
DIST:S
SUPP:
SUPP:S
EDIT:
EDIT:P

MRGE:C
MRGE:R
MOVE :
PACK ¢
UNPK ¢
SIFT:
SUMM:

S

b TS gs o

* 0NN

Rewind Magnetic Tape
Source Tape
Destination Tape
Use Lockout, Source

Use Lockout, Destination

Read Magnetic Tape
Complete Records
Partial Records
Test Branch Conditions
Index Forward
Index Backward

Write~Copy

Write~Copy-Read

Copy

Covy-Read

Write Magnetic Tape
Fixed-Length Records
Variable~-Length Records
Test Branch Conditions

Print

Type=Punch
Console Typewriter

(variations O thru §)
High-Speed Punch

Fixed Format

Programmed Format

Read Paper Tape

Halt

Read Cards
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WIND:S
WIND:D
LeCK:S
LeCK:D

READ:
READ:P
READ:T
INDX:F
INDX:B
WCe
WC:R
capy:
CEPY:R

WT:F

WT:V

WT:T
PRNT:

TYPE:

PPT:F
PPT:P
RPT:
HALT:
RCD:



TABLE IV-1:

Language Code

- NUMERIC NUMERIC BITS
IONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 OI11 1000 1001 1010 1011 1100 1101 1110 1111
00 6o 1 2 3 4 5 6 T 8 9:@ ¢:seace & =
01 — A B C D E F G H I:0 A:m n e p
10 + J KL M NO® P Q@ R:% £:% ( ) /
11 * # S T U V W X Y Z:d s:u v w X
TABLE 1IV-2: Modification of first word of Instruction by Index Register

S-value

4 A syllable modified S-values of syllables

2 B syllable modified

1 C syllable modified 4 2

I i 1 i Il Il
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3:

Interchange of syllables in ¢00

(¢00) before operation

A%

positive

negative




The respective contents of the A-field and the B-field
are right-justified, and added. The result is stored, right-

justified, in the C-field.

OVERFLOW ALARM: Will be set if the sum exceeds the capacity of

the C-field.
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INSTRUCTION FORMAT: Operation: ADD (ADD)
8 )
? : 7. 5, A, 3.2 (1 0 Operation Code: 1
OP ] A Iy 1 B 1 L] C A N {
ol

V M S R AL lAR BL IBR CL CR »(?ﬂiia H O,w',:l{ Mise IR A h«i B c

DEFINITIONS: ; ADD A i [ ¢
' A\.f’x(? 3»“ <y CP.

Op: operation code.
M: auto-monitor level: O, 1, 2, 3.

S: designates syllables for modification
by index-register COR,

R: designates OOR as index-register.
A: Dbase of address of addend.

AL, Ar: locations of left-most and right-most
digits, respectively, of the addend.

B: Dbase of address of augend.

BL, Br: locations of left-most and right-most
digits, respectively, of the augend.

C: Dbase of address in which sum is to be stored.

Cu, Cr: locations of left-most and right-most digits,
respectively, of field allocated to the sum.

V: wvariation designator;
only the sign of V is relevant,

IV-1-2




DESCRIPTION OF:  ADD

This is a right-justified operation.

[ +« [ —— [T

[A] is transferred, right-justified, to a 10-character-long
working register (Ra). [B] is transferred, right-justified, to another
10-character-long working register (Rb).

In the course of both these transfers, the zone-bits of all
the characters transferred are replaced by O-bits.

With due regard to the algebraic signs of [A] and [B], as
stored in AL and By, the contents of registers Ra and Rb are added, and
the sum is stored in a third working register (Re), 1l characters-long.

The contents of Rc then replace [C] , right-justified. The
correct algebraic sign of the sum is then inserted into the sign-bit

position of character Ci.

OVERFLOW ALARM: Will be set if some character (other than "zero") is

not transferred from Re to [C] .

NOTE: (Re) will equal Negative Zero only if [Al equals Negative Zero

and [Blequals Negative Zero.
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Examples - ADD

Example 1 - Add a positive number to a positive number.

9876543210
125 04,6 214 3.6
olo]Jo]o[5,3[2,0[9,6

sign
9876543210 9876543210
[FFEE], 3 702 Cell 250 —————» Register Ra  [0.0,0.0.0.0.0.4.3.7]

+
Cell 462 | Register Rb [0.000.00.0.9.34] @

(82.67.00.4.2.3,5 Cell A36 before

F.5) Cell A36after  ____ Register Re [0.0.0.0.0.0.0.1.3.7.1] @

Example 2 - Add a positive number to a negative number. Result is a positive number,

9876543210
11345784777
0[0]o]o[8 4]7 2]7.0

sign
9876543210 9876543210
=352 36 E6H Cell 345 ~ Register Ra  [§5°0.0.0°0 _o 3533 @
B8 7 9L 2 0 Cell 78l ~ Register Rb 500 1018‘7,9‘1', 70) @

(67151 86933L.6] Cell 777 before

[E7710.0.6.7.5.8.9.7) Cell 777 after L Register Re [0 000087 58T 7] (::)

V14



Examples - ADD

Example 3 - Add a negative number to a positive number. Sign of negative result
combined with left-most character.

9276543210
11, 5002.6015.0.2
0lolo]o]3.1]9.0]9.0

sign
9876543210 9876543210
LT EEDKD 518 Cell 450 . Register Ra |0.0.000.0.02k5| @

+
lW.VlN.E.5.-.+.7.*}#J Cell 260 —___, Register Rb |6.5.5.5.5.040.7.0Ll](::)

(7 6.8.3.5.0.1.4.4.4] Cell 502 before

[F 555500405, 6] Cell 502 after .. Register Rc [0655.5,5,004,5 6](::>

Example L — Add two negative numbers. Set overflow alarm.

9 8 7 6 5 h 3 210

1550166:616.8.6
olololol3 ol 1l3.0

sign
9876543210 9876543210
(B 800:0[1.9.8.9] Cell 250 ~ Register Ra  [0.0.0.0.0.09.9.8 9] @
) +
T GI.7.6.80 Cell 666 ~ Register Rb l0,0L0.0.0‘O,8,7,BE§]<::)

[h,5,6,9,0,0,2,513,3]Cell 686 vefore

L b B g Q.IB_._'Z 7 'ZI Cell 686 after - Register Rc f0000001.87.7 7] @

Overflow alarm will be set
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TABLE IV-1: Language Code
NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS { 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 101¢ 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 71 8 9:@ ¢:see & =
01 A B C D E F G H I:0 A:m n e p
10 J KL M NO® P Q R:% £:8% () /
1 # S T U V W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified ) 4 2
Sum Determines combination — —

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3:

Interchange of syllables in ¢00

(¢00) before operation

positive

negative




SUBTRACT

The respective contents of the A-field and the
B-field are right-justified, and the difference, Al - B is
generated. The difference is stored, right-justified, in the

C-putaway field.

OVERFLOW ALARM: Will be set if the sum exceeds the capacity

of the C-field.

V2=l



INSTRUCTION FORMAT: Operation: SUBTRACT (SUB)

g8 7 6 2
I PR 5.1‘.3 .llo Operation Code: 2
OP lA ] xB A lC A
vIM|[s|r AL as]BL BefCL C Voo T
Ll R L. R L. R ,Qg,j,g HMioperat v?n;s( ! A T B C
DEFINITIONS:
SuB| | A B C
Op: operation code. 1 *
M: auto-monitor level: O, 1, 2, 3.
S: designates syllables for modification
by index-register OOR,
R: designates OOR as index register.
A: base of address of minuend.
AL, ArR: locations of left-most and right-most
digits, respectively, of the minuend.
B: base of address of subtrahend.
Bt, BR: locations of left-most and right-most
digits, respectively, of the subtrahend.
C: base of address in which difference is to be stored.
Cu, CR: 1locations of left-most and right-most digits,
respectively, of field allocated to the difference.
V: wvariation designator;

only the sign of V is relevant.

IVa2-2



DESCRIPTION OF:  SUBTRACT

This is a right-justified operation.

A - 8] —— [C]

[A] is transferred, right-justified, to a 10-character-long
working register (Ra). [B] is transferred, right-justified, to another
10-character-long working register (Rb).

In the course of both these transfers, the zone-bits of all
the characters transferred are replaced by O-bits.

The algebraic sign of [B] is then considered to be the opposite
of the sign stored in Bt.

With due regard to the sign of [A], as stored in AL, and the
changed sign of [B], the contents of registers Ra and Rb are added, and
the sum is stored in a third working register (Rc), ll-characters long.

The contents of Rc then replace [C], right-justified. The
correct algebraic sign of the result is then inserted into the sign-bit

position of character Cte-

OVERFLOW ALARM: Will be set if some character (other than "zero") is

not transferred from Re to [C].

NOTE: (Re) will equal Negative Zero only if [A] equals Negative Zero

and (B] equals Positive Zero.

v-2-3



Examples - SUBTRACT

Example 1 - Subtract a positive number from a positive number.

987651432
212 L 5150006
olojo]o]6 .37 &

. sign
876543210 9876543210 "

1t 1 1 A A A 2 ¥ — Il 4

EER] Cell 245 e, Register Ra (0.0,0,0,0,0.8.7.4.0]

9

e
Cell 500 S——————————— RegiSter Rb I0.0.0 nono 1015 l5 |7 nol @

(sign changed)

(0. 4.53.3.7.2.2.1 2] Cell 600 before

E3510.0.0.0,3.1.7.0[Z§l Cell 600 after -« Register Rc &0.0.0.0.0.0.3.1.7.ﬂ @

Example 2 - Subtract a negative number from a positive number.

9876543210
2534565165
ovololo's‘alsAéls.é

9876543210 9876543210
A BERR A EEEE Cell 43l ~ Register Ra Tofo:ofofo:0:9j6f§f3T(<E>

+
5] Cell 565 Register Rb 0000000
8 4 A 2 . . L ‘ 2
(sign changed) o e

[.5.73.0.0.0.0.0.2] Cell 656 before

3] Cell 656 after _____ Register Re [0,0,0,0,0,0,0.0.6.5.9] @

V-2~



TABLE 1V-1:

Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 1 8 9:@ ¢-:seace & =~ 7
01 A B C D E F G H I:0 A:m n e p
10 J K L M NO® P Q@ R:% £:8% () /
11 # S T U VW X Y Z:d s:u v w X
TABLE 1V-2:  Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified 4 2
1 1 i I 1 1
Sum Determines combination
of syllables modified.
If S = O, no Index Register is used, and R is irrelevant.

TABLE IV-3:

Interchange of syllables in ¢00

(£00) before operation

positive

negative




MULTIPLY

The respective contents of the A-field and the
B-field are left-justified and multiplied. The C-putaway is
left-justified, and consists of as many digits as the C-field
will accommodate. The next 10 digits of the product (from
left to right) are then put away in cell @00, with the albegraic
sign of the product.

There are two variations of this Instruction:

"Normal variation" in which the Instruction operates

as just described.

"Rounded variation" in which the C-putaway is rounded

at digit position Cr. The next 10 digits are still stored in

@00.

The Instruction has the restriction that the A-field

may not contain more than 9 digits.

OVERFLOW ALARM: Will be set if the A-field contains more than

9 digits. Note also that rounding may cause overflow, and set

the Overflow Alarm,.
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INSTRUCTION FORMAT: Cperation: MULTIPLY (MULT)
9 8 7 6 5 2 1
— ) 4 . 3 2.0 Operation Code: 3
OP lA I IB 2 [l C n
ViM|S |R JAL Ar|BL Br Cu Cr
Ee%‘ruh N [on v;nts: A h Q 2 —
DEF INITIONS: LT , ;;
LT |V Al Bl ¢C
Op: operation code. - ?
AL/;"(" u’-‘:(\ CL 0y
M: auto-monitor level: O, 1, 2, 3. \\
S: designates syllables for modification
by index-register OOR,
R: designates OOR as index register.
A: Dbase of address of multiplicand.
AL, Ar: locations of left-most and right-most digits,
respectively, of multiplicand.
B: base of address of multiplier.
Bt, BR: locations of left-most and right-most digits,
respectively, of multiplier.
C: base of address in which product is to be Next 10 digits — @00:90
stored. with sign of product.
Cu, Cr: locations of left-most and right-most digits,
respectively, of field allocated to the
product.
V: wvariation designator:

\ Specifies Abbreviatioi{
0 Unrounded product MULT
1 Product rounded at Cr. MULT:R

v-3-2



DESCRIPTION OF:  MULTIFLY

This is a left-justified operation.
[A] x [B] —» [C] and into @00:90. Both putaways with sign.

[£)is transferred, left-justified, to a lO-character-long work-
ing register (Ra); [B] is transferred, left-justified, to another
10-character-long working register (Rb). In the course of both these
transfers, the zone-bits of all characters transferred are replaced by
O-bits.

The contents of Ra are then multiplied by the contents of Rb,
and the 20-character-long product is generated in a third working register,
20-characters long (Re). QJote that the product of two 10-digit numbers is
always 20 digits long.

V = 0: The contents of Rc are transferred, left-justified, to [C], for
as many digits as exhaust the capacity of [C]. The next 10 digits, count-
ing from left to right, are then transferred to @00:90. Any additional
non-zero digits of the product are lost.

vV =1 The putaway in this variation is the same as that inV_= 0,
except that the portion of the product transferred to [c] is rounded in
digit-position Cr: that is, if the digit in position 9 of @00 is a "5"
or greater, then [C] is augmented by "1".

If the algebraic signs of the two operands are alike (as indi-
cated by the sign-bits of AL and BL) then the sign of the product is
positive; a O-bit is inserted into the sign-bit position of digit CL, and
into the sign-bit position of the digit in position 9 of @00.

If the algebraic signs of the two operands are unlike, then the
sign of the product is negative; a 1-bit is inserted as the sign-bit of
CL, and as the sign-bit of digit-position 9 of @00.

Decimal Point: The number of digits to the left of the decimal point in
the product is equal to the sum of the number of digits to the
the left of the decimal point in each of the factors. Thus:

2.000000000 (Ra)
x 3.000000000 {Rb)

06.000000000000000000 (Re)

RESTRICTION: [A] may not be more than 9 digits long. Otherwise, the
product will be invalid, and the Overflow Alarm will be set.

OVERFLOW ALARM: Will not be set if some non-zero character is not trans-
ferred from Re to @Q00.

Will be set if the above restriction is violated.

Rounding may cause a carry to be generated oui of Cuj if
so, the Overflow Alarm will be set. The carry will be lost.

v-3-3



Examples - MULTIPLY

Example 1: V=0

[A] and [B] both are positive numbers

315 213.7.915.6.3
olofolof7 312.116.0
(2811462168 3] Cell 142 —3% Register Ra [1,4,62.1.0,0.00,0]

X

H713.513] Cell 379 — Register Rb {3,5,0,0,0,00,0,00]

Register Re [0,5,1,1,7 350000 0.0.0.00.0.0.00]
L J L

)

[7 4,328 6.4.1.0.5|

(B.7.4.9.63284.3]

Cell 563 before Cell @00 before
-
BZ %&b s11 7.3 5] [0.0.0.0.0,0.00.0,0]
Cell 563 after Cell @00 after

IV-3-4
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Examples - MULTIFLY

Example 2: V=1
Sign of [A] is positive
Sign of [B] is negative
Putaway in [C] is rounded at CRr
L2 79131685
1jofofol8 1f7.415.0

9876543210
Bl 2156

Cell 427 —> Register Ra

Cell 913 —> Register Rb

sign
9876543210
[L2156L4L9300]

[7,1,05.0,000.0.0]

©

Register Re

[2,9952188276,50000.000.0

©

[E9.3256. AL 9.8
Cell 685 before

,
%.9.4.2]2,9.9.52,1)
Cell 685 after
multiplication, before
rounding

.....

s

Cell 685 after rounding,
and insertion of sign

IV-3-5

(4,4,0,57.0,209.4,8]

Cell @00 before

"
(8.8.2,7.6,50000

Cell @00 after
multiplication

[H.8.2.7,6.5.0.0.0.0]

Cell @00 after
insertion of sign



Examples - MULTIPLY

Illustration of how rounding can set Overflow Alarm

Example 3: V=l
3109312180
1{olojol5,217.5]0.0

Cell 109 —> Register Ra

Cell 312 —) Register Rb

9876543210

[9.8.00.0,00,0.0.0]

(9.7.6.0,0,0,0,0,0,0|

Register Re [9.5.6,4,8,0,0,0,0,000,0.00,0,0,0.0,0|

N
ot

(H22296547.3]

Cell 180 before

Cell 180 after
multiplication, before
rounding

Flo]

Cell 180 after rounding

W

(L, 3.067420L4,8|

Cell @00 before

64,8000000]

Cell @00 after

The OVERFLOW ALARM will be set

IV-3-6



TABLE IV-1: Language Code
NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 1 8 9:@ ¢:sce & = 7
o1 AB C DEF G H 1:0 aim n e p
10 J K L M NO® P Q R:% £:8% () /
1 # S T U VvV W X Y Z:d s:u v w X
TABLE IV-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified 4 2
Sum Determines combination
of syllables modified.
If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3:

Interchange of syllables in ¢00

(

#00) before operation

v

positive

negative




DIVIDE RIGHT-JUSTIFIED

The respective contents of the A-field and the B-field

are right-justified, the quotient

is generated as though
[A] and [B] were integers, and the quotient is stored, right-
justified, in the C-Field.

In one variation, the remainder is stored, right-
justified, in cell @00, with the algebraic sign of [E].

In the other variation, the quotient is rounded at
the right-most digit position of the C-field, and no putaway
is made to @OO.

The Instruction has the restriction that the A-field

may not contain more than 9 digits.

OVERFLOW ALARM: Will be set if the A-field contains more than

9 digits, or if an attempt is made to divide by zero. Note
also that rounding can cause overflow, and set the Overflow

Alarm,

Will be set if the result exceeds the capacity

of the C-field.

IV-4=1



INSTRUCTION FORMAT: Operation: DIVIDE, RIGHT-JUSTIFIED (DRJ)
? 8. 7. 6 5 lh .3 2 .l .0 Operation Code: ZL

Orp A B C

1 A 1 ] ] )

ViM{S|R ALlAR B. Br CL.CR

1

R 2 trlopex IWithscel

DEF INITIONS: DRY \q

A H
AllB|l ¢
i

Op: operation code. o
M: auto-monitor level: 0, 1, 2, 3.

St designates syllables for modification
by index-register OOR. j

R: designates OOR as index register. |
A: base of address of divisor. ;

AL, Ar: locations of left-most and right-most
digits, respectively, of the divisor.

B: base of address of dividend.

BL, BrR: locations of left-most and right-most
digits, respectively, of the dividend. .

C: base of address in which quotient is f
to be stored. ;

Cu, Cr: locations of left-most and right-most {
digits, respectively, of field ;
allocated to the quotient. ?

NOTE: If quotient is
unrounded, remainder is
stored in @00:90 with

the algebraic sign of [B];
putaway is right-justified.

V: wvariation designator: \;/
\ Specifies Abbreviation
0 Quotient unrounded DRJ
1 Quotient rounded at CRr DRJ:R

Note

5 \ —\._ ’ {w T‘c:if’F
A‘)ﬁv‘“eé deciwe ?{G(es " @L < ;\N. B Cawe Y\G(? %Rw ["}o.hac, ‘@ m

oo @ ANE wo Aeciwal ploces bl

IF JI'I\Q Q\Oove vesuH" s hocxe{xv&h{\qhb*ko Q7U/VQ(0Q( V"Jh‘«éé’y‘
OC (9&5\( S(sv(\Q\Cﬁv* Zeveos 3l\/\ou\c"\ b—& P(GV\‘(‘&
I~ dwe ‘lv\cwc:k {e the yu_;kk\ C,‘(Z Yha Rc ?V*\c»wcw\ o vo«M3
q“‘(‘:, 4l the d\&;\‘s to Ahwe l(’(-“" of Hhe q\ocl\mm‘\ ?C“V\JV

V-4=2
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1 [ BT .

e R bﬁ bl.i.;m,ﬁ» oy, 7 A
DESCRIPTION OF: DIVIDE RIGHT-JUSTIFIED

This is a right-justified operation.

—%E%— —>[C], unrounded, remainder —» @00: 90
or (5] ——[C], rounded.
(A]

[A] is transferred, right-justified, to a lO-character-long
working register (Ra). [B] is transferred, right-justified, to another
10-character-long working register (Rb). In the course of both these
transfers, the zone-bits of all characters transferred are replaced by
O-bits.

The division is performed, generating the same number of digits
of the quotient as the number of digits specified by the size of [(B1.
The quotient appears, right-justified, in a third 10-character-long work-
ing register (Rc), with the remainder being held in Rb.

The contents of Rec then replace [C], right-justified.

V =0: The contents of Rb (the remainder) replace the contents of
@00:90, and the sign-bit of the character in position Bt (i.e.-the sign

of the dividend) is copied into the sign-bit position of character-
position 9 of @00, so that the remainder has the same algebraic sign as [B].

V=1 The division is resumed, to generate one more digit of the
quotient. If that digit is a "5" or greater, then [c] is augmented by "1".
No putaway is made to @00, in this variation.

If the algebraic signs of the two operands are alike, (as in-
dicated by the sign-bits of the digits in positions AL and BL) then the
sign of the quotient is positive; a O-bit is inserted into the sign-bit
position of Cu, If the algebraic signs of the two operands are unlike,
then the sign of the quotient is negative; a 1-bit is inserted as the
sign-bit of Cr.

RESTRICTIONS: 1) An attempt to divide by zero will set the Overflow
Alarm, and no division will take place.

2) [A] may not be more than 9 digits long, Otherwise,
the Overflow Alarm will be set and the quotient will be invalid.

OVERFLOW ALARM: Will be set if restrictions 1 or 2 are violated.

Will be set if some character (other than "zero") is not
transferred from Re to [C].

Rounding may cause a carry to be generated out of CLg;
if so, the Overflow Alarm will be set. The carry will be lost.
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Example - DIVIDE RIGHT-JUSTIFIED

Example 1 - Divide a positive number by a positive number and save the remainder. V=0

9876543210

) 1 1 1 i 1 B
573512 96lL.3.2 %ﬁ- — [
olololol9.,8l9.3172

sign
9876543210
Cell 735 —> .Register Ra iO.O.O.O.OAO.O.O.l L @

Cell 296 —> Register Rb [0,0,0,2,5,7,3,2.0 9] @

Quotient . . _Remainder

Register Rec *AFTER DIVISION: Register Rb

Bialo0.1. 83800 + 0,0,0,0,0,0,0,0,0,9] @
[76L105228| 6.7.3.6,81,2,55 2]
Cell 432 before Cell @00 before
. hd _ N2

fg##01.8.3.8.0.008] 0,0,00,00,0,0079]

Cell 432 after Cell @00 after

IV-L-l



Example - DIVIDE RIGHT-JUSTIFIED

[}
[

Example 2 - Divide a positive number by a negative number and round. V

Putaway to cause overflow.

9876543210
5 3.501.1.112.0.1 B ___
1/o]oo]7,5]8 3|20 ad

sign
9876543210 9876543210
L 3- 2 3185 533 Cell 535 ~ Register Ra [0.0,0.0,0,0,0,02 3] @

B2 13 7L GIEE® Cell 111 | Register Rb [0,0,0.02.1.3.7.4.8] @

[F F sp0.1.4.0.2,5] Cell 201 before

3] Cell 201 after  ____ Register Rc
division, before

rounding.
Overflow Alarm set

Cell 201 after ______ Additional digit of quotient.
rounding, and
insertion of sign.
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Example - DIVIDE RIGHT-JUSTIFIED

Example 3 - Divide a positive number by a positive number and round. V =1
9876543210
L2.50[3.5,0.L5. B . m
1{ofo]ol8 717 .317.3 (]
sign_
9876543210 9876543210
Blo.c Bo 73 za0| cell 250 —7w Register Ra [0.0,0,0,0,0,0,0,2 6] @

Eee] Cell 350 _ . Register Rb [0.0,0.0,0,0,4.6,7.9] @
+

(5584 .3,7.2,04,0] Cell 450 before

Cell 450 after - Register Re [ 6'@'"&10 017 9J @
division, before
rounding.

TIH Cell 450 after . Additional digit of quotient. [9]
rounding.
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Example - DIVIDD RIGHTJUSTIFIED

Example 4 - Divide a negative number by a positive number and round. V =1

Rounding to cause overflow.

9876543210

23 67.38[k29 (3] > @]
1{ofofo[z.0[5,1[4.3 0 -
_ sign
9876543210 9876543210
B B R T s 5] Cell 236 »~ Register Ra io:o:o:o:o :0:0191.hi5i
0 Cell 758 - Register Rb 10 00009425 5] @

(78 9266211 Cell 429 vefore

B 5: ¥ Cell 429 after . Register Re
division, before
rounding.

7] Cell 429 after  __ Additional digit of quotient.
rounding, and
insertion of sign.
Overflow Alarm set.

V47



TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS JONE BITS | 0000 0001 0016 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 71 8 9:@ ¢:semee & - 7
01 A B C D E F G H |1:0 A:m n e p
10 J K LM NOUPQQR:% £:8% () /
1 # S T U vV W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified 4 2 1
i 1 1 1 1 ]
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

v

positive

negative




DIVIDE LEFT-JUSTIFIED

The respective contents of the A-field and the B-field
are left-justified, and the quotient {%%— is generated and stored,
left-justified, in the C-field, and rounded.

The Instruction has the restriction that the left-justi-
fied contents of the A-field, regarded as a 10-digit number, must

be greater in magnitude than the contents of the B-~field, similarly

regarded.

OVERFLOW ALARM: Will be set if the above restriction is violated,

or if an attempt is made to divide by zero. Note also that round-

ing can cause overflow, and set the Overflow Alarm.
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INSTRUCTION FORMAT: Operation: DIVIDE, LEFT-JUSTIFIED (DLJ)

8
7,876 5 43 2.0 Operation Code: §
OP 1 A 4 1 B 1 ] C A
VIM|S|R JAL Ar Bt BRICL CR l .
Rebe lroper Muac [F A 1D 4 <
{
DEFINITIONS: i
P
DLT AllG e
Op: operation code. g
/ ¢ Cy
M: auto-monitor level: 0, 1, 2, 3.
S: designates syllables for modification o
by index-register OOR,
R: designates OOR as index register.
A: base of address of divisor.
AL, AR: locations of left-most and right-most
digits, respectively, of divisor.
B: base of address of dividend.
Bt, BR: locations of left-most and right-most
digtts, respectively, of dividend.
C: base of address in which quotient is
to be stored.
CL, Cr: locations of left-most and right-most
digits, respectively, of field allocated
to the quotient.
V: wvariation designator;
only the sign of V is relevant.
- o S i <+ ) .
Mote : Comvle mumbar -0 plocvs o lebt ou (v ws van™ By
E s I3 T s ! ‘,,"
TG vresolt s m(&“}s{wi, tae ©ha eal e o zeves wotl . ?""“'!qﬁ
inde 4he \}u\‘aumi ovea Ju ",\;‘{G\;"(\~:”‘ Uiy reves o 'i_"::ji’-‘* ol v pon
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DESCRIPTION OF: DIVIDE LEFT-JUSTIFIED

B
This is a left-justified operation. — —— (c], rounded.
N et
[A] is transferred, left-justified, to a 10-character-long
working register (Ra). [BJ is transferred, left-justified, to another
10-character-long working register (Eb). In the course of both these
transfers, the zone-bits of all characters transferred are replaced by
O-bits.

At this point, the 10-digit number in Ra must be greater than
the 10-digit number in Rb. The quotient, therefore, will be generated
as though it were a decimal fraction.

The contents of Ra are then shifted one character-position to
the right, introducing a zero digit at the left, and dropping the right-
most digit. If [A] is 10 digits long, therefore, division is performed
as though the right-most digit were zero.: The result of this shift is
to position the divisor in Ra so that, when the quotient is generated in
a third 10-character—long working register (Rc), the first digit to the
right of the imaginary decimal point will appear in position 9 of Re.

The number of digits of the quotient generated in Rc is the
same as the number of digits allocated for the putaway in Ccl.

The contents of Rc then replace [C], left-justified.

Next, the division is resumed, to generate one more digit of
the quotient. If that digit is a "5" or greater, then [c] is augmented
'by " l?! R :

If the algebraic signs of the two operands are alike (as indi-
cated by the sign-bits of the digits in positions AL and BL) then the
s:ign of the quotient is positive; a 0-bit is inserted into the sign-bit
position of CL. If the algebraic signs of the two operands are unlike,
then the sign of the quotient is negative; a 1-bit is inserted as the
sign-bit of CL.

RESTRICTICNS: 1) [Aa, regarded as a 10-digit left-justified number,
must be greater than [B], similarly regarded. Otherwise, the Overflow
Alarm will be set, and no division will take place.

2) An attempt to divide by zero will set Overflow Alaim,
and no division will take place.

3) If [A]is more than 9 digits long, division will be
performed as though the right-most digit were zero.

OVERFLOW ALARM: Will be set if restrictions 1 or 2 are violated.

Rounding may cause a carry to be generated out of Ci;

-

1f so, the Overflow Alarm will be set. The carry will be lost.
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Example - DIVIDE LEFT-JUSTIFIED

Example 1 - Divide a positive number by a positive number.

9876543210
2L 2L 2288
0010109016 ]

9876543210
(L2354 000,0,5] Cell 242 —————% Register Ra

B33 1068 H0 cell 422 ___ | Register RL

After the shift to position the divisor: Register Ra

Register Rb
9876543210

[(AMCUNT sp2 58] Cell 888 before

DillNT sl 9.7] Cell 888 after &—— Register Re
division, before
rounding.

sign
98765L3210

—i i L

[.23.5.000.0.5|
Compare: (Ra)>(Rb)
[24.0.6.0,0,0,0,0.0] @

[0,4,2.3,54.0,0,0.0] @

[2I11016101010l0l010[ @

(Zb) > (re)
a,

rorErEreem (+)

(MO U NT WL 9.7 Cell 888 after &—— Additional digit of quotient

rounding.

Examnle 2 - Restriction violated, overflow alarm set.

9876543210
5196 212.6.315.2.6
0/0]0]0[9.0[2 1[40

9876543210

9876543210

[1L979,201,625] Celi 962 ———% Register Ra [L.9,7,9,2,0,1,6.2 5] @

Cell 243 ~————— Register Rb

Compare: (Ra)< (Rb)
(5.4.0.0,0.0.0.0.0.0]

Compare: (Ra)<(Rb) the overflow alarm will be

set,

and no division takes

place.

IV 54,



TABLE IV-1: Language Code
NUMERIC NUMERIC BITS
IONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 7 8 9:@ ¢:smce & * 7
01 A B C D E F G H I:0O0 A:m n e p
10 J K LM NO®PQR:% £:8 () /
11 # S T U VW X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified 4 2 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3:  Interchange of syllables in ¢00

¢00) before operation

v

positive

negative




MODIFY ADD

This instruction performs the special kind of addition
required when the quantities to be added are addresses of memory
locations, or address-type tallies. This kind of addition is
described and illustrated in Chapter III.

The respective contents of the A-field and the B-field
are right-justified and added, 3 characters at a time, using
this speéial kind of addition.

The result is stored, right-justified, in the C-putaway

field.

OVERFLOW ALARM: Will not be,set under any circumstances.

Iv-6-1



INSTRUCTION FORMAT:
9 8l 7‘ 6 5 4 3 2 1 0

OP 1 An 1 B| |C A
ViM|S Av Ar| Bu Br Cr Cr
o & INOpIY
DEFINITIONS:
Op: operation code. MAD ; -
'x‘;ﬁg CLCn
M: auto-monitor level: 0, 1, 2, 3.
S: designates syllables for modification
by index-register OCR,
R: designates OOR as index register.
A: base of address of addend.
AL, AR: locations of left-most and right-most
digits, respectively, of the addend.
B: base of address of augend.
Bu, Br: locations of left-most and right-most
digits, respectively, of the augend.
C: base of address in which sum is to be stored.
Cu, CrR: 1locations of left-most and right-most digits,
respectively, of field allocated to the sum.
V: variation designator;

only the sign of V is relevant.

Operation: MODIFY ADD (MADD)

Operation Code:




DESCRIPTION OF: MODIFY ADD

This is a right-justified operation.

(e [B] —— [

[A] is transferred, right-justified, to a 12-character-long
working register (Ra). [B] is transferred, right-justified, to another
;g;character-long working register (Rb).

In the course of both these transfers, the zone-bits of the
right-most two characters in each group of three, are replaced by O-bits.

The contents of registers Ra and Rb yield four sums, each of

which is generated in the indicated field of a third 12-character-long

working register (Rc).

4 3 2 1
(Ra:11,9) (Ra:86) (Ra:53) (Ra:20)
) ) ® ®
(Rb:11,9) (Rb:86) (Rb:53) (Rb:20)
(Re:11,9) (Re:86) (Re:53) (Re:20)

For detailed description of the operation designated by the
symbol &, see discussion in Chapter III. Note that any "carry" which
may result from any of the four sums is ignored, and does not affect the
next sum,

The contents of Rc then replace [C], right-justified.

OVERFLOW ALARM: Will not be set by this Instruction.

W-6-3



Examples - MODIFY ADD

Example 1 -

9276543210
653 3h.00l5 5.8
0[0]ojo{8 313.0]5.0

9876543210
16,2005 O[EHE] Cell 233

Register Ra

Y

Cell 4OO . Register Rb

(0,2 00A 25D L 0] Cell 555 before

E. 0. 0] Cell 555 after . ____ Register Rc

Example 2 -

9876543210
61555[002[002
0[0]0[0]9.0]9.0]9.0

9876543210
[5,0,2,5,0,0,0,0,5,0] Cell 555 —» Register Ra
89902 0.0.+9.0] Cell 002 .. Register Rb

(8.9,9.02.0,0.+.9.0] Cell 002 before
(3.-.1.5.2.0.0J 4.0] Cell 002 after . Register Rec

Overflow Alarm will not be set.

IV-6-4

[0,0,0]0,0,0/6,2,0[D,5,0]

®

0,0,0[0,0,0]/0,0,5]0,5 .0}

[0,0,0]0,00]6.2 5[E.0.0]

[0.0,5]0,2 5[0,0,0]0,5 0]

©

0,0,8[9,9,0[2,0,0[+,9,0]

(0,1,3]-,1,5[2,0,0[0.L 0]




Examples - MODIFY ADD

Example 3 -

9876543210
6l4.5.6/2,500(3,3.0
olololol9.0l9.0{9.0

9876543210
(ZZ 8.4 %+ - MN,P| Cell 456

n bed

Register Ra  [0.,0,9[Z 8 4[*,0,0[M,5,7]

®

Register Rb  [55.2[0.8.8[2.2,7[A,2

Y

Y

0,0 0.0.0.0,0.0] Cell 330 before

|1Q12321v30|0611330after<___Registech 0.1.110 S 2.7lv.8.0
Overflow Alarm will not be set.

Example 4 -

98765h3210

6L 5.010.0.510.0.5
ololoJo]s,1[5.115,1

98765&3210

Y

Register Ra  [570.0]0.,0.0[0,1.2]0,1.2]

~ Register Rb 5755700 .0[0.1.3]0.2.3

[0.0.0.0.A.3,0.B.3.0] Cell 005 before

0 2 5[@3 Cell 005 after ,4____Register Re o0.00looolo.2 0 3
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TABLE IV-1: Language Code
NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 7 8 9:@ ¢:smce & ° 7
01 A B C D E F G H |I:0 A:m n e p
10 J K LM NUO®P Q@R R:% £:8 () /
1 # S T U VW X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified 4 2 1
1 1 1 1 1 1
Sum Determines combination

If S = O, no Index Register is used, and R is irrelevant.

of sylables modified.

TABLE IV-3:

Interchange of syllables in ¢00

(¢00) before operation

\1

positive

negative




MODIF®Y SUBTRACT

This Instruction performs an operation which is the
reverse of the special kind of addition called MODIFY ADD.
This operation is described and jllustrated in Chapter III.

The respective contents of the A-field and the B-field
are right-justified, and the difference (A] e [B] is generated,
3 characters at a time, using this special kind of subtraction.

The result is stored, right-justified, in the
C-putaway field.

If any 3-character field of (A] should represent a
smaller address-type number than the corresponding 3-character
field of [B], then the result of (A] © (B] will be the "4000-

complement” of (B] © [A],

OVERFLOW ALARM: Will not be set under any circumstances.

w-7-1



INSTRUCTION FORMAT: Operation: MCDIFY SUBTRACT (MSUB)

8
9 . 7 .6 3 ,h .3 2 ll 10 Operation Code: .7

OP )A 2 ]B ] 1 C
VIM|S |R |AL AR[BL Br|CL Cr - - : .
—! . * Rk # [P} Dpey IV Mivce! A il &  C it
: - f ||
DEFINITIONS: ‘ ’
M5UY| | A &1 C i |
Op: operation code. i bt
A A AL Ag M by

M: auto-monitor level: O, 1, 2, 3.

S: designates syllables for modification
by index-register OOR,

R: designates OOR as index-register.
A: base of address of minuend.

At, AR: locations of left-most and right-most
characters, respectively, of the minuend.

B: Dbase of address of subtrahend.

BL, BrR: locations of left-most and right-most characters,
respectively, of the subtrahend.

C: base of address in which difference is to be
stored.,

CL, Cr: 1locations of left-most and right-most characters,
respectively, of field allocated to the difference.

V: variation designator;
only the sign of V is relevant.

V-7-2



DESCRIPTION OF:  MODIFY SUBTRACT

This is a right-justified operation.

(A e (B] —» [C].

[A) is transferred, right-justified, to a 12-character-long
working register (Ra). [B] is transferred, right-justified, to another
12-character-long working register (Rb).

In the course of both these transfers, the zone-bits of the
right-most two characters in each group of three, are replaced by O-bits.

The contents of registers Ra and Rb yield four subtractions,
each of which is generated in the indicated field of a third 12-character-

long working register (Re).

L 3 2 1
(Ra:11,9) (Ra:86) (Ra:53) (Ra:20)
o ] e 6
(Rb:11,9) (Rb:86) (Rb:53) (Rb:20)
(Re:11,9) (Re:86) (Rec:53) (Rc:20)

For detailed description of the operation designated by the
symbol 6, see discussion in Chapter III. Note that any "borrow" which
may result from any of the four subtractions is ignored, and does not
affect the next subtraction.

The contents of Rc then replace (c], right-justified.

OVERFLOW ALARM: Will not be set by this Instruction.

W-7-3



Examgle 1 -

9876543210
L6515.7.5182 0
0 OIO!O 8,0[8,0]8,0

9876543210
f{B.2.0.7.5.0,4.2,0] Cell

f671.1.0,0.0,0.1.1.0] Cell

(1.L0,0,053,5F L & Cell

BA107.5.0.-.1.0] Cell

Example 2 -

9876543210

710.0.215,5010,0.2
olololole.ole.0l9.0

9876543210

[0.0.6,0D.L,0F.2.0] Cell

L Z280110KZLo0) Cell

[0,0,0,0.0.0,0.0.0.0] Celd

(9.X.80C.3.0X8.0] Cell

Examples - MODIFY SUBTRACT

465 e, Register Ra

575 Register Rb

—————————

822 before

822 after _____ Register Rc

002 » Register Ra
550 ~ Register Rb
002 before

002 after ____ Register Rc

V-7

0,0,0{B2 0[7.5,0]4,2.0]

{0,0,0[1.1 0J0,0,0[1.1.0]

[0.0,0[A.1 0]7.5.0]-.1.0]

0,010,6 0D

00,1280 1T0H.L 0]

F.2

299X 8 0] 3.0X.8.0]




TABLE IV-1:

Language Code

IONE VALUE OF
BITS ZONE BITS

NUMERIC

0000 0001 0010 0011 0100 0101 0110 0111

NUMERIC BITS

1000 1001 1010 1011 1100 1101 1110 1111

00 0 1 2 3 4 5 6 1 8 9 ¢ ISPACE & ¢
0l — A B C D E F G H 1I:0O A:m n e p
10 + J K LMNU®PQQUR:% £:8%8 () /
1 *x # S T U V W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register

S-value

4 A syllable modified S-values of syllables

2 B syllable modified

1 C syllable modified 4 2 1
Sum Determines combination —

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE IV-3:

\\

Interchange of syllables in ¢00

00) before operation

v

positive

negative




EXTRACT

This Instruction permits the contents of any desig-
nated collection of bit-positions within a cell to be "extracted"
from that cell, so that they may be examined without regard to
the balance of the contents of the cell.

An important use of this Instruction arises when a
number of characteristics of an Item are coded in binary form,
so that the Item may be easily classified according to any set
of categories.

This Instruction will operate equally well upon
numeric information which has been "packed" by the PACK Instruc-

tion.

OVERFLOW ALARM: Will not be set under any circumstances.

v-8-1



INSTRUCTION FORMAT: Operation: EXTRACT (EXT)
9 87 '6 5 4 3210
Oopf A B , C

A 1 L

Operation Code: 8

A

v |M|S|R|AL Ar|BL Br|CL Cr

feb Wo O?Qr v M osedd A 1' ‘ﬁ v C 1
DEFINITIONS: :

EXT A&iC/!

Op: operation code. i

M: auto-monitor level: O, 1, 2, 3.

S: designates syllables for modification
by index-register OOR.

R: designates OOR as index-register.
A: base of address of first operand ("source").
AR: locations of left-most and right-most
characters, respectively, of first
operand.

B: base of address of second operand ("extractor”).

BL, Br: locations of left-most and right-most characters,
respectively, of second operand.

C: base of address in which result is to be stored.

CL., CR: 1locations of left-most and right-most characters,
respectively, of the result.

V: variation designator;
only the sign of V is relevant.

IV-8-2



DESCRIPTION OF:  EXTRACT

This is a right-justified operation.

[A] is transferred, right-justified, to a 1lO-character-long
working register (Ra).

[B] is transferred, right-justified, to a 1O-character-long
working register (Rb).
| A third 10-character-long working register, (Rc), is filled
with zeros.

Each of the sixty bits in Rb is examined: wherever there is
a 1-bit in Rb the corresponding O-bit in Rc is replaced by the corres-
ponding bit, O or 1, in Ra; wherever there is a O-bit in Rb, the cor-
responding O-bit in Rc is unaltered.

The contents of Rc replace [C], right-justified.

It should be observed that the result generated in Rc is the
bit-by-bit "logical product" of the contents of registers Ra and Rb.
This operation is symmetrical, in that the result will be unchanged if

[A] and [B] are interchanééa.

OVERFLOW ALARM: Will not be set by this Instruction.

IV-8-3



Example - EXTRACT

From [A:] Register Ra

%8 J—(000 .10 1010 .0l 0010 .10 000

From [ B] Register Rb

346>—>?OOO, 10 1100 , 0l 0ICO ,00 Ol10O

To [C] Register Re

0.-0/<— (000, 10 1000 , Ol 0000 ,00 0000

IV-8-4




TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
IONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 71 8 9:@ ¢:space & - 7
01 A B C D E F G H I:0 A:m n e p
10 J K LM NO®P Q R:% £:8% () /
1 # S T U VW X Y Z:d s:u v w X
TABLE IV-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified 4 2 1
1 [ 1 1 1 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

v

positive

negative




INSERT

This Instruction permits a set of new values of any
designated collection of bit-positions within a cell to be
"inserted" into that cell, without disturbing the balance of
the contents of the cell.

An important use of this Instruction arises when a
number of characteristics of an Item are coded in binary form,
and one of the characteristics is changed, requiring a change
in the binary coding.

This Instruction will operate equally well upon
numeric information which has been "packed" by the PACK In-

struction.

OVERFLOW ALARM: Will not be set under any circumstances.
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INSTRUCTION FORMAT: Operation: INSERT (SERT)

9 8 6 2
. 7 s 5 . b . 3 ) 1 LO Operation Code: 9
OP ] A A 1 B | lC I
Vi{M|S|R] A Ar{B. Br[CL Cr
) ) ?\eﬂ & H 0(_3{:;,“«, V Hise A i b :(' O ,(4‘
DEF INITIONS: . ¥ 7
SeRT Al ™ iy
Op: operation code. - — :
At B.8Be ¢
M: auto-monitor level: O, 1, 2, 3.
S: designates syllables for modification
by index-register OOR,
R: designates OOR as index-register.
A: base of address of first operand ("source").
AL, AR: locations of left-most and right-most characters,
respectively, of first operand.
B: base of address of second operand ("inserter").
B, BrR: locations of left-most and right-most characters,
respectively, of second operand.
C: base of address of third operand, and result.
CL, CR: locations of left-mosf and right-most characters,
respectively, of third operand and result.
V: wvariation designator;

only the sign of V is relevant.
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DESCRIPTION CF: INSERT

[A], [b], [?] are each transferred, right-justified, to a
10-character-long working register (Ra, Rb, Re, respectively).

Each of the sixty bits in Rb is examined: wherever there is
a 1-bit in Rb, the corresponding bittigﬁﬁc is replaced by the cor-
responding bit, O or 1, in Ra; wherever there is a O-bit in Rb, the
corresponding bit in Rc is unaltered.

The contents of Rc then replace [C], right-justified.

If [C] happens to be zero, then the operation of INSERT is

the same as that of EXTRACT.

OVERFLOW ALARM: Will not be set by this Instruction.

wv-9-3



Example - INSERT

From [A] Register Ra

*¢—>'< 000,00 0000 , Il 0000.,00 1011
From [B] Register Rb

m@.8—>{ 000,01 1100 , 00 1010,10 1100
From [C] Register Rc before insertion
FO50—( 110,10 0110 . 00 0101 .00 0000
To [C] Register Rc after insertion
F,K,5,8‘(——é||0. [0 0010 ., 0O 0101 00 1000

V-9-i,



TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
IONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 010F 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 1 8 9:@ ¢:sacc & = *
01 A B C D E F G H 1:0 aA:m n e p
10 J K LM NO®ZP QR R:% £:8 () /
11 # S T U VW X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value :
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified 4 2 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

M

TABLE 1V-3: Interchange of syllables in £00

(¢00) before operation

v

positive

negative




ADD BINARY

The respective contents of the A-field and the B-field,
right-justified, are treated as two 60-bit binary numbers. Their
binary sum is generated, and stored from right to left in the
C-putaway field.

"Normal" variation: The Instruction operates as just

described. One of the principal uses for this operation will be
to add a binary-coded field to itself, and thus achieve a binary
left shift of one bit-position. In this way, characteristics
which have been recorded in binary-coding, may be successively
tested.

"Mod-6L4" variation: In this variation, binary addi-

tion takes place character by character, with no carry between

characters. In this manner, the individual characters of a
sorting-key may be transformed into pseudo-characters, which
will sort into a sequence different from the normal sequence of
the 304 Language Code. Normal sorting routines may then be used

to achieve any desired sorting sequence.

OVERFLOW ALARM: Will be set if the sum exceeds the capacity of

the C-field.

w-[-1



INSTRUCTION FORMAT: Operation: ADD BINARY (BINA)
9. 876 543210
Or A B C

1 A 1 1 1 A

VIM|S |R |AL AR|BL BrR|CL Cr , -+
' ' ' RS W [M[opeeet V] nsedl (]l A | D % € %%

DEFINITIONS: BINA \/‘i AllD h ¢

Op: operation code. : AAg X
i

Operation Code: []

Cv C(a,

M: auto-monitor level: 0, 1, 2, 3.

S: designates syllables for modification
by index-register OOR,

R: designates OOR as index-register.
A: base of address of addend. 3

AL, ArR: positions of left-most and right-most
characters, respectively, of addend.

B: base of address of augend.

BL, BR: positions of left-most and right-most
characters, respectively, of augend.

C: base of address in which the binary sum
is to be stored.

Ct, Cr: positions of left-most and right-most
characters, respectively, of the field :
allocated for the sum.

V: variation designator:

V | Specifies Abbreviation <
0 | Normal BINA
1 | Mod-6.4 BINA:M
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DESCRIPTION OF:  ADD BINARY

This is a right-justified operation.

[A] is transferred, right-justified, to a lO-character-long
working registef (Ra). [B] is transferred, right-justified, to another
10-character-long working register (Rb).

The contents of registers Ra and Rb are considered as positive

binary numbers, each 60-bits in length.

V=20 The contents of registers Ra and Rb are added binarily, the
60-bit binary sum being generated in a third working register (Re), 11
characters long.

V=1 The binary addition is performed as in V = 0, except that no
carry is generated between character-positions in register Rc. Thus
the transformation of each character is independent of the result of

the transformation of any other character.

The contents of Rec then replace EC], right-justified.

OVERFLOW ALARM: Will be set if some character (other than "zero") is

not transferred from Re to [C].

ADDITION TABLE for Add Binary (Bit-by-bit addition)

4 0 1 miM is the special symbol used to designate
. binary addition.
0 0 1
1 1 c0 ne" indicates carry into the next bit-position.
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/21( ) COUNT in (OOR)

]

Example — ADD BINARY, V = 0, ("Normal")

In processing an industrial payroll, there are 24 possible deductions
from an employee's Gross Pay. In each employee's payroll file, a L4-character
field has been allocated for recording the presence or absence of each of
these deductions; each of the 24 bit-positions in this field corresponds to
one deduction. A l-bit in any position indicates that the corresponding de-
duction is to be made, while a O-bit indicates that the deduction is not to
be made. The 24 bit-positions are assigned to the deductions in their
relative order of frequency, with the most frequently-used deduction assigned
the left-most bit-position.

An employee's payroll file has been read from Magnetic Tape into Memory;
F94:96 contains the deduction code. The following flow-chart indicates the
program to test for the presence of each deduction, and terminate when the
last deduction in an individual file has been detected.

ADD BIN (V=0):
(F94:96) 1 "Zero" —> ¢05:30 Plant binary-coded field in Working Storage.

Clear appropriate syllables of (OOR)
COMP EQUAL: (£05:30) vs "Zero" Finished?

ADD BIN (V=0):
(£05:30) + (£05:30) —> ¢05:30 Shift field left one bit-position.

TEST Overflow (See Note below)

to count in (OOR). Use (OOR)

to modify the Instructions

which examine a table; the

table contains directions for

=24 processing each of the deductions.

%;t) Process deduction corresponding

y

No more deductions
for this employee

NOTE: If the left-most bit of (¢05:30) is a 1-bit, then the operation
of ADD BINARY (shift the field left one bit-position) will
result in Overflow.

-4



Suppose that deductions #0, #2, #3 are to be made from the Gross Pay of a
particular employee.

Then, at the start of the testing loop, (¢05:30) will appear as:

Character-

position 3 2

Deduction Ho |41 | #2 |#3 | #u [#5 [ #6 | #7 ] #8 |#9

Present or (vit-wise representa-
gty 1]o0 1]1|loloffojo]|o % S on) p

The effect of adding a binary field to jtself is to shift the field 1 bit-position
to the left. The left-most bit is lost, and a O-bit appears at the right end.
After the first ADD BINARY, (£05:30) will contain:

(1-bit lost) oli1}l1f(o|o0fOfjojO]oO '02 ?«Zﬁé’f%‘é‘éuiiién #0.

After the second ADD BINARY, (£05:30) will contain:

(0-bit lost) 1|/1|{0o|l0o]|0]O]O]|]O0]O 0? ggi?.vgggw}xzzion #1

After the third ADD BINARY, (£05:30) will contain:

(1-bit lost) |1 |o|o]o]ojojojo]fo oL ﬁgﬁg%gguii‘{gn 40,

After the fourth ADD BINARY, (£05:30) will contain:

(1-bit lost) |0 |O|Ofjojojofo]o]oO o& ggﬁg%gguiz‘;gn #.

But now, as the operation comes around to the beginning of the loop again,
and executes the COMPARE EQUALITY, ($05:30) = 0, and no further testing is

done.

w-[]-5



Example — ADD BINARY, V = 1. ("mod-64")

Required: To sort data according to some key (part number, account
number, &c), using standard Sorting Routines, despite the fact that the
following sorting sequence (which is different from the Processor sort-
ing sequence) is required:

"space", "-", letters, digits.

This requires one Instruction as part of regimenting the input for sorting:
ADD BINARY (V=1): Sorting key & "UUU...U" —> Sorting key.

BEach character of the sorting key is independently transformed into a

pseudo-character in such a way that, when the pseudo-key is sorted, the
items will be arranged in the desired order:

Pseudo-
Character Character

0O —— U
l —m V

.
.

O
oo \ NP0 o0 O o

L\ oo
N e

In the Master File, the items will be stored with their keys in pseudo-
characters; all Searching, Copying and posting will be performed with
pseudo-keys, and it is only necessary to reverss the transformation,
from pseudo-key back to original key, for output printing.

The transformation is reversed by including one additional Instruction
in the Editing Routine: A field of all "spaces" is added to the pseudo-
key, using this variation of ADD BINARY.

More elaborate transformations into pseudo-keys may be performed by

using TEST BIT and COMPLEMENT BINARY, in addition to the "mod-64"
variation of ADD BINARY. These are illustrated under COMPLEMENT BINARY.
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TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
VALUE OF
ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

9 @ g:iSmcE & 7

0 1 2 3 4 5 6 71 8

~ A B CDGETF G H 1:O0Aimnn s p
+ ) KLMNG PR QR% £ 8§ ()
* # S T U V W X Y Z:d s:u v w X

TABLE IV-2: Modification of first word of Instruction by Index Register

S-value
4 A syllable modified S-values of syllables
1 C syllable modified 4 2 1
1 H 1 1 i 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3:  Interchange of syllables in ¢00

(¢00) before operation

v

positive

negative




COMPLEMENT BINARY

The contents of the A-field, right-justified, are
treated as a 60-bit binary field. This field is complemented
by changing all its 1l-bits into O-bits, and all its O-bits
into 1-bits, and is stored from right to left in the C-putaway
field.

If the C-field is longer than the A-field, it will

be filled out to the left with "x's" (code 11 1111).

OVERFLOW ALARM: Will not be set under any circumstances.

w-\-1



INSTRUCTION FORMAT: Operation: COMPLEMENT BINARY (BINC)

9 8A.7 .6 > b 321 0 Operation Code: A (V_=1)
or A

VIM|S[R|AL ARf

h

Rek s [Mopet V]ree IR AT © 0 © |(]Y

DEFINITIONS: . ;
BINC A <
Op: operation code.
A R e G
M: auto-monitor level: o, 1, 2, 3.
S: designates syllables for modification
by index-register OOR.
R: designates OOR as index-register.
A: base of address of field which is to
be complemented.
AL, AR: vpositions of left-most and right-most
characters, respectively, of A-field.
C: base of address in which the complemented
A-field is to be stored.
Cu, Cr: positions of left-most and right-most
characters, respectively, of field
allocated for the complement.
V: variation designators
V =1 specifies COMPLEMENT BINARY.
M v & H ! i ’ }‘){" A

A2



DESCRIPTION OF: COMPLEMENT BINARY

This is a right-justified operation.

[K] is transferred, right-justified, to a lO-character-
long working register (Ra).

The contents of Register Ra is then transferred to
another 10-character-long working register (Re). In the course
of this transfer, all 1-bits are replaced by O-bits, and all
0O-bits are replaced by l-bits.

The contents of Register Rc then replace [C], right-

justified.

OVERFLOW ALARM: Will not be set by this Instruction.

w-A-3



Examples - COMPLEMENT BINARY

Example 1 - Generate a field of all l-bits ("xoooooox") in F34:92, given

that (007:99) =

98765h

3210 98765h3210

[0

] Cell 007 ——» Register Ra  [0.0,0,0,0.0.0,0.0.0]

[7.902.0.L.

2.3 0] Cell F3L before

X x§3 Q’I Cell FB-’-& after _<_Reglster Re IXIX,X.X.X,X.X.X.X.XZI

Example 2 -

The sales records of 5000 salesmen are to be sorted,
so that the salesman with the greatest dollar-amount
of sales shall head the list, and the salesman with
the lowest dollar-amount of sales shall be at the
bottom of the list.

In order to conserve Magnetic Tape storage space for
the file, and also to permit the Sort to proceed most
rapidly, all numeric information in each salesman's
record has been PACKED.

Required, therefore, to transform the sorting key (the
field contalrlng PACKED dollar—amount of sales) so that
normal Sorting Routines will sort the list into reverse
order.

To do this, it is necessary merely to COMPLEMENT BINARY
the packed dollar—amount in each record, then sort.
When the sort has been completed, the dollar—amounts
are re-COMPLEMENTED, and UNPACKED for printing.

V-A-L



Example 3. While the following problem, as such, will not be
encountered often, it probably presents as complex
a sorting transformation as the programmer will ever
be required to perform, and it is therefore given as
an illustrative example.

Required:
Using standard Sorting Routines, sort a collection of street-

addresses alphabetically by name of street. The house-numbers on each
street are to be sorted so that by following the sorted 1ist, a person
will start at the South end of each North-South street, and at the West
end of each East-West street, walk along the odd-numbered side of the
street the full length (or width) of the city to its Northern (or
Eastern) boundary; then cross the street and walk along the even-
numbered side of the street, all the way back to its South (or West) end.

This requires that the house-numbers on any street shall be
sorted in the following sequence:

"lowest" numbers: S or W odd, in reverse sequence
next : N or E odd, in forward sequence
next : N or E even, in reverse sequence

"highest" numbers: S or W even, in forward sequence

Therefore, the sorted list for North-South streets, for example,
will look like this:

Start walking 10999 s Southern boundary of the city
North J\ 10997 S
10995 S
L] . L] s
L] . L] S
38

i z Cross Main Street

3N
L L] * N
Cross the i .. g

street and l;ggg N Northern boundary of the city
walk South 17996 N
L] . L] N
L L] L] N
LN

2 g Cross Main Street

LS
* L * s
L . L) S
10996 S
10998 S

Southern boundary of the city

IV-/\-5



Assune:
Each item has bheen already regimented for sorting:

9876543210

G97
G98
G99
H0O0
HO1
HO2

SeeseeS represents the street name, filled out to the
right with spaces,

nnnnn represents tha 5-digit house-number, filled out
to the left with zeros.

X represents one of the letters N, E, S, or W which
has been stored in an otherwise unused position.

Note that, for the MERGE, (G99:90) is the major key,
and (H00:90) is the minor key. N, E, S, or W is not part of the key.

The codes for the letters representing the four
directions are:

N: 10 0101
E: 01 0101
S: 11 0010
W: 11 0110

TEST BIT Instructions, coded as follows, will cause
a Jump under the conditions shown:

A-{ield B-field Jump if Step if

(HO2:99)— yg——"1" —— N or E SorWw
"w"  — v3 —(HC0:00) Even odd
(H00:00)— vs— "1" —_ odd Tven

There are many ways of performing the desired sorting
transformation by transforming the house-numbers. The most
straight-forward set of transformations is:

S &Wodd :  Zone O, backward: Add "HHHt" | Complement.
N&E odd : Zone 1, forward : Add Meeeeo ",
N & E even:  Zone 2, backward: Add "eeeeo ", Camplement
S & W even: Zone 3, forward : Add ‘Hesuaen

It must be understood that wherever, in this example, the
operation "Add" is mentioned, it is to be understood as ADD BINARY (V =.1),

v/\-6



/—————4>

S&W

The following Constants are required:

Lhé 3 AF 3 4%

9876543210

LL7 W l 1 E

(In actually coding this oroblem, the " and "1"
would be stored in irrelevant character-positions

of the Instructions.

However, for simplicity,

they are shown separately here.)

TEST BIT:
k (HO2:99) vs (LL7:68)

N&E

ADD BIN (V=1):
(HOO:40) L+ (L46:95)
——HO00: 40

TEST BIT:
(L47:99) vs (H00:00)

COMPLEMENT BIN:
(HOO:40) —> HOO:40

COUNT: for next item,

Standard
Sorting Routine

iteverse
the Transformations

&
Ko
2L

ADD BIN (V=1):
(HOO:40) + (L46:4O)
— HOO: 40

TEST BIT:
(H00:00) vs (L47:88)

COMPARE EQUALITY:
(H00:00) vs (H00:00)
~= Unconditional Jump.

The program to reverse the transformations will be
very similar to that shown above.

The entire process of performing the transformations,
and later reversing them, increases the total
sorting time by 10 minutes per 100,000 items.

A



TABLE IV-1: Language Code

NUMERIC NUMERIC BITS

IONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

00 1 2 3 4 5 6 1 8 9:@ ¢:see & = 7
01 A B C D E F G H I:0 A:m n e p
10 J K LM NO®PQR:% £:8% () /
1 # S T U VW X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register

S-value

4 A syllable modified S-values of syllables

2 B syllable modified

1 J syllable modified 4 L2 L1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

semp

\\

| P 1 i Q L
v (¢00) after operation
no branch branch
POSitiVe 1 P | Q 1 ®| 2 ! P: L -]l
negative 1 1:'I Q|®| 2 Qx ®| 2 ) —]l




TEST BIT

This Instruction is used to test for the presence or
absence of any conditions which have been expressed and recorded
in binary coding.

Thus, categories such as payment status of Accounts
Receivable; availability of machines for loading; ability of
machines to perform desired operations; geographic location,
credit status, classification, &c of customers -- may all be

selected singly or in combination with the TEST BIT Instruction.

IV-A-1



INSTRUCTION FORMAT: Operation: TEST BIT (TBIT)

8 6 2
2.8 7, > 4 3 x.0 Operation Code: A
0 )] A 2 1 B 1 LJ A
VIM|S|R
M {Opes [V il R A T ﬁ N T’mgj
DEFINITIONS: (5 g g
- 3|
Op: operation code. TBIT] A § |
A;. ;Q Bbee
M: auto-monitor level: 0, 1, 2, 3,
S: designates syllables for modification
by index-register OOR,
R: designates OOR as index register.
A: base of address of first operand.
AL, ArR: locations of left-most and right-most characters,
respectively, of first operand.
B: base of address of second operand.
BL, Br: locations of left-most and right-most characters,
respectively, of second operand.
J: base of address of next instruction if
tested condition is met.
V: wvariation designator;

only the sign of V is relevant.

IV-A-2



DESCRIPTION Of:  TEST BIT

This is a right-justified operation.
[A] is transferred, right-justified, to a 10-character-long
. working register (Ra); [B] is transferred, right-justified to another
10-character-long working register (Rb).

The respective contents of registers Ra and Rb are compared,

bit-position by bit-position. The comparison may be regarded in either
of two ways, which are logically equivalent:

I- The instruction whose address is designated by J will be

executed next, if the result of the comparison is one of the following:

a) Wherever there is a 1-bit in Rb, there is a 1-bit
in the corresponding bit-position in Ra.

») Rb contains all O-bits.
The next instruction in sequence will be executed next, if for

any 1-bit in Rb there is a 0-bit in the corresponding bit-position of Ra.

II- The instruction whose address is designated by J will be

executed next, if the result of the comparison is one of the following:

a) Wherever there is a O-bit in Ra, there is a 0-bit
in the corresponding bit-psotion in Rb.

b) Ra contains all 1-bits.

Th~ next instruction in sequence will be executed next, if for
any O-bit in Ra there is a 1-bit in the corresponding bit-position of Rb.

That _:l._s_: Jhite= TFs

I - [A] contains all the 1-bits of [B].

‘T - [B] contains all the O-bits of [A].

IV-A-3



TABLE IV-1: Language Code
NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 1 8 9:@ ¢:smee & °
01 A B C D E F G H I:0 A:m n s
10 J K LM NG®PQR:% £:% ()
1 # S T U VW X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 J syllable modified 4 2 1
Sum Determines combination
of syllables modified.
If S = O, no Index Register is used, and R is irrelevant.
TABLE 1V-3: Interchange of syllables in ¢00
(¢00) before operation
1 P 1 ! Ql
v (#00) after operation
no branch branch
positive P Q@ 2 I
negative IPI Qlelz |J|




COMPARE NUMERTIC

This Instruction regards the contents of the A- and
B-fields as numbers, each with algebraic sign.

If the right-justified A-field contains a greater
number than the right-justified B-field, then the next Instruc-
tion to be executed will be selected from a "branch" address
specified in the Instruction; otherwise, the next Instruction
in normal sequence will be executed.

It will be recalled, of course, that any positive
number is greater than any negative number; and that, of two

negative numbers, the one with the greater magnitude is the

smaller number.
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INSTRUCTION FORMAT: Operation: COMPARE NUMERIC (CN)
9 87 6 5 4 3210
or A B J

1 A 1 1 L e

Operation Code: B

VIM|S |R

Rl # [rioec[Vitoe IRI A Jj ® & ¢ AT
DEF INITIONS:
>

Op: operation code. |

At ST

M: auto-monitor level: O, 1, 2, 3.

S: designates syllables for modification
by index-register OOR,

R: designates OOR as index-register.
A: base of address of first operand.

AL, AR: locations of left-most and right-most characters,
respectively of first operand.

B: base of address of second operand.

B., Br: locations of left-most and right-most characters,
respectively, of second operand.

J: base of address of next instruction if [A]>[B],
numerically.

V: wvariation designator;
only the sign of V is relevant.
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DESCRIPTION OF: COMPARE NUMERIC
This is a right-justified operation.

[A] is transferred, right-justified, to a 10-character-long
working register (Ra). [B] is transferred, right-justified to another
10-character-long working register (Rb). In the course of both these
transfers, the zone-bits of all characters transferred are replaced by
O-bits.

The algebraic signs of [A] and [B] (as indicated by the
respective sign-bits of the characters in positions AL and BL) are
examined, and four cases are recognized:

1- If both signs are positive, the contents of registers Ra and
Rb are compared. If (Ra) is a greater number than (Rb), then the next
Instruction to be executed will be selected from the address specified
by J. If (Ra) is less than or equal to (Rb), the next Instruction in
sequence will be executed.

2~ If both signs are negative, the contents of registers Ra and
Rb are compared. If (Ra) is a smaller number than (Rb), then the next
Instruction to be executed will be selected from the address specified
by J. If (Ra) is greater than or equal to (Rb), the next Instruction
in sequence will be executed.

3= If the sign of [A] is positive, and the sign of [B] is negative,
the next Instruction to be executed will be selected from the address
specified by J.

L- If the sign of [A] is negative, and the sign of [B] is positive,
the next Instruction in sequence will be executed.

NOTE: Positive zero will always be a greater number, for the purpose

of this Instruction, than negative zero.
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TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 0 1 2 3 4 5 6 7 8 9:@ ¢:space & = 7
01 — A B €C D E F G H I:0 A:m n e p
10 + J KL M N O® P Q@ R:% £:8%8 () /
1 * # S T U V W X Y Z:d s:u v w X
TABLE IV-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 J syllable modified 4 2 1
1 1 1 1 1 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

) P 1 1 Q L
v (¢00) after operation
no branch branch
positive .P. Ql@IZ lp| | Jl
negative I P i Q 1 @ 1 2 1 Q| ®| 2 L J 1




COMPARE ALPHA-NUMERTIGC

This Instruction regards the contents of the A- and
B-fields as alpha-numeric information.

If the right-justified contents of the A-field follows
the right-justified contents of the B-field, according to the
"sorting sequence" shown in Table IV-1, then the next Instruction
to be executed will be selected from a "branch" address specified
in the Instruction; otherwise, the next Instruction in normal
sequence will be executed.

If positive numbers have been PACKED, the result of

COMPARE ALPHA-NUMERIC will be the same as if the‘infonnation

were in unpacked form.
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INSTRUCTION FORMAT: Operation: COMPARE ALPHA-NUMERIC (CA)
9 8 . 7 6 5 L 3 2 - 0
on A B J

b A 1 ] | 1

Operation Code: C

ViM|S]|R]| AL Arj Bt, Br

R‘?c No{ P O?\’\‘b:\ Hise K A ‘[g B ﬁ C "1’
DEFINITIONS: i o

Op: operation code. CA A é | | \T

M: auto-monitor level: 0O, 1, 2, 3.

S: designates syllables for modification
by index-register OOR.

R: designates OOR as index-register.
A: base of address of first operand.

AL, AR: locations of left-most and right-most characters,
respectively, of first operand.

B: Dbase of address of second operand.

BL, Br: 1locations of left-most and right-most characters,
respectively, of second operand.

J: base of address of next Instruction if [A]
follows [B], in the Processor's sorting sequence.
i.e.~ if [A]>[B], when both are regarded as
positive binary numbers.

V: wvariation designator;
only the sign of V is relevant.

w-C-2



DESCRIPTION OF:  COMPARE ALPHA-NUMERIC

This is a right-justified operation.

[A] is transferred, right-justified, to a 1O-character-long
working register (Ra). [B] is transferred, right-justified, to another
10-character-long working register (Rb).

The contents of registers Ra and Rb are regarded as positive,
60-bit-long binary numbers, and are compared.

If (Ra) is a greater binary number than (Rb), then the next
Instruction to be executed will be selected from the address specified
by J; otherwise, the next Instruction in sequence will be executed next.

Since the "sorting sequence" of the 64 characters which are
significant to the Processor (as shown in Table IV-1) is the same as
the numeric sequence of their binary configurations, the comparison has
the effect of determining whether or not (Ra) follows (Rb) according to
the alpha-numeric sorting sequence of the Probessor°

If the COMPARE ALPHA-NUMERIC Instruction is applied to signed
numeric quantities, a negative number will always follow a positive
number in the sorting sequence.

An important consequence of the correspondence between the
binary sequence and the alpha-numeric sorting sequence, arises in con-
nection with the PACK Instruction (Code ®), applied to positive numeric
information. After this information has been PACKed, the relative
significance of the binary bits comprising that information is unchanged,
and COMPARE ALPHA-NUMERIC will always give precisely the same result as

if the information had not been packed.
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TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 O1l1 1000 1001 1010 1011 1100 1101 1110 1111
00 {1 2 3 4 5 6 1 8 9:@ ¢:isme & ° 7
01 A B C D E F G H 1:0 A:m n e p
10 ] K L M NOPU QTR R:% £:8 () /
11 # S T U V W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified ‘ S-values of syllables
2 B syllable modified
1 J syllable modified 4 2 1
1 1 [ 1 1 1
Sum Determines combination
of syllables modified.
If S = O, no Index Register is used, and R is irrelevant.
[ —
TABLE 1V-3: Interchange of syllables in ¢00
(¢00) before operation
1 Pl | QI
(¢00) after operation
v
no branch branch
positive P Q ® 2 P  J
negative |P| Q|®|2 QI ®|2 |J1




COMPARE EQUALITY

This Instruction right-justifies, and compares, the

contents of the A- and B-fields.

If the contents of both fields are the same, then
the next Instruction to be executed will be selected from a
npranch" address specified in the Instruction; otherwise, the

next Instruction in the normal sequence will be executed.

v-D-1



INSTRUCTION FORMAT: Operation: COMPARE EQUALITY (CE) .
9 8‘ 7 16 5 4L 3 2 |1410
Op A B o d

1 2 1 2 i B

VIM|S|R

Operation Code: D

®
CHEN)

k.le LENLTS

DEFINITIONS: /\

c¢

ReCua[Mopee M e il A6
!

Op: operation code.
M: auto-monitor level: O, 1, 2, 3.

S: designates syllables for modification
by index-register OOR,

R: designates OOR as index register.
A: base of address of first operand.

Ar, ArR: locations of left-most and right-most characters,
respectively, of first operand.

B: base of address of second operand.

BL, Br: locations of left-most and right-most characters,
respectively, of second operand.

J: Dbase of address of next Instruction if
(A1 = [B], in every bit-position.

V: wvariation designator;
only the sign of V is relevant.

W-p-2



DESCRIPTION OF:  COMPARE EQUALITY

This is a right-justified operation.

[A] is transferred, right-justified, to a 10-character-long
working register (Ra). [B] is transferred, right-justified, to another
lO—charaéter—long working register (Rb).

The respective contents of registers Ra and Rb are compared,
bit-position by bit-position.

If the contents of the two registers are identical in each
of the 60-bit positions, then the next Instruction to be executed will
be selected from the address specified by J; otherwise, the next Instruc-

tion in sequence will be executed next.

V-D-3



TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
IONE VALUE OF
BITS Z0NE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

00 1 2 3 4 5 6 71 8 9:@ ¢isomce & =+ 7
01 A B C D E F G H 1:0 A:m n e p
10 J K LM NO®P Q R:% £:8% ()
1 # S T U V W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register

S-value

4 A syllable modified S-values of syllables

2 T syllable modified

1 J syllable modified 4 , 2 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE IV-3:  Interchange of syllables in ¢00

(#00) before operation

(£00) after operation
A%
no branch branch
positive P Q ® 2 ),
negative P Q ® 2 ],




COUNT

This Instruction combines the functions of several
standard Processor operations within a single operation, and
operates on the contents of any one of the 10 memory locations
000 through 009.

The Instruction uses MODIFY ADD to augment a selected
field of one of these 10 cells, using as an augmenter the
right-justified contents of the A-field named in the Instruc-
tion. Then a selected 3-character field of the augmented cell
is compared with a 3-character Tester, which is part of the
Instruction itself. The tested field within the augmented cell
need have no relationship to the augmented field within that
cell.

If the two 3—chafacter fields being compared DO NOT
contain the same address-type number, then the next Instruction
to be executed will be selected from a "branch" address speci-
fied in the Instructicn; if the two 3-character fields DO con-
tain the same address-type number, then the next Instruction in

the rormal sequence will be executed.

OVERFLOW ALARM: Will not be set under any circumstances.

W-E-1



INSTRUCTION FORMAT:

8 6

? .7. 5,1‘.3 2.1.0 Operation Code: E

OP 1 A A 1 T 1 1 J A

V{M|S|R

! B QQQ No ﬁ a'pdn* V H71‘5‘0 A R ‘3 C'
DEFINITIONS: by
1 THJ
Op: operation code. CNT IEI&EIV A
\ A-LA(\
M: auto-monitor level: O, 1, 2, 3, v
wn o 0@ oy rew

S: designates syllables for modification Ir V,*s B, ¢
by index-register OOR.

R: designates OOR as index-register.

A: base of address of quantity by which the designated
field of cell OOI is to be augmented.

AL, AR: locations of left-most and right-most characters,
respectively, of the augmenter.
" I: designates OOI as the cell whose contents are
to be augmented.
~-IR: location of right-most character of the field of
00I which is to be augmented.
T: as modified by (OOR), this is the Tester.
~ITR: location of right-most character of 3-character
tested field of cell OOI.

J: Dbase of address of next Instruction if T, as modified
by (OOR), and the tested field of 00I DO NOT contain
the same address-type number.

V: wvariation designator;

Operation: COUNT (CNT)

only the sign of V is relevant.

V-E-2




DESCRIPTION OF:  COUNT

This is a right-justified operation, consisting of two
separate steps:

1) MODIFY ADD: (0OI:ItIR) (® [A] —»OOI:ILIr. IL is not
specified by the programmer, since the Processor always adds to the
9-Ir field of (OCE).

2) COMPARE: (0O0I:ITtITR) ws T. It is not specified by the
programmer, since the Processor always makes Ito= Im+ 2, and compares
a 3-character field of (00I).

[A] is transferred, right-justified, to a l2-character-long
working register (Ra).

(00I), from position 9 through position Ir, i.e. - [00I], is
transferred, right-justified, to another 12-character-long working
register (Rb).

In the course of both these transfers, the zone-bits of the
right-most two characters in each group of three are replaced by O-bits.

The contents of registers Ra and Rb are then added, using the
special kind of addition described under MODIFY ADD, and the result is
stored in a third 12-character—long working register (Rc).

The contents of Rc then replace [00I], right-justified. Sfav‘,'.m af Iﬂ
with infevmalion in 001 o viakt a¢ TR rewaimiag Ynckavaed.
Next, (00I), from position 9 through position:§ra, is trans-
ferred, right-justified, to a 3-character-long working register (Rd).
The contents of the 3-character field in the first word of the Instruc-
tion (the field called T) are modified (if appropriate) by (OOR), and
transferred, right-justified, to another 3-character-long working
register (Re). In the course of both these transfers, the zone-bits of
the right-most two characters are replaced by O-bits.

If, at this point, the contents of Rd and Re are identical,
the next Instruction in the normal sequence will be executed next. If
the contents of Rd and Re are not identical, the Instruction whose ad-
dress is designated by J will be executed next.

OVERFLOW ALARM: Will not be set by this Instruction.

V-E-3



700
701
702
703
704
705
706
707
708
709
710
711
712
713
T4
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729

Examples- COUNT

Example 1 - Dotble the quantity stored in field 86 of the 2nd word

of each of ten 3-word items. Store the results in field

63 of each of 10 words,

THREE-WORD ITEMS

9876543210

INSTRUCT IONS
273 [2]0 0 2]0 0 2]0 0 2
274, [0[0[0J0[9 O]9 0[9 O
275 M[7 0 1]7 0 1]2 0 1
276 [O[O[7]2[ 8 618 616 3
277 [E[250010]2.7 5
278 [0]0]0]0 6 OFZI00 ]2

Clear location 002,

Perform the addition.
Select the operands relative to 002.

Augment (002) and test for end.

250 [8E7% 3]0 0 3]0 0 1| Augmenter

RESULTS OF ADDITIONS

201
202
203
204
205
206
207
208
209
210

9876543210

o
N
&~
x

EFEEEEE M

o po|m o felmlelo
Hjolnv oo lo]wln
|&|olv]|mlok-|lodnlo

IV-E-4



Example 2 - Same as Example 1, except:

Perform the additions, starting at the bottom of the list
of items. Store the sums, starting at the top of the

1ist of results. Use a different method of clearing (002).

INSTRUCTIONS
273 [1]2 74[2 74]0 0 2] Clear location 002.
271, |ojoJofoi8 8]8 8{9 O
275 [1][7 2 8]7 2 8]2 01 Perform the addition.
276 [{olo[7]2]8 68 616 Select the cperands relative to 002.
277 [E]250]Z7 0427 5] Augment (002) and test for end.
278 [0]o]JoJo|8 0f&0]6]2 |

—_

250 [851Z2 9 712 9 7]0 0 1] Augmenter

RESULTS OF ADDITIONS
9876543210

201 021 4]
202 0900}
203 0922
20l 080 8|
205 0000
206 010L!
207 1116
208 1432
209 0020
210 0248

It should be observed that (002) 1is being COUNTED "backward" in

the A and B syllables, and "forward" in the C syllable.

IV-E-5



TABLE 1IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 0 1 2 3 4 5 6 1 8 9:@ ¢:space & = 7
01 — A B C D E F G H 1:0 A:m n e p
10 + J K LMNU® P QR R:% £:8% ()
1 * # S T U VvV w X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 N syllable modified S-values of syllables
1 J syllable modified 4 2 1
| | 1 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE IV-3:

Interchange of syllables in ¢00

(¢00) before operation

P L Q,
v (¢00) after operation
no branch branch
positive ' Q, ® 2 | J
negative ' Q @2 .




TEST

This Instruction really embodies four different Instructicns.

1) TEST Overflow. If any Instruction sets the Overflow Alarm, the
Processor will immediately halt unless the next Instruction is TEST
Overflow; in that case, the Overflow Alarm will be turned off, and the
next Instruction to be executed will be selected from a "branch" address.

If the programmer anticipates that Overflow might
occur, this feature permits him to provide for this exceptional case auto-
matically, without requiring operator intervention during processing.

2) TEST Option Switch. This feature provides convenient facilities for
permitting operator intervention during processing. If the designated one
of ten Console Option Switches is ON, the next Instruction to be executed
will be selected from a "branch" address. This feature is particularly
useful for interrogating the files, or in permitting routine processing to
be interrupted for high-priority work.

3) TEST Reader Code. The High-Speed Paper-Tape Reader can read any
three codes, with the particular code used being selected by a manual
switch on the Console., This facility permits the Reader to be compatible
with a wide variety of tape-punching devices.

. This variation of TEST assures that the operator
has set the STET Code-Selection Switch properly, and also provides im-
portant audit and protection facilities,

Accounting Machines, recording monetary transac-
tions, can punch a code incompatible with, for example, the code punched,
by typewriters recording non-monetary transactions. Therefore, any at-
tempt to simulate a monetary transaction with an unauthorized device can
be detected immediately.

L) TEST Punch Code. The High-Speed Paper-Tape Punch can punch any
two codes, with the particular code used being selected by a manual
switch on the Console. This facility permits the Punch to produce paper-
tape which is compatible with tape-tc-card ccnverters, typewriters, tele-
graphic transmitters, &c.

This variation of TEST assures that the operator
has set the Punch Code-Selection Switch properly, for the operation to be
perfonned.

V-F-1



INSTRUCTION FORMAT: Operation: TEST OVERFLOW (TEST:6)
9 8L7L6 5|l¢‘3 2‘110 Operation Code: F (V =0)

1

ReC Ny |m]Deent]V] st R A u &V‘T C |1

DEFINITIONS:

fesT|® J

Op: operation code.

M: auto-monitor level: O, 1, 2, 3.

S: designates syllables for modification
by index-register OOR.

R: designates OOR as index register.

J: base of address of next instruction if . If the Overflow Alam
Overflow Alarm had been set by the had been set, TEST
preceding instruction. Overflow turns it off.

V: Variation designator;
V = 0 specifies TEST Overflow.

e —— T —
—

INSTRUCTION FORMAT: Operation: TEST OPTION SWITCH (TEST*S)

9;8 v 6543210 Operation Code: F (V = 2)

VIMI|S|R

mﬁo'l‘\ Opees{ [V i Nse &l A 1 P ] C Jj_i%
DEFINITIONS: - ;}

P

restls N | J

Op: operation code.

M: auto-monitor level: O, 1, 2, 3.

S: designates syllables for modification
by index-register OOR.

R: designates OOR as index-register.

N: as modified by (OOR), specifies the Each Option. Switch shows:
number of the Console Option Switch Yellow light when ON.
to be tested. Switches are numbered Blue light when OFF,
from O through 9. ,

J: base of address of next instruction if The comparison is made
the designated Option Switch is "ON". against all four

o i numeric bits of N.
V: wvariation designator;
V = 2 specifies TEST Switch.

V-F-2



INSTRUCTION FORMAT:
987 6 5L 3210

Cperation: TEST READER CODE (TEST:R)

Operation Code: F (V =4)

v|iM|s|R _ 3
Ro' Np [M|0popt [VIMise (R A 1B nc %
DEFINITIONS:
TesT IR N J
Op: operation code.
M: auto-monitor level: O, 1, 2, 3.
S: designates syllables for modification
by index-register OOR,
R: designates OOR as index register.
N: as modified by (OOR), specifies the setting
(0, 1, 2) of the Code-Selection Switch for
the High-Speed Paper-Tape Reader.
J: Dbase of address of next instruction, if the The comparison is made
switch-setting is the same as specified by N. against all four
‘ numeric bits of N.
V: wvariation designator;

V = ) specifies TEST Reader Code.

-3

INSTRUCTION FORMAT:
9 8l 7 6 5 ]A 3 2 ll;LO

Operation: TEST PUNCH CODE (TEST:P)

Operation Code: F (V= 6)
ViM|S|R S
ReQNQ l’"Opan‘{‘/ Hiee IR N W B mC u
DEFINITIONS:
| TesT|P N J
Op: operation code. ¥
M: auto-monitor level: O, 1, 2, 3.
S: designates syllables for modification
by index-register OOR,
R: designates OOR as index-register.
N: as modified by'(OOR), specifies the setting
(0, 1) of the Code-Selection Switch for the
'~ High-Speed Paper-Tape Punch.
J: Dbase of address of next instruction, if the The comparison is made
switch-setting is the same as specified by N, against all four
' numeric bits of N,
V: wvariation designator;

V = 6 specifies TEST Punch Code.

IV-F-3



TABLE 1V-1: Language Code

NUMERIC NUMERIC BITS

ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

00 0 1 2 3 4 5 6 71 8 9:@ ¢:space & * 7
01 -~ A B C D E F G H 1:0 A:m n e p
10 + J KL MNG®GUP Q R:% £:8% () /
11 *x # S T U V W X Y Z:d s:u v w X
TABLE 1V-2:  Modification of first word of Instruction by Index Register

S-value

4 A syllable modified S-values of syllables

2 B syllable modified

1 C syllable modified 4 2 1

Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE IV-3: Interchange of syllables in ¢00

(¢00) before operation

v

positive

negative




COMBINE

The contents of the A- and B-fields are combined
into a single field for the C-putaway.

The B-field is put away first, from right to left;
then the A-field is put away, from right to left, immediately
to the left of the B-field putaway.

If the C-field is shorter than the combined A- and
B-fields, characters will be lost from the left end of the
A-field., If the C-field is shorter than the B-field alone,
then the entire A-field, and characters from the left end of
the B-field, will be lost. |

If the C-field is longer than the combined A- and
B-fields, zeros will be added at the left to £i11 out the

putaway field.

' OVERFLOW ALARM: Will not be set under any circumstances.

IV-H-1



INSTRUCTION FORMAT: Operation: COMBINE (cdvB)
9 8 1 7 2 6 5 : L 3 2 1 l ' o
Op A B c

b 2 1 B 3 I

Operation Code: H

VIMI|IS|R ALIAR BL'BR CLICR

ReSNolW opect Ve Rl A K D K C
DEFINITIONS: ' \ ‘;

Op: operation code. COMB

>
L
o

M: auto-monitor level: O, 1, 2, 3. Ache 8. 8 cule

designates syllables for modification
by index-register OOR.

6]
s

R: designates OOR as index-register.
A: base of address of left-hand field.

AL, Ar: locations of left-most and right-most
characters of left-hand field.

B: Dbase of address of right-hand field.

BL, BR: 1locations of left-most and right-most
characters of right-hand field.

C: base of address into which the A- and
B-fields will be combined.

CL, Cr: 1locations of left-most and right-most
characters of the combined field.

V: wvariation designator;
only the sign of V is relevant,.

IV-H-2



DESCRIPTION OF:  COMBINE

This is a right-justified operation.

[B] is transferred, right-justified, to a 20-character-
long working register (Re). Then [A] is transferred to Re, right-
justified against the left-most character from [BJ In the course
of these transfers, all zone-bits are preserved, and the informa-
tion is unchanged.

The contents of Rec then replace [C], right-justified.

OVERFLOW ALARM: Will not be set.

IV-H-3



Examples -~ COMBINE

9 8 7 654 3 210

342

291:

0342291
Example 1 ololotol6 41k,

005: [0,02W,9,F.6,7] after

H[3,4.2[2,9.1]0,0,5

Example 2 olojofol6. 4k, 210
005: [ after

H[2,9,1[3 4 2/0.0,5

Example 3 olofojols 2[6.4]8 3
005: EHF.6.7 .2 W, 9k after

VH-4



TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

|

0 1 2 3 4 5 6 1 8 9:@ ¢:seee & =+ 7
01 A B C D E F G H I:0 A:m n e p
10 J K LM NO®PQ R:% £:8 () /
1 # S T U vV W X Y Z:d s:u v w X
TABLE IV-2:  Modification of first word of Instruction by Index Register

S-value

4 A syllable modified S-values of syllables

2 B syllable modified

1 C syllable modified 4 2 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE IV-3:  Interchange of syllables in ¢00

(¢00) before operation

_ S 3

1 1 1 1

A%

positive

negative

il




THREE INSTRUCTIONS, DISTRIBUTE, SUPPRESS, EDIT, ARE GENERALLY SIMILAR. BasicALLY,
EACH OF THEM COPIES THE CONTENTS OF THE A-FIELD INTO THE B- AND C-FIELDSs THE C=PUTAWAY IS MADE
FIRST, FROM RIGHT TO LEFT; THEN THE B-PUTAWAY 1S MADE, FROM LEFT TO RIGHT. EACH INSTRUCTION HAS
TWO VARIATIONS, AND EACH VARIATION CHANGES THE CONTENTS OF THE A-FIELD IN A DIFFERENT MANNER
BEFORE MAKING THE PUTAWAYS.

DISTRIBUTE

"Normal" variation: The contents of the A-field are unchanged

in the putaways. If either putaway field is shorter than the A-field,
‘characters will be lost in that putaway; if either putaway field is longer
than the A-field, zeros will be added to fill out that putaway field.

"Sign Split-Off" variation: The sign of the A-field (designated
by the 5th bit in the left-most character) is split off, and appears in

the putaways as a separate character; a positive sign appears as a "space"
character, while a negative sign appears as a "-" character, immediately
to the left of the character from which it was split off. The zone-bits
of all the original characters from the A-field are replaced by O-bits* in

the putaways, leaving only the numeric bits in the B- and C-fields.

The putaways, therefore, are each one character longer than the
A-field. If the C-field is longer than this, "space" characters will be
added to the left of the sign character; if it is the same length as the
A-field, the sign character is lost (once split off, the sign is never re-
combined with the left-most character); and if the C-field is shorter than
the A-field, other characters will be lost from the left end of fhe field.
If the B-field is longer than the putaway, zeros will be added at the
right end of the field; if it is too short for the full putaway, characters
will be lost from the right end of the field.

OVERFLOW ALARM: Will not be set by either wvariation.

IVJ=-1



INSTRUCTION FORMAT: Cperation: DISTRIBUTE (DIST)

I 81 7 16 > p3.2 10 Operation Code: J
Op A B C

] ] [l 2 I A

v |u|s |R|Ac ar|BL BelcL Cr

Reive o MRl A B B 4 © ¥

DEFINITIONS: , :

OpP: operation code. pisTV A B | C l
P\;, 5.(1 B, ?}0 Colr

M: auto-monitor level: O, 1, 2, 3.

S: designates syllables for modification
by index-register OOR, \\\

R: designates OOR as index-register.

A: Dbase of address of word containing the field
whose contents are to be distributed.

Av, Ar: locations of left-most and right-most characters, \\
respectively, of the A-field. \

B: base of address of location into which the
distributed field is to be placed, left-justified. |

BL, Br: locations of left-most and right-most characters,
respectively, of the B-putaway field.

C: ©base of address of location into which the
distributed field is to be placed, right-justified.

Cu, CR: locations of left-most and right-most characters,
respectively, of the C-putaway field.

V: wvariation designator: /,f“”“/”f
\Y Specifies Abbreviation\éf/
0 Normal DIST
1 | Sign Split-Off DIST:S

vg-2



DESCRIPTION OF: DISTRIBUTE

V =0 [A] is transferred to a lO-character-long working register (Re),

right-justified, and also to another 10-character-long working register

(Rb), left-justified. In the course of these transfers, zone-bits are

preserved, and the information is unchanged.
The contents of Rc replace [c], right-justified; then the con-

tents of Rb replace [B), left-justified.

V =1 This is the "Sign Split-Off" variation.

Ar. 11-character-long working register {Re), is filled with

"gpace" characcters, and then [A] is transferred to Rc, right-justified.

[A] is also transferred to another previously cleared, 1l-character-long

working register (Rb), left-justified at character—position 9.

In the course of both these transfers, the zone-bits of all
characte.s +ransferred are replaced by U-bits.

If the sign-bit of the character in position AL is a 1-bit
(minus sign), then a "minus" character (code Ol 0000) is inserted into Rb
at characier-position 10, and into Rc at the character position immediately
to the left of the character transferred from position A,

If the sign-bit of the charoct>~ ir position AL is a O=bit (plus
sign), then a "space" character (code OC .100) %in inserted into Rb at
character-position 10. (Note that the corresponaing character-position in
Rc alecady contains a "space" character. )

The contents of Rc replace [CJ, right—juctitied; then the con-

tenis of Ro revlace [B], left-justified.

OVFRFLOW A'.#8M: Will not be set by either variation.

IV-J-3



(A

00465

~00009

Instruction

DISTRIBUTE

DISTRIBUTE

SUPPRESS

SUPPRESS

EDIT

EDIT

DISTRIBUTE
DISTRIBUTE
SUPPRESS
SUPPRESS

.

EDIT

DISTRIBUTE, SUPPRESS, EDIT

DISTINCTIONS

0]

0

C B-Putaway

C=Put away)

<

N
P

0,04 6500000}

[sp.0.0.4.6,5.0,0,0,0]

[spspl 6.5.0,0,0,0,0]

Y

[0,0,0,0,0,0,0,4,6,5]

[spspspspsp0.0.4.6.5)

[sp sp sp spspspspl 6 5]

Ise.sp.spl . 6,5.0.0.0,0]

[sp,sp,4,6,5,0,0,0,0,0]

(%% 4.6,5,0,0,0,0,0]

{=.0.0,0.0.9,0,0,0.0]

[-,0,0,0,0,0,9.0.0.0]

|=,spspse,52,.9.0.0.0.0]

|~ SPSPSPsPsP § 0.0.0|

[=.spspspsp.9.0.0.0.0]

(% % %% 900.0.0|

EDIT 1 A
\Sets Overflow Alam

VI

[spspsp spspspsp y 6 5]

[00.0,0,0,0,0,4.,6,5]

[0,0,0,0,0,00.,4,6,5]

[0,0,0.0,-,0,0,0,0.9]

[sp,sp,sP—.0.0.0.0.0.9]

[sp,sP sp sp. —~ sp.sp.sp sp 9]

[sp,sp.sp .~ spsp.sp spsp 9]

(0,0,0,0,-.0,0,0,0.9]

[0,0.0.0,0,0.0.0.0.9]




G26A9

Instruction

DISTRIBUTE

DISTRIBUTE

SUPPRESS

SUPPRESS

EDIT

EDIT

v ( B-Putaway

N

C —Putaway)

<

>

o [§2649,0,00,00]

~

[o, 000,0G,26A09

1 [=.7.2.6.1,9.0,0,0,0]

sp spspsp —.7.2.6.1,9

o [G.2.6.A.9.0,0,0,0,0]

[spspsp sesP G 2, 6 A 9|

1 [£.7.2.6.1.9.0,0,0,0]

0 [G,2,6 A 9.0,0,0,0,0]}

1 [7.2.61.9,00,0,0,0]

\,\ Sets Overflow Alarm

DISTRIBUTE

DISTRIBUTE

SUPPRESS

SUPPRESS

EDIT

EDIT

f[spspspsp = 7 2 6,19

[000.0,0,0G,2,6A.9]

[0,0,0,0,07,2,6,1,9]

0 [0,0,0,0,0,0,0,0,0,0]

[0,0,0,0,0,0,0,0,0,0]

1 [.0,0.0.0,0,0,0,0.0]

EP, SP SP SP SP SP . SP SP SP 0 |

O [sp.sp.sP,sp.sp.sP,SP,SP,SP.SP)

[sp.sp sp sp PSP SP,SP SP SP|

1 [sp.sp.sp.spsp sPsP sP sp.sP|

[sp sp sp_sp sP sP SP SP P SH

O [sPspspPsSPSPSPSP SP SPSP|

1 F-X—-)(——X-%-X—*%-X—%l
PR S S

V-J-5

[0,0.0,0,0,0,0,0,0,0]

[0.0.0.0.0,0.0,0,0,0|




"Normal" DISTRIBUTE is an extremely versatile Instruction for performing
The folloving examples illustrate some of the
technigues to which it lends itself.

logical operations.

Example 1. Clear two fields of an Index Register.
9876543210
371 [J[3 7 2]o 0 3]0 0 3
372 [o]o]o]o[9 98 6]z 0
9876543210
372 [0]0:0:0::0:9:9:8:6:2]
Rb [000000000O0 O] Re [0000000000

9876543210
003 Before [01A 7 610 5 9:P 6 3|
L
|
003 After [3]0 0 0]07579]0 00

Hramnle 2,

Clear two Index Registers.

9876543210
B86 |J{B 8 7]10 0 3|0 06
B87 [0]0]0J0]9 9]9 O]9 O
9 8 7 65 h 3210
2
il L
Rb (0000000000 Re 0C0NDOLOGOO oo
|9 76543210 9876543210
003 Before 0B 6 60193 L 5] 006 Before |G7 6210528 7]
]
003 After [0000000000 006 After |00 00000000

Wegé




Mlormal" DISTRIBUTE

lixample 3. Plant a Constant in the & and C fields of 00L4.
Clenr the B field of QOL.

9876543210
J[8 0 0lo 0 4]0 0
olo[olo]é 4[]8 6[5 0
9876543210
soc [0LBi117 6 719.CiFi2]
= 1
R
Rb |7 67/0000000| Re [0000000767

r 9876543210

0L, Before [OTA 3 910 5 91P 6 3|
|
|

—

e |

L.
ok ffrer [O]7 6 7:0 0 017 67

Example &, Plant one Constant from 657:88 in 257:77 nd
anrother Constant from 657:53 in 005:86.

9876543210

@v;4ﬂ7d231mﬁﬁ
|

- — [, ".i
Rb %ﬂgABIOOOOJ Re hoooévhn«ﬁ

98765L32 10
257 Before [2 2;9:7 6 2 91 8 3] 005 Before [7

\0
og\)

6
L

257 After

005 After |7,

IV=g=T7



Example 5.

Rb

"Normal" DISTRIBUTE

Plant a Constant from 800:52 in 607:30.
Jump to Instruction stored in Cell 300, and set return link.

9876543210

499 [Jleoole00l607
500 |~[oJo]Jo]9 2[5 3|3 0

98765432

10

800 [300f7{aL23

29

I
|

T

3007A42300]

987654L3210

$00 Before [010 0 017 6 214 9 9]
L T

2
$00 After [0F0:0.0]3 0 0:50 1]

8
1

execution, but before
-V interchange

¢00 After [00:0:0]5 0 1i3 0 0]
-~V interchange

IV-J-8

Re

|

|00'3007IAA23




"Hormal" DISTRIBUTE

Examnle ba. Three Constants (X, ¥, Z) are stored in Cell 800.
Plant Y in the A end C fields, and Z in the B field, of Cell 300.

9876543210

J[a0oo0[300{300
0[0]0]0[5 0][2 0]8 3

9876543210

800 [OFEEG6IAR 7:63 5
X Y | 2

[ —
Rb [A276350000] Re [D000A27635

9876543210

300 Before [0:G 4 8IR 1 610 9 3|

| I
300 After []A2 7,63 51427
Y z JY

Example éb. The same three Constants (X, Y, Z) are stored in Cell 800.
Plant X in the A and B fields, and Z in the C field, of Cell 761.

9876543210
JIg8 00l7 6 1i7 6 1]
oloJoJo]g 05 3[8 O

9876543210
goo fR]|B 9 6JAI2716 3 5]
X IY Z
[ l r l

Rb [B9 642763 50] Re [0B96A27635
9876543210
761 Before [WF 9972 08]9 0 0]
761 After C-vnutaway o rfi
but before B-putaway [MiB 9 6427635
X Y Z
e r—-l‘—1
761 After B-putaway |[W]B 9 6:B 9 616 3 5]
X X Z

IV-J-9



__"Normal" DISTRIBUTE

Ecample 7. Two-way alternztor. .
Interchanee the A znd C fields of Cell 619.

9876%514,3210
J[6€ 1976 19[6 19
0]0J0]0|8 {2 (.8 6|

9876543210
61 Before [2]W 5 5[3:0:04R 2 8]

|

|
Rb [W55300R2¢ 0
Souiiuie

-

619 After -- The firs' time

The next time this instruction S F30504R 2 8
is exesuted, (619) will becoma: Elv 5 5{3:00] l

e aNd SO ON ==



"Wormal" DISTRIBUTE

Example 8a. Three-way alternator. Cycle the A,e—B,«C fields of Cell 574

9e7 6543210
JIE 7 L[5 7 L{57 &
0loJoJol¢e 0[2 O]8
9876543210
574, Before [8]0 1 2113 212 1 4
l
L _ |
Rb [0121322140] Re [001213221
1
9876|543210
574 After — The first time Bj13 2214012

i

The second time this instruction o T T
k 2 01 2, 2
is executed, (574) will become: 82 1 b, 113 2]

The third time this instructicn Mo 1213 221
is executed, (574) will becomw: £ 113 2 Ly

-~ and so on --—

Example 8b. The following Instruction will cause the three fields
to cycle in the opposite direction:

9876543210
J[5 7 4157 L5717
ololojol8 0|5 0] 8 6

IV--J=-11



"ormal" DISTRIBUIZ

Example 9. Two-way branching alternator.

Write an Instruction in Cells LE86~487 so that: Dvery other time it is
executed, the program will select its next Instruction alternately from

Cell 488 and Cell B73.

987654L3210
L8l 46 1Jl9 6 21 8704 00
485 <> 487 [0]0]0]0[9 0[5 4]2 0
2§$ Alternator 9876543210
962 [7 3]9 0[B 7 3]i 8 €]
L88 B73
489 CD B74

Initially, the Instruction picks up (962:90).

The first time it is executed, it plants
488 in ¢00:20, ~nd changes itself so that
the next time it is executed, it will
pick up (962:73).

The second time it is executed, it plants
B73 in ¢00:20, and changes itself so that
the next time it is executed, it will
pick up (962:90) again.

IV-J-12



"Normal' DISTRIBUTS

Example 10. Five-way branching alternator. Set return link.

"Irite an Instruction in Cells F4L-FL5 to set up a 5-way cycle. After
executing this Instruction, the program will select its next Instruction
as follous:

1st time: from Cell F46

2nd time: from Cell A1l9 and link to Cell F91

3rd time: from Cell Al9 and link to Cell F93

Lth time: from Cell 766 and link to Cell F93

5th time: from Cell G66 and link to Cell HZ23

6th time: from Cell F4L6 again
- =~ = andsoon = = =

The last Instruction in each branch will return to the proper point in
the main program by using "minus V",
|

FL2
Ff:B 9876543210
Fu, [J[H 93[F 4 4{¢ 00
FL5 (0JoJoJol8 o]8 6|5 0
gﬁg S5-way ‘Alternator
9876543210
FL6 . Al19 766 G66 H93 F:iH 9 LE L 6
FLu7 A20 767 G67 HO, H95|F 91{A109
H95 H96IF 93|41
A6l Ho6 [HAH 9 7[F 9 3[7 66
FoL A65 = Ho7 [HH 9 3[H 2 3]G 6 6
F92
803
< 80 Each time the Instruction is
F93 executed, it plants a pair of
Fol addresses in ¢00:53 and ¢00:20;
&= and changes itself so that the
GBL 5 next time it is executed, it will
423 ) G85 pick up the next line of the table.
H24,

Iv-J-13



__"Hormal" DISTRIBUTE

Example 1ll. Self-resetting Program Switch.

Instruction A will normally cause the program to pess to Instruction B.
However, after Instruction C has been executed, Instruction A wills

1) Cause the program to branch to Instruction Dj

2) At the same time resct itself to the normal condition.

H21
k\\_—EE§%%%COUNT
H39 Go to G73;
HLO Set A for branch.

G74
G75
G76
A
G91 Self-resetting
G92 @ switch.
BRANCH AND RESET
G993 g D38
a :
Fal g™ D39
DLO
D4l

9876543210

Go1 [J[2 8 7[¢ 0 0]2 8 7

‘\\ C) c92 [0[0T0]0]5 02 015 3
H39 [F[2 8 628 7][¢ 00

C) HLO [O[0]0]0(5 O]5 3]2 O

286
267

543210
D38[G73
G93[G93

After Instruction C has been executed,
287:53 contains D38. The next time
Instruction A is executed, it plants
D38 in ¢00:20, and resets (287:53)

back to G93.
Alternate Method
9876543210
Ggo1 [J[5 7 O0]¢ 0 O]G 9 2
® o2 [o[dI0T0[9 o[2 ol5 5
I;) H39 [J[5 7 1]lG 9 2[¢ 00
() HLo [o]oJofolg 5[5 5[2 ©

570
571

After Instruction C has been executed,
Instruction A has been set to pick up
(570:60). The next time Instruction A
is executed, it will plant D38 in
¢00:20 and will reset itself to pick
up (570:90).

IV-J-14



TABLE 1V-1: Language Code

NUMERIC NUMERIC BITS
Z0NE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 7 8 9:@ ¢:see & ’
01 A B C D E F G H |I:0 A:m n p
10 J KL M NO®PQQR:% £:§ ( /
11 # S T U VW X Y Z:d s:u v X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified 4 2 1
Sum Determines combination — — l

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

v

positive

negative

l1




THREE |NSTRUCTIONS, DiSTRIBUTE, SUPPRESS, ED!T, ARE GENERALLY SIMILAR, BAsiCALLY,
EACH OF THEM COPIES THE CONTENTS OF THE A=FIELD INTG THE B- AND C~FIELDS. THE C-PUTAWAY IS MADE
FIRST, FROM RIGKT TO LEFT; THEN THE B~PUTAWAY IS MADE, FROM LEFT TO RiGHT. EACH INSTRUCTION HAS
TWO VARIATIONS, AND EACH VARIATION CHANGES THE CONTENTS OF THE A-FIELD IN A DIFFERENT MANNER BEFORE

MAKING THE PUTAWAYS.

SUPPRESS

"Normal" variation: The contents of the A-field are zero-

suppressed in the B- and C-putaways; the character "-" is treated in a
special manmer, as it is not suppressed (replaced by "space"), yet zero-
suppression resumes to the right of a "-" character. If either putaway
field is shorter than the A-field, characters will be lost in that put-
away. If the C-field is longer than the A-field, "space" characters will
appear at the left; if the B-field is longer than the A-field, zeros will
be added at the right (unless the A-field contains all. "zercs", in which
case the B-field will be filled out to the right with "space" characters).

"Sign Split-Off" variation: The sign of the A-field (designated
by the 5th bit in the left-most character) is split off, and appears in

the putaways as a separate character; a positive sign appears as a "space

character, while a negative sign appears as a "-" character, immediately
to the left of the character from which it was split off. The zone-bits
of all the original characters from the A-field are replaced by O-bits,

leaving only the numeric bits, and the putaways are zero-suppressed.

The putaways, therefore, are each one character longer than the
A-field. If the C-field is longer than this, "space" characters will be
added to the left of the sign character; if it is the same length as the
A-field, the sign character is losé (once split off, the sign is never
re-combined with the left-most character); and if the C-field is shorter
than the A-field, other characters will be lost from the left end of the
field. If the B-field is longer than the putaway, zeros will be added at
the right (unless the A-field contains all "zeros", in which case the
B-field will be filled out to the right with "space" characters); if it
is too short for the full putaway, characters will be lost from the right
end of the field.

OVERFLOW ALARM: Will not be set by either variation.

IV-K-1



INSTRUCTION FORMAT:
9 81746 5Lh13 zllLo

Operation Code: K
OP 'A X 1 Bl 'C A
V [M|S |R |[AL AR|BL Br[CL Cr
' : i 5P
e wnopats Rl A 4 B M ¢ #TH
DEFINITIONS: ! g
| {
Op: operation code. suPAVi A B : C
Tt A g CANCH ,C,,C&
M: auto-monitor level: O, 1, 2, 3. .
S: designates syllables for modification \X
by index-register OOR. N
N,
R: designates OOR as index-register. \\\
A: Dbase of address of word containing the field \\
whose contents are to be distributed. \
AL, ArR: locations of left-most and right-most characters,\\
respectively, of the A-field. \
B: base of address of location into which
the distributed field is to be placed,
left-justified.
BL, Br: locations of left-most and right-most characters,
respectively, of the B-putaway field.
C: base of address of location into which
the distributed field is to be placed,
right-justified.
C., Cr: 1locations of left-most and right-most characters, E
respectively, of the C-putaway field. ’
V: wvariation designator:

Operation: SUPPRESS (SUPP)

\Y Specifies Abbreviation»V/
0 Normal SUPP
SUPP:S

1 | Sign Split-Off

VX-2




DESCRIPTION OF:  SUPPRESS

V = 0: [A] is transferred to a 10-character-long working register (Re),
right-justified, and also to another 10-character-long working register
(Rb),

left—justified., In the course of these transfers, zone-bits are
preserved, and the information is unchanged.

The contents of registers Re and Rb are then zero-suppressed;
that is, starting at the left end of each register; all "zero" characters
are replaced by "space" characters (code 00 1100), until a non-zero
character is encountered, or until all the characters in the register have
been replaced by spaces. For the purpose of this variation, the character
" is considered neither a zero, nor a non-zero character; it is not re-
placed by "space", nor does it terminate zero-suppression.

The contents of Rc replace [C], right-justified; then the con-
tents of Rb replace [BJ, left-justified.

V=1 This is the "Sign Split-Off" wvariation.

[A] is transferred to an 1ll-character-long working register (Re),
right-justified, and also to another ll-character-long working register
(Bb), left—justified at character-position 9. In the course of both these
transfers, the zone-bits of all characters transferred are replaced by
O-bits.

The contents of registers Rc and Rb are then zero-suppressed;
that is, starting at the left end of each register, all "zero" digits are
replaced by "space" characters (code 00 1100), until a non-zero digit is
encountered, or until all the characters in the register have been replaced
by spaces.

If the sign-bit of the character in position AL is a 1-bit
(minus sign), then a "minus" character (code 01 0000) is inserted into Rb
at character-position 10, and into Re at the character-position immediately
to the left of the character transferred from positicn At.

If the sign-bit of the character in position AL is a O-bit (plus
sign), note that the proper character-pesitions of registers Rc and Rb
already contain "space" characters. ‘

The contents of Rc replace EC], right-justified; then the con-
tents of Rb replace [Bj, left-justified,

OVERFLOW ALARM: Will not be set by either wvariation.

IV-K=3



fA

00L65

-00009

DISTINCTIONS

DISTRIBUTE, SUPPRESS, EDIT

Instruction V CB—Putaway

DISTRIBUTE o0 [004,6,50000 ‘071
DISTRIBUTE 1 (F0.0%.6.5.0.0.0.0]
SUPPRESS o [sAsrL.6.5.0,0,0.00]
SUPPRESS 1 [sespsply . 6,5,0,0,0,0]
EDIT o [spsp4,6,5,0,0,0,0,0]
EDIT 1 [F*.4,6,50,0,0,0,0]
DISTRIBUTE 0 [=,0,0,0,0,9,0,0,0,0]
DISTRIRUTE 1 [(=.0.0,0,0,0,9,0,0,0]
SUPPRESS o [E.sesp®..9.0.0.0.0]
SUPPRESS 1 [=.SPspsesese 9 0,0 ,0]
EDIT 0 [=.spspspsp,9,0,0,0,0]

(f* ¥ %% 900,00

EDIT 1 "
\Sets Overflow Alarm

VK4

C-Put aw.ay)

<
<

[0,0,0,0,0,0,0,4,6,5]

[spsp spspspO0,0.4.6 5]

[se sp sp spspspsp b 6 5]

[spspsp.spspspsp. by 6,5)

[00.0.0,0,0,0,4,6.5]

[000.00,0,0,0.4,6,5]

(0,0,0.0,-,0,0,0,0,9]

Isp.sp.sp—~ 0.0.0.0.0.9]

[sp sp sp sp —_sp.sp sp,sp, 9]

[sp,sp.sp ~ spsp.sp sp.sp 9]

(0,0,0,0,-,0,0,0,0,9]

[0,0.0,0,0.0,0.0.0.9]




G26A9

Instruction
DISTRIBUTE
DISTRIBUTE
SUPPRESS
SUPPRESS
EDIT

EDIT

DISTRIBUTE
DISTRIBUTE
SUPPRESS
SUPPRESS
EDIT

EDIT

v ( B-Putaway

>

C-Put away')

£

y ot

0 K},z,é,Aﬁ,o,o,o‘oLQJ

~

[0,0°0,0,0,G,2,6,4 9

1 [=7.2.6,1,9,0,0,0,0]

fspspspsp,—.7,2.6.1.9)

o [G.2.6.A.9.0,0,0,0,0]

[sp.spspP s G, 2 6. A 9|

1 [=.7.2.6.1,9,0,0,0.0]

0 [264A9,0,0000]

1 [7.2.61,9,0,0,0,0,0]

\,\ Sets Overflow Alarm

[spspspsp = 7.2 6 1.9

[0,0.0.0,0G,2,6,A,9]

[0,0,0.0,0,7,2,6,1,9]

0 [0,0,0,0,0,0,0,0,0,0]

[0.0.0.0,0,0,0,0,0.0]

1 [+.0.0.0,0.0,0,0.0.,0]

[sp sp.sp.sp.sp sp spse,sp O]

O [sp.sp.sP.sp.SP,SP,SP,SP,SP,SP|

lSP‘SPLSPAS’_SP, SP‘SP.SP‘SP‘Sﬂ

1 [sp.sp sp,spsp,spse spse.se|

[sp sp sp_sp sp sp sp SP P SH

O [sP.sPSPSPSP SPSP SP SP SP|

1 [F % % % % % %
A 'l A A A A ks §

.*

z
’n‘l

[0.0,0,0,0,0,0,0,0,0]

[000.0.0.0.0,0,0,0,0]

IV;-K-.-5



TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

00 1 2 3 4 5 6 71 8 9:@ ¢ismet & =
01 A B C D E F G H |I:0 A‘m n e p
10 J K LM NO®POQ@R:% £:8% ()
1 # § T U VW X Y Z:d s:u v w X
TABLE 1V-2:  Modification of first word of Instruction by Index Register

S-value

4 A syllable modified S-values of syllables

2 B syllable modified

1 C syllable modified 4 2 1
Sum Determines combination — — '

of syllables modified.

If § = O, no Index Register is used, and R is irrelevant.

TABLE IV-3:  Interchange of syllables in ¢00

(¢00) before operation

v

positive

negative




THREE INSTRUCTIONS, DISTRIBUTE, SUPPRESS, EDIT, ARE GENERALLY SIMILAR. BASiCALLY,
EACH OF THEM COPIES THE CONTENTS OF THE A=FIELD INTO THE B~ AND C~FIELDS. THE C~PUTAWAY IS MADE
FIRST, FROM RIGHT TO LEFT; THEN THE B~PUTAWAY IS MADE, FROM LEFT TO RIGHT. EACH INSTRUCTION HAS
TWO VARIATIONS, AND EACH VARIATION CHANGES THE CONTENTS OF THE A-FIELD IN A DIFFERENT MANNER BEFORE
MAKING THE PUTAWAYS.

EDIT

"Normal" variation: The contents of the A-field are ﬁnchanged

in the C-putaway, and are zero-suppressed in the B-putaway. In zero-
suppression, the character "-" is treated in a special manner, as’ it is
not suppressed (replaced by "spacdﬂ, yet zero-suppression resumes to the
right ofﬁé "_" character. If either putaway field is shorter than the
A-field, characters will be lost in that putaway; if either putaway field
is longer than the A-field, zeros will be added to £ill out that putaway
field (unless the A-field contains all "zeros", in which case the B-field
will be filled out to the right with "space" characters).

"Dollar-Protection" variation: The zone-bits of all the

characters from the A-field are replaced by O-bits, leaving only the
numeric bits. The C-putaway is made in that form, while the B-putaway is
"dollar-protected"; that is, the B-field is zero-suppressed in the usual
manner, except that "¥" characters (rather than "space“ characters) re-

place suppressed zeros.

OVERFLOW ALARM: Will not be set by the "Normal" variation.

Will be set by the "Dollar-Protection" wvariation if any
character in the A-field contains a 1-bit in any zone-bit position, in-

cluding the sign-bit position of the field.

e

IV-L-1



INSTRUCTION FORMAT: Operation: EDIT (EDIT)

7 81 7 .6 5 B 3.2 1.9 Operation Code: L
O b An 1 B| i C N
VI{M|S|R AL Ar BL BR CL Cr
RG{'NO MO?Q‘G{V“&LI A u ()) g C
DEFINITIONS:
: ’ (| C
Op: operation code. EDIT % A\
’ A‘_ﬁlﬁ ]gl (¥ A‘- £
M: auto-monitor level: 0, 1, 2, 3.
S: designates syllables for modification \\l
by index-register OOR, “x\
R: designates OOR as index-register. \\\
A: Dbase of address of word containing the field \
whose contents are to be distributed. A\
“\E
Ay, Ar: locations of left-most and right-most characters, '
respectively, of the A-field. N
B: base of address of location into which \
the distributed field is to be placed,
left-justified.
BL, Br: locations of left-most and right-most characters,
respectively, of the B-putaway field. i
C: base of address of location into which
the distributed field is to be placed,
right-justified.
Cu, CR: locations of left-most and right-most characters, ’ 
respectively, of the C-putaway field. g
V: wvariation designator: - -
\' Specifies Abbreviation
0 Normal EDIT
1 | Dollar-Protection EDIT:P

Iv-L-2




DESCRIPTION OF:  EDIT

V = 0: [A] is transferred to a 10-character-long working register (Re),

———

right-justified, and also to another 1O-character-long working register
(Rb), left-justified. In the course of these transfers, zone-bits are
preserved, and the information is unchanged.

The contents of Rb are then zero-suppressed; that is, starting
at the left end of the register, all "zero" characters are replaced by
"space" characters (code 00 1100), until a non-zero character is encoun-
tered, or until all the characters in the register have been replaced by
"spaces". For the purpose of this variation, the character "-" is con-
sidered neither a zero, nor a non-zero character; it is not replaced by
"gpace", nor does it terminate zero-suppression. The contents of Rc are
not ¢hanged,

(Re) replaces [CJ, right—justified; then (Rb) replaces [BJ,
left-justified.

V =1: This is the "Dollar-Protection" wariation.

(a] is transferred to a 10-character-long working register (Rc),
right-justified, and also to another l1O-character-long working register
(Rb), left—justified.

In the course of both these transfers, the zone-bits of all
characters transferred are replaced by O-bits.

The contents of Rb are then zero-suppressed and "dollar-protected";
that is, starting at the left end of Rb, all "zero" digits are replaced by
n#1 characters ‘(code 11 0000), until a non-zero digit is encountered, or
until all the chardcters in the register have been replaced by asterisks.

The contents of Rc are not changed.

(Rc) replaces [CJ, right-justified; then (Rb) replaces [B],
left-justified.

OVERFLOW ALARM: Will not be set by the "Normal" variation (v =0).

Will be set by the "Dollar-Protection" variation (V = 1)
if any character in IA] contains a 1-bit in any zone-bit position.

Iv-L-3



(A]

00465

-00009

DISTINCTIONS

DISTRIBUTE, SUPPRESS, EDIT

Instruction V CB—Putaway

N,
7

DISTRIBUTE o0 [004,6500000]

C-Put away)

prd
~

[0.0,0,0,0,0,0,4,6,5]

DISTRIBUTE 1 [5P.0.0.4.6.5.0,0,0,0]

[spspspspsp0.0.4.6,5]

SUPPRESS o [spsrl4,6,5,0,0,0,0,0] [so'spse spspspspl 6,5]
SUPPRESS 1 [sespsel 6,5,0,0,0,0] [spspsp.spspspse by, 6, 5]
EDIT o [srs0.k.6.5.0,0,0,0,00 [0.00,0,0,004,6,5]
EDIT 1 [F¥14.6.5.0.00.00 [0,000,00.04,6,5]

DISTRIBUTE 0 [-.0.0.0..,9,0,0,0,0]

(0,0,0,0,-,0,0,0,0,9]

DISTRIBUTE 1 [=.0.0,0.0,0.9.,0,0,0]

{spspsP~.,0.0.0.0.0.9]

SUPPRESS 0 (=.spsp®s,9,0,0,0.0] [sP,sP sp s - .SP.SP 5P sP 9]
SUPPRESS 1 |=.SPspspspsk 9 0.0 0] [sp.sp.sp.= sPsp.sp sp.sp 9]
EDIT 0 [=spspsPse,9,0,0,0,0] (0,0,0,0,-,0,0,0,0,9]
EDIT: 1 (X ***%9,0,0,00  [0,0,00,0,0,0,00.09]

\Sets Overflow Alarm

VL~




Instruction V (B-Putaway

C~Putavay
< 2

N
DISTRIBUTE O [G26490,0,0,00] [0,0,0,0,0,G,2,6,4,9
DISTRIBUTE 1 |=.7.2.6.1.9,0,0,0,0]  [esesesp,=,7,2,6,1.9
SUPPRESS o [6.2.6.A9.0,0.0,0,0] [?Pse®rG,2,064A9
SUPPRESS 1 [£.7.2.6.1.9,0,0,0,0] spspspsp,=7.2,6,1,9
EDIT 0o [62,64,9,0,00,00] [0,0.0,0,0.G,2,6,A,¢]
EDIT 1 [261900000 (0000072619

\)» Sets Overflow Alarm

0 [0,0,0,0,0,0,0,0,0,9]

DISTRIBUTE [0,0,0,0.0,0,C,0.3,"
DISTRIBUTE 1 [s,0,0,0,0,0,0.0.0.4] [sP.SP.5P 5P 5P 5P St 5P P, L1
SUPPRESS O [sp.sP,sP.sP.sP,SP,SP,SP,SP 2 |sP.sP SP SP SP SP Sk SP * ?,tf}
SUPPRESS 1 [sP.sp sp sesp sPsP LSPJSPASP] [sp sp sp spsP sP sp s s sAl
EDIT O [SPsPsPsPspsPsP sp SPsP| [0,0.0,0,0,0,0,0,0,0]
EDIT 1 [EE Rk —’- ﬂ \ I’O. 0.0.0.0,0,0.,0 ,O*Q}
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AN EXAMPLE OF EDITING
Required: To edit a one-line Dividend Check and Stub
Using COMBINE; DISTRIBUTE (V=0); SUPPRESS (V=0); EDIT (V=0, V=l); MOVE.

/ 1
|
|
RATE N A M E No. SHARES AMOUNT i RATE No. SHARES AMOUNT

l6.00 [JAMES J DOE [[ 150] [$+++900.00] | [6.00] 150]$*«+900.00
‘ {
!
(
!

N\ AN _/

~ N
DIVIDEND CHECK CHECK STUB

START

PRINT LINE

CLEAR SUPPRESS: O™ —> 762:90 and 763:90 (Plant ‘'spaces’ in 762 and 763)
TO"SPACES"” {

MOVE: (763), 10 WORDS —> 764 (Plant "spaces’ in complete print line)

762 I 763 I 764 765 766 767 . 768 769

987 6543210/9876543210[9876543210[9876543210[9876543210{9876543210[9876543210|9876543210

120-CHARACTER PRINT-LINE IMAGE
SHADED AREAS REPRESENT “SPACE" CHARACTERS PLANTED BY THE PREVIOUS OPERATIONS

DISTRIBUTE: "DECIMAL POINT"’ —> 762:88 and 767:99 (Plant decimal points)

EDIT: DIVIDEND RATE —> 762:99 and 762:76 (Plant dividend rate in check)

PRESET
DISTRIBUTE: (762:96) —> 768:96 and £09:90 (Plant dividend rate in stub)
DISTRIBUTE: "'$" —> 766:66 and ¢09:90 (Plant dollar sign in check)

762 763 . 764 - 765 766 767 768 769
0876543210[9876543210|987654321019876543210[9876543210[9876543210[9876543210[9876543210
6.00f ' L] s ik 6.00 |
RATE N A M E No. SHARES AMOUNT RATE No. SHARES AMOUNT

READ: AN ITEM INTO MEMORY
9 8 7 6 5 4.3 2 1 0
FROM 3860 0 01 5 0
387 1) AME S sp J sp DO
388 | E sP sp SP SP SP SP SP SP SP
389 0009 0O0O0O0

Iv-L-6



SUPPRESS: (386:94) —> 765:83 and 768:50 (Number of shares in check and stub)

762 763 764 765 766 767 768 769
98765432‘093765432]098765432]0987654321093765432‘0987654321098765432]098765432109 [+]
6.00 [ 150 [$ .| Je.00] 150
RATE N A M E No. SHARES AMOUNT RATE No. SHARES AMOUNT

Cb MOVE: (337), 2 WORDS —> 763 (Name)

762 763 764 765 766 767 768 769
987654321098765432]098765432\098765432|098765432‘098765432\098765432]098765432]09 0
6.00| JAMES J DOE [ 150] s ] 6.00] 150 ¢
RATE N A M E No. SHARES AMOUNT RATE No. SHARES AMOUNT

EDIT (Dollar Protection): (389:70) —> 766:50 and 767:87 {Amount on check)
762 763 764 765 767 768 769

9876543210

9876543210/9876543210

9876543210

766
9876543210

9876543210/9876543210

987654321019 O

6.00 JAMES J DOE | 150] Js+++900.00]  l6.00] 150
RATE N A M E No. SHARES AMOUNT RATE No.SHARES  AMOUNT
COMBINE: (766:60) and (767:97) —> 769:90 (Amount on stub)
762 763 764 765 766 767 768 769

9876543210987654321098765432\09876543

150}

N A ME

No. SHARES

() OUTPUT THE EDITED LINE

® GOTOA

210/987

AMOUNT

65432109876
$+++900.00

543

10[9876543210

98765432109 0

6.00] 150

$*++900.00[{ ¢

RATE No. SHARES

AMOUNT

SHADED AREAS REPRESENT “SPACE” CHARACTERS PLANTED BY THE INITIAL
CLEARING OPERATIONS. BLANK AREAS REPRESENT “SPACE" CHARACTERS
PLANTED BY THE EDITING OPERATIONS.
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TABLE IV-1: Language Code

NUMERIC NUMERIC BITS

ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

00 1 2 3 4 5 6 1 8 9:@ ¢g:isme & * 7
0l A B C D E F G H I:0 A:m n e p
10 K L M NO©® P Q R:% £:8% () /
1 | *x # S T U V W X Y Z:d s:u v w X
TABLE 1V-2:  Modification of first word of Instruction by Index Register
S-value .
4 A and AF syllables modified S-values of syllables
2 B and BF syllables modified
1 C and CF syllables modified 4 2 1
1 i 1 1 1 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

(¢00) after operation

v
Runout MERGE Cutoff MERGE
positive l _]l
negative J

J: May be JA, JB, JC



MERGE

MERGE assumes the designation of three memory areas (called
"pockets“), referred to, respectively, as the A, B, C pockets. Except as
stated below, there is no necessary relationship among the sizes of the
three pockets.

The A and B pockets each contain a "string" of items: that is, a
collection of items which has previously been sorted according to some key.

MERGE combines the A and B strings into a single new string, which
appears in the C pocket.

Runout MERGE proceeds until either the A pocket or the B pocket has

been exhausted by copying the last item into the C.pbcket. Then all items
remaining in the other pocket are "run out" by being copied into the C pocket.
This type of MERGE assumes, therefore, that the C pocket is equal in length
to the combined lengths of the A and B pockets.

Sutoff MERGE proceeds until:
A pocket exhausted
or B pocket exhausted
or C pocket filled
and then terminates. The next instruction to be executed is selected from
the appropriate one of three locations, according to the reason for termina-
tion, and the MERGE instruction, as recorded in the Memory, indicates the

point at which it terminated.
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INSTRUCTION FORMAT: Operation: ''Cutoff'"" MERGE (MRGE:C)

9.8 7

6 k3210 Operation Code: M (V = O, 1)

Or A

— — Execution Time: (in micro-minutes)

VIiMIS

22 FIXED

+ 1 IF INDEX REGISTER USED

BF CF + 10 PER COMPARISON OF AN A-ITEM WITH A B-ITEM

B il (12 IF 2-WORD KEY)

+

2 PER WORD MOVED INTO C-POCKET
1 1F CF TERMINATION

o]
—
.—O
3
+

-

JB JC

X, Y:

Xv, Xr:
Yu, Yr:

NOTE:

JA, JB, JC:

operation code,

auto-monitor level: 0, 1, 2, 3,

designates syllables for modification by index-register OOR,
Nofe. Ve el ionits s ”,..,..de.fwgi’

designates OOR as index-register. tvrleng @i mslen 0OR

bases of addresses of first word, first item, A, B, C pockets.

bases of addresses of first word, last item, A, B, C pockets.

word-counts, by which A, B, C are augmented before operation begins.
During "Cutoff" MERGE, AT, BT, CT are automatically augmented, and
indicate the point at which the MERGE terminated.

item length (number of words). OelL £ 99,

relative addresses, with respect to the first word of each item, of
words containing the major and minor control keys, respectively.

locations of left-most and right-most characters, respectively, of
major and minor control keys. ‘

if a single control key is used, it is specified by Y, Y., Yr.
X, Xt, Xr are then irrelevant, '

address of next instruction if A, B, C termination condition is
encountered in "Cutoff" MERGE,

V: wvariation designator:
Neat
'R Wf)g‘in‘:‘ Vi« A t b L C it 3’?’: Cutoff

MRGElc L A 7 ’B 3 MC< 1 MERGE
\[ K Na N!}, L N" - 0 one control key
2l ’ e | Y Y 1 two control keys

A e :

E ' i A A ®.C e })i?f,'tjt\\"'af Coest wegh Cst Tew 'Q'G\"m St““;\.
3 . \TA j% Ic. b, f‘}'\ Ne  Numbec of idem in each &W\n‘>

Lo tewoth of teeh afiae

i

. - . AAASE—
TV ..M-2 K Nuwmbex og. Ve ? (“\ o) "‘Ta AAALE
: . S o X ogw o h PersX REdQ
% A‘i‘_‘k& : R" totiue A ! o
YY‘-YR . " \ ' M“”" oy

Ta Ta 1. 2 Addvesn o& wext ynFyuetne

M P Vs
S 10w ( &4



INSTRUCTION FORMAT:
9 81716 5 4 3 2 10

Operation: '"Runout" MERGE (MRGE:R)

Operation Code: M (V = 2,3)

Op A

1 2 1 "y

Execution Time: (in micro-minutes)

ViM|S |R 19 FIXED
+ 1 1F INDEX REGISTER USED
AF + 1IF =V

10 PER COMPARISON OF AN A~ITEM WITH A B~ITEM

+

(12 IF 2-WORD KEY)
5 PER ITEM RUNOUT INTO C~POCKET

+

+

2 PER WORD MOVED INTO C-POCKET
{ INCLUDING ITEMS RUNOUT)

Op:

M:

S:

R:

A, B, C:
AF, BF :
AT, BT, CT:
Lt

X, Y

XL, Xr:

Yo, Yre
NOTE:

V:

operation code.

auto-monitor level: O, 1, 2, 3.

designates syllables for modification by index-register OOR,

-] . & y
Mete T L e
/("‘j tnt o et TOT

bases of addresses of first word, first item, A, B, C pockets.

designates OOR as index-register.

bases of addresses of first word, last item, A, B pockets,

word-counts, by which A, B, C are augmented before operation begins.
During "Runout!" MERGE, AT, BT, CT remain unchanged.

item length (number of words). 0<L < 99.

relative addresses, with respect to the first word of each item, of
words containing the major and minor control keys, respectively.

18%%5tions of left-most and right-most characters, respectively, of
major and minor control keys.

if a single control key is used, it is specified by Y, Yt, TR,
X, X1, Xr are then irrelevant.

In "Runout" MERGE, the next instruction in sequence is always

N Qa*ﬂ
executed, - ‘ -
RE Wy morec Ve WA X B F_C 7§
variation designator: ! :
| MReEiR L Al B . c
Runout | K Na : Ng ; g
MERGE ; : r
one control key 2 & B PADALY
two control keys 3
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DESCRIPTION OF:

MERGE

NOTES:

1)

2)

The comparison made by MERGE is the same as
that made by COMPARE ALPHANUMERIC.
Therefore, if the keys are numeric, all negative num-
bers (in sequence by increasing magnitude) will sort
behind all positive keys. MERGE may be made to
vield any desired sorting sequence, however, by using
ADD BINARY and COMPLEMENT BINARY
to transform the sorting keys.

If the keys are positive numbers, they may be
PACKED, and the operation of MERGE will be
unchanged. Alphabetic characters may be combined
in a single key with PACKED digits, by using IN-
SERT. Therefore, MERGE will operate over a 20-
character alphabetic field, over a 30-digit PACKED
numeric field, or over a field containing any propor-
tional combination of alphabetic characters and
PACKED digits.

START

Set Up: A @ AT as Address of next A item
B @ BT as Address of next B item
C © CT as Address of next C item

Assemble and store
key of next A item as Key A

Assemble and store
key of next B item as Key B

Is address of next A item > AF?

3)

4)

“Assembly of Key” mentioned in the Description,
takes place as follows:

The minor control key of the next A item is
transferred to a 20-character-long working register
(Ra), right-justified.

If two control keys have been specified, the
major control key of that item is next transferred to
Ra, right-justified against the left-most character of
the minor control key.

The contents of Ra is then the stored Key of the
next A item.

The key of the next B item is assembled and
stored in the same fashion in Rb.

Note that both the first and third words of the
MERGE Instruction are modified by the Index
Register.

A empty

&s address of next B item > BF?

B empty

(_é Runout MERGE?

yes

Is address of next C item > CF?

C full

Compare Key A with Key B
Key A smailer.
or keys ore equal

Iat o
U

Runout
MERGE

Cutoff MERGE

! ! |

R t
Key 8 smaller Address of next A item © A > AT orise
Address of next B item @ B > BT pocket
Address of next C item © C » CT
Store next B item Store next A item
as next C item as next C item r T 1
—_— - < full B empty A empty
Augment address of Augment address of Set CT Set BT Set AT
next B item ® L next A item ® L to zero to zero to zero
Assemble and store Assemble and store Next instruction
key of next B item key of next A item from JA
as Key B as Key A
Next instruction

from JB

Next instruction
from JC

Next Instruction

Augment address of next C item ® L
in Sequence

OVERFLOW ALARM: Will not be set by this Instruction.
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Runout MERGE

Suggested patterns of memory space allocation

for minimum space+requirements

If the number of items, or the item-length, is large, these Runout MERGES
can be accomplished with a considerable saving in Processor time by using

Cutoff MERGE:
- If the A-Exit is selected, the MERGE is complete, since runout would only

copy the. remaining items of B on top of themselves.

- If the B-exit is selected, reset the Instruction to Runout MERGE , .set BT
equal to BF ® L 6 B (i.e. ~ B ® BT will refer to the non-existent B-item
which immediately follows EF), and repeat the MERGE Instruction to accom-,
plish the runout of A.
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TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 OI11 1000 1001 1010 1011 1100 1101 1110 1111
00 0 1 2 3 4 5 6 7 8 9:@ ¢:seace & = 7
01 — A B C D E F G H 1:0 A:m n e p
10 + J K L M N OP Q R:% £:9% () /
1 * # § T U V W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 N syllable modified
1 C syllable modified 4 2 1
Sum Determines combination
of syllables modified.
If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3:  Interchange of syllables in ¢00

(¢00) before operation

A%

positive

negative




MOVE

This Instruction moves any designated number of

consecutive full words from one memory area to another.

OVERFLOW ALARM: Will not be set under any circumstances.
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INSTRUCTION FORMAT:

9 817‘6 th 312‘1110
OP 'Al INJ lCa
VIiM|S

DEFINITIONS:

Op:
M:

St

Operation: MOVE (MOVE)

Operation Code: N

fes No MOpe<cs M Pioe

operation code. MOVE

auto-monitor level: 0, 1, 2, 3.

designates syllables for modification
by index-register OOR,

designates OOR as index-register.

base of address of first word which is
to be moved.

as modified by (OOR), is an address-type
number which specifies how many consecutive
words are to be moved. :

base of address in which the first word
moved is to be stored.

variation designator;
only the sign of V is relevant.
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DESCRIPTION OF: MOVE

This is not a partial-word operation.
The full word [A] is transferred to [C] . Then the full word
[A ® 1] is transferred to [C ® I]. The operation proceeds until the

number of words specified by N has been moved.

Note that the first word moved is stored in its new location
before the second word is looked up, &c. Therefore, if C designates the
cell following the cell designated by A, then [A] will be copied into

each of the N following cells.
If N specifies that zero words shall be moved, the Instruction

moves zero words —— that is, it leaves the contents of the memory un-

changed.

OVERFLOW ALARM: Will not be set by this Instruction.
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TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 0 1 2 3 4 5 6 1 8 9:@ ¢:sme & = 7
01 — A B C D E F G H I:0 A:m n e p
10 + J K LMNU OTP QR R:% £:8%8 () /
11 *x # S T U V W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register

S-value

4 A syllable modified S-values of syllables

2 N syllable modified

1 C syllable modified 4 2 1

Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

—___—_—-—_————__———_—.—————————-—__-————_-—_——_——

TABLE IV-3:  Interchange of syllables in ¢00

(¢00) before operation

| P ] 1 Q 1
v (¢00) after operation
no branch branch
posiive P A L Py LT
negative P Q ® 2 Q ® 2 T,




PACK

This Instruction permits the programmer to take advantage of
the fact that only four binary bits are required to specify any numeric
digit. With numeric data, therefore, the storage space ordinarily oc-
cupied by the zero zone-bits of each digit is, in a sense, "wasted",

particularly in magnetic tape files.

PACK takes the thirty 6-bit characters in three consecutive
memory-cells, transforms them into 4-bit digits by discarding their zone-
bits, and stores them, fifteen to a word, in two consecutive cells., The
order in which the thirty characters appeared is not changed in this
transformation. The Instruction performs this operation on as many con-

secutive 3-word groups as may be specified.

If any character with a non-zero zone-bit is encountered, the

next Instruction to be executed will be selected from a "branch" address.

Since large portions of most files consist of numeric data, the
numeric portion of the file may be packed for storage, saving one-third
of the magnetic tape required to store that part of the file, with a

proportionate saving in tape travel time during file processing.

Wnile arithmetic operations cannot be performed on the data

in its pucked 4-bit form, all binary and logical operations can be per-

formed:
Extract Combine
Insert Distribute ("Normal® variation)
Add Binary ("Normal" variation) Merge
Complement Binary Move
Test Bit Sift
Compare Alpha-numeric Magnetic Tape Copy and Search

Compare Equality

In particular, note that MERGE and SIFT can be performed over

a 30-digit numeric key.

CusEELOW AT ASM:  Will not be set under any circumstances.
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INSTRUCTION FORMAT: Operation: PACK (PACK)

8 6.
9 171 S.A.B 21110 Operation Code: O
Oep , A N ,C |
ViM|S L d
R& Nol Oge«ci\ ulatye K AMTWB” uf Q
DEF INITIONS: PAcKlf || A N <
Opt, operation code. l I
M: auto-monitor level: 0, 1, 2, 3.
S: designates syllables for modification
by index-register OCR.
R: designates OOR as index-register.
A: Dbase of address of first word of
first 3-word group to be packed.
N: as modified by (OOR), is an address-type 05 N £299
number which specifies how many consecutive
3-word groups are to be packed,
C: base of address in which first werd of
first 2-word packed group is to be stored.
J: address of next Instruction, if any
character in the data to be packed contains
a non-zero zone-bit.
V: wvariation designator;

only the sign of V is relevant.

-9-2




DESCRIPTION OF: PACK
This is not a partial-word operation.

[A] is transferred to a 30-character-long working register
(Ra), left-justified. [A ©® 1] is transferred to Ra, left-justified
against the right-most character from [A] . [A ® 2] is transferred to
Ra, left-justified against the right-most character from Ao ;], com~
pleting the 30-character capacity of Ra.

At this point, we regard the contents of Ra as a "stream" of
180 bits, which flows from the left end of Ra, through a "valve", toward
the'left end of a 20-character (120-bit) long working register (Re).

As the first 2 bits flow from Ra, the valve is closed, and
those bits are lost. Then the valve is opened to permit the passage of
the next 4 bitis into Rec. Then the valve is closed again to discard the
next 2 bits, opened for the next 4 bits, and so on, until Ra has been

emptied.

The left-most 60-bits of Rc then replace [C], and the right-
most 60-bits of Rc replace [C ® 1. Then [A ® 3], [A 6 4], [A 6 5] are
packed, and put away into [C ® 2], [C ® 3]. The process is repeated until
N triplets have been packed. If N specifies zero groups to be packed, the
Instruction performs no operation, and leaves the contents of the memory

unchanged.

It will be seen that each pair of bits discarded in the packing
process comprises the zone-bits of one of the original characters in Ra,
and that the numeric bits of those characters are "packed tight" into Re.
The 20 characters into which each 3-word group is packed are "pseudo-
characters" which have no meaning in themselves, but which arise out of
the characteristics of the Processor, which in all other operations re-

gards information as being made up of 6-bit characters.

If any of the discarded zone-bits was a 1-bit, the next Instruc-
tion to be executed will be selected from J. However, the full N triplets

are always packed.

OVERFLOW ALARM: Will not be set by this Instruction.
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ILLUSTRATION OF PACK

In the following diagram, the 30 characters of the

3-word group to be packed are numbered from 1 to 30, in order

to 1llustrate the arrangement of information before and

after packing.

BEFORE PACKING

9 + 8 7 ¢ 6 5 1 & 3 2 1 1 0
Bo| #2 | B | #4 | #5 | #6 | #7| #8 | H | #0
# | #He | #13|#14 | #5 | #16 | #7 | #18 | #19 | #20
121 |#22 | #23 | #24 | 15 |#26 | 27 | #28 | #29 | #0
AFTER PACKING
9 , 8 7 1 6 Vs Lk i 3 12 1 1 0
#1 | #2| #3] #4| #5| #6| #7| #8| #9(# O # || # 2| # 3|#] 4 #5
HE|IHTIH8I#HIH20|#2 | |[#221#23(#24(#25|#26#27|#28/#29#50
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214

214

327

327

327

Example - PACK Instruction

Pack three words - starting at location 214, into two words,

starting with locatioh 327.

A
[00 0110 _ 00 0000 _ 00 0100 _ 01 0001 , 00 0011 , 00 0110%

VA

[0110___0000 0100 0001 0011 0110 %

The next Instruction will be taken froam the "Branch" address J,

since a non-zero zone bit appears in character-position 5 of cell 214,
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TABLE 1V-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF ,
BITS ZONE BITS { 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 111l
00 0 1 2 3 4 5 6 7 8 9:@ ¢:smee & = 7
01 - A B C D E F G H |:0 A:m n e p
0 | + J KL M NO®FPQ R:% £:8 () /
n [ 3 | x # S T U VWX Y Z:d siu v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 N’ syllable modified
1 C syllable modified 4 2 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

W

TABLE 1V-3: Interchange of syllables in ¢00

#00) before operation

v

positive

negative




UNPACK

This Instruction operates upon information which has pre-
viously been PACKED.

It regards the contents of two consecutive memory cells as a
collection of thirty L4-bit digits, adds a pair of zero zone-bits to
each of them, and stores the resulting thirty 6-bit characters in three
consecutive cells. The Instruction performs this operation on as many

2-word groups as may be specified.

UNPACK is the converse of PACK, and restores information to
precisely the same form as it had before it was packed (except, of
course, that any l-bits in zone-bit positions in the original informa-

tion will be replaced by O-bits).

OVERFLOW ALARM: Will not Be set under any circumstances.
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INSTRUCTION FORMAT: Operation: UNPACK (UNFK)
9 8 . 7 . 6 5 ) L 3 2 ' 1 0
orff , A N ,C

Operation Code: P

-y

ViIM|S |R

R&No nO?u'u\‘(hx'x\ A md B i C fjg

DEFINITIONS:
Opt operation code. UNPK A N C

M: auto-monitor level: 0o, 1, 2, 3.

S: designates syllables for modification
by index-register OOR.

R: designates OOR as index-register.

A: Dbase of address of first word of first
2-word group to be unpacked.

N: as modified by (OOR), is an address-type 02N =299
number which specifies how many consecutive
2-word groups are to be unpacked.

C: base of address in which first word of
first 3-word unpacked group is to be stored.

V: wvariation designator;
only the sign of V is relevent.
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DESCRIPTION OF: UNPACK

This is not a partial-word operation.

This Instruction regards [A] and [A ® 1] as consisting of
thirty 4-bit digits, packed by a PACK Instruction. It adds a pair of
O-bits as zone-bits to each L4-bit digit, reconstituting it as a standard
6-bit character, and stores the resulting 30 characters in [C], [C & 1],
and [C © 2].

Then [A ® 2], [A ® 3] are unpacked, and put away into [C © 3],
[c ® 4], [C ® 5]. The process is repeated until N pairs have been un-
packed. If N specifies zero groups to be unpacked, the Instruction per-

forms no operation, and leaves the contents of the memory unchanged.

OVERFLOW ALARM: Will not be set by this Instruction.

IV+P-3



327:

327:

214:

214:

Example - UNPACK Instruction

Unpack two words - starting at location 327, into three

words, starting at location 214.

%

A
[o1 1000 00 0100 . 00 0100 , 11 0110 %

N

(00 0110 00 0000 . 00 0100 , 00 0001 , 00 0011 ., 00 0110 <
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TABLE 1IV-1: Language Code

NUMERIC NUMERIC BITS
IONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 Ol11 1000 1001 1010 1011 1100 1101 1110 1111
00 0 1 2 3 4 5 6 1 8 9:@ ¢:smce & * 7
01 — A B C D E F G H 1:0 aA:m n e p
10 + J KL MNU OGP QR R:% £:8%8 () /
1 *x # S T U vV W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified 4 2 1
Sum Determines combination
of syllables modified.
If S = O, no Index Register is used, and R is irrelevant.

M

TABLE 1V-3: Interchange of syllables in ¢00

(£00) before operation

positive

negative




SIFT

The SIFT Instruction calls for a standard item (the sieve)
and a list of items, sorted acccrding to some key, which are to be com-
pared with the standard (that is, sifted through the sieve).

Those items in the list whose keys are less than, or equal to,
the key of the sieve will "pass through the sieve". The first item
whose key is greater than the key of the sieve will fail to pass through,

and will terminate the operation.

The Instiruction counts the number of items which have passed
through the sieve, and also counts the total number of words in those

items.

The principal uses of SIFT are:

1) For table lookup. The sieve is a dummy item, set up as
a structural image of the items in the list, and it contains the key
whose locaticn within the list is to be determined.

2) As part of a SIFT-SUMMARIZE operation, to summarize similar
items in a sorted list. The sieve is the first item in the list itself,
and SIFT counts the number of items (including the first) which have the
same key as the first item. SUMMARIZE then refers to this item-count, to
summarize the proper number of items.

The word-count is then used to augment an Index Register, and
the SIFT-SUMMARIZE operation is repeated, causing the operation to resume
at just the point where it previously stopped. The operation of SIFT-
SUMMARIZE-COUNT is repeated until the entire list has been summarized.

OVERFLOW ALARM: Will not be set under any circumstances.

IV-Q-1



INSTRUCTION FORMAT: Operation: SIFT (SIFT)

9 81716 5.1‘,3 2‘110 Operation Code: Q
OP /] A 1 3 B 1 Ll C L -,
Q& “o[n Ogerst W] Moo |V A if 1" T \%
SIFff | Ll AL D C
I X NGRS, |
. i 3t 3 D otoam i*‘
DE NS : A Desiaptes 1> Woes - item tn b
FH\IITIO » ﬁ')es«yﬂ‘x"5 lu werd 6{:' A e s\qu- ';Téww ,
Op: operation code. L Dewansin fecaiion im winda o hvs ave Ao be Saren
) Lo Lenath of each Tewn
M: auto-monitor level: O, 1, 2, 3. N Nowbednt Mews om bt
. . . K% Nuwmber of Keys O o %) Goy L SEE e
S designates syllables for modification XihKe : Qghﬂwt?w!\°ﬂacﬂﬁy'““\ avg) ot Tn
- by index-register OOR. Y Yo¥et Rededive coe tan o 3,k9wwﬁ\¢ ew.
R: designates OOR as index-register.
A: Dbase of address of first word, first
item in the list to be sifted.
The sieve must be a structural
B: base of address of first word of the  image of the items in the
sieve, list.
C: base of address in which the counts 2 8 .7 6 5 & 3210
are to be stored. Lo # Words | # Words | # Items
AF: address of first word, last item
in the list to be sifted.
L: item length (number of words per item) 0<«L £ 99
X, Y : relative addresses, with respect to
the first word of each item, of words
containing the major and mlnor control
keys, respectively.
Xt, Xr: locations of left-most and right-most characters,
YL, YrR: respectively, of major and minor control keys.
NOTE: X, X, Xr are not relevant if only one cdntrol is used.
v variation designator:

vV |- Specifies

O | one control kev

1 | two control keys

V-2



DESCRIPTION OF: SIFT
NOTES

1) The comparison made by this Operation is the same as that made by COM-
PARE ALPHANUMERIC. The Instruction is, therefore, designed to operate
upon data which has been sorted by use of MERGE.

2) Keys may be alphanumeric, PACKED numeric, or a combination, as in
MERGE. '

3) “Assembly of Key” is performed. as in MERGE.

START

Clear [C]

~ Set up A, as modified by (OOR),
as address of next item

Assemble and store
key of sieve as Key B

Assemble and store
key of next item as Key A

Compare Key A with Key B
Does this item pass through the sieve?

no: Key A is greater

yes: \

Key ‘A is smaller,
or the keys are equal

Augment:

<) Word Tally [C:86]® L
Word Tally [C:58]1@® L

Item Tally [C:20]® 1

Augment:
Address of next item ® L

Has the last item been sifted?
(Is address of next item >AF?)

ne ves it

\ ) ‘completed Y

Next Instruction
in Sequence

OVERFLOW ALARM: Will not be set by this Instruction.
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Example - SIFT used for Table Lookup

SIFT terminates when the first item is found whose control
characters are greater than those of the sieve. It will not terminate on an
"equal to" condition. This must be considered when using the tallies.

Assume the storage of the list of items shown below. Find the item
whose control number is 2067-9. Then store the contents of the 64-field of
the 1st word of that item, in 050:40 right-justified.

9876543210

273
274
275
276
277
278 987 654 1
279 921 {QI2 7 311 4 0
280 922 [1]joJolol3:.0 % SIFT
281 923 {2 91Jo 3 0
282
283 924 | J|2 7 0[¢ 09]0 50| Plant the &4-field
28l 925 [OlO]4]716 4]9 Ol4 O] of the desired
285 item into 050:40
286
287
288 141
289 142 "sieve"
290 143
291
292 NOTE: ¢09:90 is used as a "throw-away" cell
293 for the unused half of the DISTRIBUTE.
76543210
12J012[004]}

Location 007 is used as an Index Register by the DISTRIBUTE Instruc-
tion. The tallies stored in 007 include the item found. Therefore, it is
necessary for the DISTRIBUTE Instruction to use as a base address a location one
item-length before the beginning of the list of the items.

An example of SIFT used with SUMMARIZE appears on page IV-R-5,

V-0 ~4



SIFTING LONG TABLES

In dealing with long tables, considerable time can be saved by
sifting the table twice: the first time to learn what part of the table
holds the desired item, and the second time to locate the exact item.

This procedure is similar to that used in locating a specific
folder in a filing cabinet when each drawer bears a label showing the lowest
account-number filed in that drawer. The clerk first examines these labels
to learn which drawer to open, and then selects the desired folder from
within that drawer.

Suppose that the example on the preceeding page had required a
table of 104 items, We could use a coarse SIFT (in which the item-length
is stated as 30) to examine every 10th item in the table, and then a fine SIFT
which would have to examine no more than 10 items within the proper portion
of the table:

9 65463210
816 [Q[273[1 41007 Coarse SIFT. L = 30 causes every 10th item to
817 [1]0]0]O[3 0|9 9F be examined. In effect, we are sifting a table
818 [&{5 8 2|3 0]0 2 of 11 items.
819 [Qf2 4 3]1 4 1]¢ Fine SIFT. Since the large group containing the
820 |1]0|4]|713 O]9 9k desired item has already been tallied, this SIFT
821 Ei}5 8 2]0 3]0 2 is referenced 30 words before the actual table.
822 [6]0 0 7]¢ 0 90 O MODIFY ADD the result of the fine SIFT (409)
823 [o]oJolols 3]8 3]8 3 to the result of the coarse SIFT (007).
g2y, [1]24 0[8 2 5]0 50 Plant the proper field of the desired item. Since
825 [OJOTA[7[6 419 9[4 O this item has been tallied again, this Instruction

is referenced 33 words before the actual table. .

The fact that the last large group contains only 4 items, rather
~ than 10, need give no concern, since the AF specified in both SIFIS will
terminate them properly in all cases.

1V-Q-5



In using a double SIFT, it is important that the sum of:
the number of groups
plus the number of items per group
should be as small as possible. Thus, a table of 120 items might be
divided into:

3 groups of 40 3+ 40 =43
or 5 groups of 24 5+ 24, =29
or 6 groups of 20 6 + 20 = 26
or 8 groups of 15 8 +15 = 23
or 12 groups of 10 12 + 10 = 22
or 10 groups of 12 10 + 12 = 22
or 15 groups of 8 15+ 8 =23

and so on.

Since 12 and 10 comprise the pair of factors with the smallest
sum, the 120 items should be divided into 12 groups of 10 items, or into
10 groups of 12 items.

This same procedure may be extended to a triple SIFT for extremely
long tables. The items should be divided so that the three factors have
the smallest possible sum.

On the assumption that lookups are spread evenly throughout the
table, the minimum table-lengths on which it is worth-while to use
multip®® SIFTS are: '

Double SIFT Triple SIFT

1 eontrol key 30 items 900 items

2 control qusJk 25 items 400 items

IV-Q-6



TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
IONE VALUE OF
BITS JONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 111l
00 1 2 3 4 5 6 1 8 9:@ g¢ispace & °*
0 A B C D E F G H I:0O0 A:m n e p
10 J K LM NO®P Q@R R:% £:8 () /
1 * # S T U V W X Y Z:d s:u v w X
— — -
TABLE IV-2:  Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 B syllable modified
1 C syllable modified 4 2 1
1 1 1 i A 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

;

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

P Q,
v (¢00) after operation
no branch branch -
positive . Q @ 3 ]
negative . Q @ 3 ]

J: May be JC, J@




SUMMARIZE

This Instruction examines, in turn, a series of Items stored
inh the Processor Memory, and forms the arithmetic sum, for all the
Ttems, of the quantity appearing in a specified location within each
Item,

The summary total is stored in the C-putaway field, and also
in cell @O0O0.

If the summary total exceeds the capacity of the C-field, the
next instruction to be executed is selected from a "Branch Address"
specified in the Instruction; if the summary total also exceeds the
10-digit capacity of cell @00, the next Instruction to be executed is

selected from a different "Branch Address" specified in the Instruction.

OVERFLOW ALARM: Will not be set by this Instruction, since overflow

automatically causes a branch.

IV-R-1



INSTRUCTION FORMAT:
9 87 6 5 4 3 210

Operation Code: R

Op

VU

ALlAR BL Br

L [Ret Mo Mopecet

DEFINITIONS:

Ar, Ar:

b

Bi, Br:

CL, Crs

A 6 1¢
efh:%QTQCxqﬁ%__‘
de || |

1summ| | L
L l J;

operation code.

auto-monitor level: O, 1, 2, 3.
designates syllables for modification
by index-register OOR,

designates OOR as index-register.

base of address of first quantity to
be included in the Summary. :

locations of left-most and right-most
character-positions, respectively, of
quantity to be summarigzed.

base of address containing the number
of quantities to be summarized. This 0 =
number is an address-type number.

locations of left-most and right-most
character-positions, respectively, of

the field which designates the number

of quantities.

NOTE: Summary total is
also stored, with
sign, in @00:90

base of address in which summary total
is to be stored.

locations of left-most and right-most
character-positions, respectively, of
the C-field.

amount by which [A] is to be augmented
to find successive quantities to be

included in the summary. (L specifies
the length of the items.) '

address of next instruction, if summary Towos

- € ov-iv,s rﬂ e
total exceeds the capacity of (c]. '

5UV\\W\5\*(-> 1> LoW ;;\C*€<

address of next instruction, if summary
total exceeds the capacity of @00:90.

variation designator;
only the sign of V is relevant.
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DESCRIPTION OF:

SUMMARIZE

START
NOTES
Clear ¢ Tally 1) In the transfer of [B] to Rb, the zone-bits of the
right-most two characters are replaced by O-bits.
o 2) In the transfer of NEXT QUANTITY to Ra,
Store the number of quantities: zone-bits of all characters are replaced by O-bits.
[B:}z:) R:’. ('3; c:‘lgTrEac‘ters) ’ 3) The sign of each quantity is considered in per-
right-justified ( ) forming each addition to the Summary.
4) At the conclusion of the operation, the sign of the
Clear Re (10 characters) Summary Total is inserted as the sign-bit of [C],
and of (@ 00:90).
Set up A, as modified by (OOR),
as address of next quantity
Is the Summary completed?
Is Tally = (Rb)?
Putaway
(Re)>[C]
YES Putaway Was Would there right-
NO (Re)-> @00:90 *Overflow Rec” be overflow justified
(NOTE 4) mark set? in [C]? (NOTE 4)
0) NO NO
Next quantity > Ra
right-justified (NOTE 2)
Add next quantity to the Summary: YES YES
(Re) + (Ra)-> Rc (NOTE 3)
Take next
instruction
Has (Re) overflowed? in sequence
YES A 4
No ee ”
? Set **Overflow Re” mark Take next
. instruction
from JC
Augment: Tally @ 1
¥
Augment: Take next
Address of next quantity ® L instruction
from J@

OVERFLOW ALARM: Will not be set by this Instruction.

IV-R-3



Example - SUMMARIZE Instruction

Surmarize the amounts stored in partial word field 96 of the
third word of each of the following 3- word items:

273
7L
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290

292
293

o o lo

Location 412

[326l0932167]
Location 816 before

F3727610 04 099 5]
Location 816 after

9876543210

IV-R-4
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EXAVPLE

STFT and SUMMARIZE Instructions
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There is in memory a list of 35 one-word items
describing sales.
of merchandise, the salesman's number, and

the amount of the sale.

Cell 100

Summarize the sales by salesman; list the
number of sales made by each salesman. Then
accumulate total sales and number of
salesmen active this day.

Cell 200

Cell 300

387
388

>

( 389
390
391
392

393
394

395
396

397
398

\399
LOO

L0l
L02
L03

LOL
L05

They contain the class

98765L3210

[ccclss[ds

4" $~S’J

[Ss[#F#[56655 3]

5588358844

PROGRAM

876

543210

388

388002

0]0]o0

9 9[99l9 0

100

I 0 0[¢ 08

ol6[23

Slolo]l (o]l w»
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ADD: Clear (002).

SIFT: Tally the like
jtems in ¢08,

SUMMARIZE: The like
items.
COMBINE: Salesman's #,

and # of sales.
MOD ADD: Add 1 to
(002:20)

COUNT: Augment (002:93)
and test (002:86) for erd.

SUMMARIZE: Total sales.

Store number of
salesmen active
this day.



MAGNETIC TAPES

GENERAL

The following terms are used in this section:

SOURCE TAPE: Any magnetic tape from which information is
being read.

DESTINATION TAPE: Any magnetic tape upon which information
is being written.

ITEM: A body of information which it is convenient (in a
given context) to regard as a unit. Thus in one context, a
list of all the transactions affecting a single account may
be considered a single item; while in another context, each
jndividual transaction in the list may be considered an item.

FILE-ITEM: An item in the‘file; an account.

RECORD: A body of information, recorded on magnetic tape, and
bounded by a Beginning-of-Record Mark (BRM) and an End-of-
Record Mark (ERM). A record will often contain a single item;
however it may, at the programmer's convenience, contain
several items; or a single item may be divided into several
records.

GULP: All the information read from, or written on, magnetic
tape with a single Instruction. A gulp may consist of one,
or many, records.

CONTROL RECORD MARK (CEM): The character "v" (code 11 1101),
recorded in Character-Position L of the first word of a record.

CONTROL RECORD, CRM RECORD: A record containing a CEM, Such
a record is most often used as an End-of-File sentinel.

REJECT MARK: The character "w" (code 11 1110) recorded in
Character-position 3 of the first word of a record.

LEADER; TRAILER: At each end of a magnetic tape, there is a
portion of the tape upon which information cannot be recorded,
which serves to attach the tape to the reel, and which is
commonly referred to as the "leader". It is often important,
however, to refer unambiguously to the leader at one end of
the tape or the other; in order to avoid expressions such as
"leading leader" and "trailing leader", the two leaders are
herein referred to as LEADER and TRAILER, respectively.

IV-Tapes-1



The functions performed by the NCR 304 Magnetic Tape System are:

HEAD MAGNETIC TAPE
One or many records
Fixed or variable length records
All or part of each record
Index forward or backward without reading

WRITE MAGNETIC TAFE
One or many records
Fixed or variable length records

WRITE-COPY
Using Source and Destination Tapes simultaneously
Off-line Copy

WRITE-COPY-READ
Using Source and Destination Tapes simultaneously
On-line Copy

REWIND
Any Handler in the System
Off-line rewind :
Any number of Handlers simultaneocusly
The System has been designed to furnish the utmost in reliability
and convenience in providing for all non-routine circumstances which may
arise during Magnetic Tape operations. Many of these circumstances, such as

end of tape, reading error, or writing error, can be programmed for; all such

circumstances are automatically detected and identified by the system,

Circﬁmstances which cannot be programmed for, such as broken tape, or refer-
ence to a non-existent Controller or Handler, are also detected automatically,
and cause immediate termination of all Processor operations, with identifying
information displayed in the Control Console lights.

An important feature of the 304 Magnetic Tape System is its ability
to terminate any operation under a wide variety of automatically detected

circumstances. Termination may occur whether or not the Instruction, as

specified by the programmer, has been completely executed. If circumstances

are such that it is not practicable or advisable to execute a Magnetic Tape

IV-Tapes-2



Instruction at all, that Instruction is aborted; it is not executed, and an

alternate Instruction is automatically selected for execution instead.

"In order to provide this facility, every Magnetic Tape Instruction
designates, in the 20-field of the first word, an address J, which is the
location of the first word of a 3-word Jump Table. This table contains nine
addresses, or "exits" from the Tape Instruction; each exit corresponds to
some "non-normal" circumstance which may arise before, or during, execution
of the Instruction. Each of these circumstances will be detected automatically
whenever it arises, whereupon execution of the Instruction will be either
aborted or terminated, and the Processor will take its next Instruction from
the appropriate address in the Jump Table, If no "non-normal" circumstance
arises, execution of the Instruction terminates "normally", and the Processor

executes the next Instruction in the normal sequence.

In most operations, a single Jump Table may be used for all Magnetic

Tape Instructions,

The addresses in the Jump Table are numbered J1 through J9, and are

arranged in the following format:

9 81716 Slh 3 21110

Cell J W3, J2, L,
Cell J ® 1 Jé J5,. LIh
Cell J & 2 J9 I8, J7,

The detailed significance of each exit is shown in the Table which
appears at the end of this section. Briefly, the exits correspond to the

following respective circumstances, many of which can cause either "branch

IV-Tapes-3



without execution" or "branch after termination®, as appropriate:

J1 - Busy, or Use Lockout

J2 - Error during Read

J3 - Contrel Record Mark .

J4 - End of Destination Tape

J5 - End of Source Tape

Jé - Error during Write

J7 - Error during Non-Write portion of Write-Copy
or Write-Copy-Read.

J8 - Non-Equal Termination of Write-Copy or
Write-Copy-Read.

J9 —= Error during Write portion of Write-Copy or
Write-Copy-Read.

The branch conditicns are divided into two groups:
Branch without execution of the tape operation.

Branch after termination of the tape operation.

The conditions which cause branch without execution are the same

for all Magnetic Tape Instructions, and will not be repeated under the in-

dividual Instruction descriptions. They are:

- Controlier busy copying or repositioning

- Handler in Use Lockout state

- One of the following conditions had been encountered
during a previous off-line COPY on the same

<\ {- Handler busy rewinding
d .

Controller:
J1 - Error in copying
32 - "Inequality" termination

J§ - End of Source Tape
34 - End of Destination Tape

If any of these conditions exist, the current Magnetic Tape

Instruction will not be executed; instead, the Processor will select its next

Instruction from the appropriate address stored in the Jump Table named

by the aborted Instruction.

Once execution of an Instruction has begun, a number of circum-
stances may cause it to terminate, and some of those circumstances will

cause a branch after termination.
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The descripticn of each Instruction, in later pages, includes a
list of all conditions which cause termination of that Instruction. Some of
the conditions are defined as "normal", and cause the Processor to select the
next Instruction in the normal sequence. The other conditions are defined as
"non-normal” and cause the Processor to select its next Instruction from the
appropriate address stored in the Jump Table named by the terminated Instruc-

tion,

It will seem strange at first that many circumstances which terminate
execution of an Instruction while it is still incomplete are defined as
"normal" and do not cause a branch. However; in the design of the system, the
list of terminations which wers to be defined as "non-normal" was carefully

chosen for maximum convenience to the programmer,

READ TAPE in particular, may often terminate "normally" even though
execution of the Instruction is incomplete. Since the design philosophy of
the system must be understcod in crder to program it most effectively, some of
the unusuval terminations of READ TAPE, which are defined as "normal", will be

discussed in detail.

It must be understood, first, that although the READ TAPE Instruction

says "Read N records", it may slways terminate before the full N records have

been read, and this terminatiocn is definred as "ncrmal” if at least one record

has been read without incident. Therefore, the READ TAPE Instruction must be

interpreted as "Read nct more than N recerds", with the recognition that other

circumstances will determine exactly how many records are actually to be read.

In reading Magnetic Tape, the programmer must allocate an area of

memory to receive the information being read. In order to operate most
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efficiently, and minimize tape starts and stops, he should arrange to fill

this area as completely as possible with each READ TAPE Instruction.

If the file being processed consists of fixed-length records, there
is no difficulty in deciding how many records shall be specified in the In-

struction.

But if the file consists of variable-length records, there is no
way of anticipating, in advance of each READ TAPE Instruction, how many

records will fit into the allocated memory space.

Therefore the READ TAPE Instruction specifies:
"Read as many records (not exceeding N) as will fit
into the allocated memory space. Then terminate,
and note how many records were read."
The tally of the number of records read is automatically stored in
Cell @00, as described later, and in this case, the termination is defined
as "normal", if at least one reccrd has been read. With a single Instruction,
following the READ TAPE, the programmer then plants this tally in a COUNT
Instruction, so that the correct number of records will be processed, and

also in the succeeding WRITE TAPE Instructicn, so that the correct number of

records will be recorded on the updated file tape.

Even though fixed-length records are being precessed, a READ TAPE
Instruction may be terminated by a reading error, or by finding a Control
Record, before the full N records have been read. Unless the error record,
or the Control Record, is the very first record read, this information is of
no value at this point, since the preceding records read must be processed
and disposed of before dealing with the error record or Control Record.

Therefore, if at least one record has been read, before the error record or
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the Control Record, this termination is also defined as "normal"; and the

tally of records read, not including the error record or the Control Record,

is automatically stored in Cell @00. On the next repetition of the READ TAPE
Instruction, the Control Record or (if the error persists) the error record
will be encountered again, but this time it will be the first, and only,

record read. The Processor will branch after termination of the READ TAPE,

to execute that portion of the program which deals with READ errors, or with

Control Records,

Similarly, if READ TAPE is terminated by reaching the end of the
tape, less than N records will have been read, but as long as at least one
record has been read, the information that end-of-tape has been reached is
of no value until after those records which have been read are processed and
disposed of. Therefore, this termination, toco, is defined as "normal" if at
least one record has been read, and the tally of records read is automatically
stored in Cell @00. The next time the READ TAPE is executed, the end of the
tape will again be encountered, and the Instruction will terminate. But this

time. the Processor will not have read "at least one record"; no records will
9 3

have been read, and the Processor will branch after termination of the READ
TAPE, to execute that portion of the program which alternates Handlers so

that the next reel of the file may be processed.

Thus, by defining termination as "normal" whenever at least one
record has been read without incident, information about an unusual situation
is made available at just the moment when it can most efficiently and con-

veniently be used.

It is not necessary to discuss in detail other unusual terminations

of Magnetic Tape Instructions which are defined as "normal", since increasing
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familiarity with the system will bring out the reasoning behind the defini-

tions.

REJECT MARK:

A Reject Mark is the character "w' (code 11 1110) recorded in
character-position 3 of the first word of a record. Such a record will be
"rejected" by COPY and SEARCH, in the sense that the record will never cause
‘the operation to terminate, regardless of any correspondence between the
Search Key in the record, and the Search Control stored in Memory. A Reject

Mark has no significance during READ.

The Reject Mark is used with files in which items may be longer than
the maximum record-length (100 words); such items will be recorded as two or

more records -- a "first" record, and as many "trailers" as necessary.

In some files, each item consists principally of account number,
descriptive information, seve£aI balances, and a sequential list of transac-
tions. The main posting operation consists of locating each active account,
adjusting the balances, and adding the current transactions to the list. 1In
such a case, the balances will be carried in the last record, the account number

repeated in ‘each record, and every record except the last one for each file-item

will contain the Reject Mark, Then the COPY will stop on the last record for
each file-item, with iny this one record being brought into the Processor for
updating. There will be a periodic (perhaps monthly) operation in which the
descriptive information and transaction lists will be printed out, and each
file-item reduced to a single minimum-length record; this operation will re-
quire Reading and Writing every record, and the Reject Mark will have no signifi-

cance at that time,
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Some other files containing multi-record items, require that a good
deal of identifying information be stored in each "first" record, and various
operations on the file may call for different Search Keys. In order that a
ntrailer" record (containing information irrelevant to the Search) should
not, by coincidence, satisfy the Search Condition, the programmer need only

arrange to record the Reject Mark in every record except the first one for

each file-item, and the SEARCH or COPY will stop only on "first" records.

The presence of the Reject Mark in a "trailer" record nullifies, in effect,
the preceding ERM-BRM during the SEARCH or COFY, and therefore each file-item
is treated by the SEARCH or COPY as though it were a single record of in-

definite length.

CONTROL RECORD MARK (CRM):

A CRM is the character "v" (code 11 1101) recorded in character-
position 4 of the first word of a record. A Control Record will cause termi-
nation of any READ, COPY or SEARCH, with appropriate branches as specified in
the Jump Table. A commen use of the CRM is to mark the end of a file, or of

a section of a file.

If a record contains both a CRM and a Reject Mark, it will be

treated as a Reject Record by SEARCH and COPY, but as a CRM Record by READ.
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CELL @00

As its last act during execution, before permitting the Processor
to proceed to the next Instruction, every Magnetic Tape Instruction automati-
cally stores certain information about itself in Cell @00, where the program
may later refer to that information:

9.8, 7.,6,5 4,3 2,

1,90
Op|Co Sh DnfK | T Q

Op: Operation code of the Magnetic Tape Instruction which set up (@00).

Co, Sh, Dh: Controller, Source-Handler, Destination-Handler numbers actually
used by the Instruction.
i,e.-Those named in the Instruction, modified by the
contents of an Index Register.

K: Differentiates between: Busy or Use Lockout
Branch without execution
or after termination

T: After READ, Tally of number of complete records correctly read.
After any other Magnetic Tape Instruction, T = O,

Q: Address of the Instruction which set up (@00).

Significance of K:

After exit to J1 -- Leftmost bit-position of K contains:
1-bit if Handler is in Use Lockout state.
0-bit if Controller or Handler is busy.

After any other exit:

K = 0 if Branch after termination.
K # 0 if Branch without execution.
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INDEX REGISTERS and FILE MANAGEMENT

As with all other Instructions, the first word of every Magnetic
Tape Instruction can be modified by the contents of an Index-Register, as
specified by the S and R digits in the Instruction. For this function,
the A-syllable of the Instruction is treated just as though it wers an

address.

In examining the Instructicn formats, it will be seen that Co
(Controller number), Sh (Scurce-Handler number), and Dh (Destination-Handler
number) are specified in the same character-positions in every Magnetic Tape
Instruction, although Dk is irrelevant to some Instructions, and Sh is irrele-

vant to others.

As a result, it becomes quite convenient to designate all Magnetic
Tape Instructions referring to the Source and Destination Tapes of a single
file, as relative to the same Index-Register. Usually, in fact, every
Magnetic Tape Instruction will be written as though it referred to Controller
#0, Source-Handler #0, and Destination-Handler #0, with the actual numbers
being specified entirely in the Index-Register. Therefore, for example, to
charge Handlers in order to process successive reels of a long file, it is
sufficient to alternate a single digit in the Index-Register for the Source-
Handler or for the Destination-Handler, and then resume the program; each of
the many Magnetic Tape Instructions used in connection with that file will

thereby be modified to refer to the alternate Handler.
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ERROR CONTROL RECORD MARK END-OF-TAPE WARNING SIGNAL
BUSY OR USE-LOCKOUT DURING READ CRM ON DESTINATION TAPE END OF SOURCE TAPE
T 12 13 14 iS5

BUSY COPYINS WARNING ON DESTINATION TAPE DURING PREVIOUS END OF SOURCE TAPE DURING COPY PORTION

REWINDING WRITE~C0PYV ON SAME CONTROLLER. OF PREVIOUS WRITE-COPY ON SAME

REPOSITIONING CONTROLLER. Exir

00:55)¢ *+-*

(@00:55)¢ “+ (@00:88) = 0 (@00:55) % 0 WITHOUT EXECUTION

USE-LOCKOUT ON HANDLER
(@00:55) y, '+

ERROR IN THE FIRST RECORD READ.
TALLY IN @00:43 IS ZERO.

(@00:55) =0

CRM IN THE FIRST RECORD READ.
ONLY THAT RECORD IS READ.
THE TALLY IN @00:43 IS 1. (@00:55)—0

END OF TAPE WAS ENCOUNTERED BEFORE ANY
RECORDS WERE READ. -
TALLY IN @00:43 IS ZERO,
(@00:55) = 0

EXIT
AFTER TERMINATION

TO RE-READ THE ERROR RECORD.

TO READ THE RECORD FOLLOWING THE CRM RECORD.

AT THE TRAILER.

TAPE POSITION AFTER TERMINATION

Opm3

BUSY COPYING
REWINDING
REPOSITIONING

(@00:55)< “+“

USE-LOCKOUT ON HANDLER
(@00:55) ), “+*

WARNING ON DESTINATION TAPE DURING PREVIOUS
WRITE-COPY ON SAME CONTROLLER.

(@00:55) £ ©

END OF SOURCE TAPE DURING COPY PORTION
OF PREVIOUS WRITE-COPY ON SAME
CONTROLLER.~

(@00:55) ~ 0

EXIT
WITHOUT EXECUTION

ERROR IN THE FIRST RECORD READ.
TALLY IN @00:43 IS ZERO.

(@00:55) =0

CRM IN THE FIRST RECORD INDEXED OVER.
ONLY THAT RECORD IS INDEXED OVER.
THE TALLY IN @00:43 IS 1.
(@00:55) =0

END OF TAPE WAS ENCOUNTERED BEFORE ANY
RECORDS WERE INDEXED OVER.

TALLY IN @00:43 IS ZEROC.
(@00:55) = 0

EXIT
AFTER TERMINATION

READ RWFQME
ERROR RECORD.

TO READ THE RECORD FOLLOWING THE CRM RECORD.

AT THE TRAILER.

TAPE POSITION AFTER TERMINATION

UVPEION XMUZ=

BUSY COPYING
REWINDING
REPOSITIONING

(@00:55)< “+*

USE-LOCKOUT ON HANDLER
(@00:55)), -+

WARNING ON DESTINATION TAPE DURING PREVIOUS
WRITE-COPY ON SAME CONTROLLER.

(®00:55) £ 0

END OF SOURCE TAPE DURING COPY PORTION
OF PREVIOUS WRITE-COPY ON SAME
CONTROLLER.

(@00:55) # 0

EXIT
WITHOUT EXECUTION

LEADER WAS ENCOUNTERED BEFORE ANY RECORDS
HAVE BEEN INDEXED OVER.

TALLY IN @00:43 IS ZERO.
(@00:55) = 0

EXIT
AFTER TERMINATION

AT THE LEADER

TAPE POSITION AFTER TERMINATION

OXPEROPE XmMUZ-

BUSY COPYING
REWINDING
REPOSITIONING

(@00:55)C “+*

USE-LOCKOUT ON HANDLER

(@00:55), “+*

WARNING ON DESTINATION TAPE DURING PREVIOUS
WRITE-COPY ON SAME CONTROLLER.

{@00:55) # 0

END OF SOURCE TAPE DURING COPY PORTION
OF PREVIOUS WRITE-COPY ON SAME
CONTROLLER.

(@00:55) £ 0

EXIT
WITHOUT EXECUTION

WARNING SIGNAL DURING WRITE, ONLY IF V = 9,2
THE FULL N RECORDS ARE WRITTEN.
TAPE FROM LAST ERM TO TRAILER IS ERASED.
(@00:55) — 0

EXIT
AFTER TERMINATION

AT THE TRAILER.

TAPE POSITION AFTER TERMINATION

me-3%

BUSY COPYING
REWINDING
REPOSITIONING

(@00:55) ¢ “‘+*

USE-LOCKOUT ON HANDLER
(@00:55) ) “+*

WARNING ON DESTINATION TAPE DURING PREVIOUS
WRITE-COPY ON SAME CONTROLLER.

(@00:55) # 0

END OF SOURCE TAPE DURING COPY PORTION
OF PREVIOUS WRITE-COPY ON SAME
CONTROLLER.

(@00:55) = 0

EXIT
WITHOUT EXECUTION

EXIT
AFTER TERMINATION

TAPE POSITION AFTER TERMINATION

<900 | m==2FE

BUSY COPYING
REWINDING
REPOSITIONING

(@00:55) ( "+

USE-LOCKOUT ON HANDLER
(@00:55) ), “+*

WARNING ON DESTINATION TAPE DURING PREVIOUS
WRITE-COPY ON SAME CONTROLLER.

(@00:55) # 0

END OF SOURCE TAPE DURING COPY PORTION
OF PREVIOUS WRITE-COPY ON SAME
CONTROLLER.

(@00:55) £ 0

EXIT
WITHOUT EXECUTION

CRM HAS TERMINATED THE COPY-READ WITH
CRM RECORD IN THE MEMORY.
(@00:35) =0

ee———
WARNING ON DESTINATION TAPE DURING WRITE
OR COPY PORTION.

FINISH WRITING OR COPYING THE RECORD
DURING WHICH THE WARNING WAS SENSED.

ERASE DESTINATION TAPE TO TRAILER.
(@00:55) — 0

END OF SOURCE TAPE HAS TERMINATED
THE COPY-READ.

(@00:55) — 0

EXIT
AFTER TERMINATION

SOURCE TAPE TO READ THE RECORD FOLLOWING
THE CRM RECORD.

DESTINATION TAPE TO WRITE THE CRM RECORD.

SOURCE TAPE TO READ THE NEXT RECORD.
DESTINATION TAPE AT THE TRAILER.

SOURCE TAPE AT THE TRAILER.
DESTINATION TAPE TO WRITE THE NEXT RECORD.

TAPE POSITION AFTER TERMINATION

OPMIT | <V00 | M=2E




STANDARD TAPE EXECUTIVE PROGRAM

In writing the programs for any file-processing operation, the
programmer soon learns that processing the data is only part of his task,
He must also devote a good deal of attention and effort to a wide range
of problems, which may arise at any point during the processing operation,
and which are concerned with management of the file (as distinct from
processing the information in the file). File Management includes the
sequential processing of successive reels of Magnetic Tape within the
file, and proper handling of those input and output tapes which are rele-

vant to the file being processed.

Conditions such as Busy, End of Tape, Error, End of Input, End
of File, &c, must all be detected whenever they occur, and each condition
requires that appropriate "housekeeping" action be taken within the pro-
gram, These "housekeeping" chores are numerous, and may be classified

as follows:
1) Testing, in order to detect that some situation has arisen which re-
quires "housekeeping" action,

2) Identifying the condition, and branching to the proper subroutine to
take care of precisely that single condition.

3) Further testing and identifying, since two or more such conditions
might arise simultaneously,

4) Writing standard programs to perform those chores which are sub-
stantially the same for all file operations.

5) Writing a few additional programs for handling those conditions whose
significance is unique to the immediate operation being performed.

It has already been pointed out that the electronics of the

Magnetic Tape System automatically perform the first three functions.
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Not only is the programmer thereby relieved of a good deal of time-
consuming (and therefore expensive) effort, but it becomes impossible
for him to overlcck, and thus fail tc previde for, any circumstance or
combinatibn of circumstances whose possibility does not happen to occur

to him.

In crder that the programmer may alsc be relieved of the neces-
sity of providing for function 4, a Standard Tape Executive Program
(STEP) has been written to perform all routine chores for him. The pro-
grammer may, in a sense, lock upon STEP as having been "built in" to
the Processor since, from his pcint of view, it ceccupies no space in the

Processor Memory.

The entire STEP program is stored in the "special cells"
(€00-299, ¢00-¢99,J00~[099, A0O- A99), ieaving the full capacity of the

Main Memory available for the operating program and for data. No memory
space is sacrificed to these chores, and no program "overiays" are ever

necessary in order to perform them,

Even though the chores which STEDP performs for the programmer
are substantially the same for all file operations, there are many options
available to the programmer within STEP . He may wish to intervene with
some special programming of his own in the middle of an otherwise routine
chore, or he may wish to cmit certain features of STEP altogether; to do
any of these, he need merely specify to STEP which of the available op-

ticns he wishes to exercise.

The detailed characteristics of STEP have been published in a

separate manual, but they may be summarized briefly here:
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LABEL-CHECK:

The first record on each reel of Magnetic Tape will be recorded
as a descriptive label, containing File Name; Reel Number within
the File; Date Recorded; and (if desired) Date on which the in-
formation becomes obsolete, when the tape may safely be used for
other purposes,

Before permitting each new Scurce-Tape reel to be processed, STEP
verifies that the correct reel, of the correct file, recorded on
the correct date, is about to be processed.

Before permitting each new Destination-Tape reel to be processed,
STEP verifies (if desired) that the information previously re-
corded on this tape is obsciete; STEP then records a new label-
record on this tape, to identify it when it will later be used as
a Source-Tape. The programmer will specify, separately for each
file, whether or not this check is desired, and if so, he will
then specify the length of time fer which that file must be pro-
tected.

END OF TAFE:

ERROR:

DEFECTIVE

BUSY:

Rewind the Handler; set Use Lockout if desired; if this is End
of Source-Tape inform the operator (through the Console Typewriter)
which reel is now to be mounted on the rewound Handler; if this is
End of Destination-Tape inform the operator what label is to be
placed on the reel which is tc be removed from the rewound Handler.

If a multi-reel file is being processed, modify the appropriate
Index-Register so that the entire program now refers to the alter-
nate Handler; if Erd of Tape is encountered within what should be
a single-reel file (mo alternmate Handler specified), STEP will
type an appropriate alarm on the Conscle Typewriter, and halt the
Processor.

The programmer has the option of inserting a program of his own,
before the Handler is rewound.

Repeat a specified number of times; resume if satisfactory;
otherwise halt.

SPOT ON THE MAGNETIC TAPE SURFACE:

Automatically skip over all defective spots without attention from
the programmer or the operator; provide a record of the number of
such spots on each reel,

Wait; that is, continue to repeat the same Instruction until the
Controller is no icnger busy, and can accept the operation.
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The programmer has the cption, if there is alternative work to
be time-shared, of taking this exit cut of STEP, and pro-
gramming it himself.

USE LOCKOUT:

Halt, ready to resume. The programmer has the option of pro-
gramming this condition himself.

RESCUE POINTS:

BOOTSTRAP

EXECUTIVE

If desired, STEP will establish a rescue point each time a
reel of Magnetic Tape is rewound, and perform a "memory dump"
on a specified Magnetic Tape.

FOR RESCUE PROGRAM:

The Rescue Program reads the last "memory dump" back into
Memory, positions every reel of Magnetic Tape at the place
corresponding to the rescue point, and resumes execution of
the program from there.

Note that, since a rescue peint is established just before be-
ginning each new reel of Magnetic Tape, the latest rescue point
always corresponds to the precise reels of tape which are

mounted on the Handlers at any moment. Therefore, the rescue
procedure requires no manual reel-changing, and operates entirely
under the automatic control of the Rescue Program,

PROGRAM:

Furnishes a simple, convenient tool for proceeding from one
program to another, either automatically under program control,
or manually under operator control. All tape-exit conditions
which may arise while reading or recording program-tapes are
covered.

ALWAYS READ "N" RECORDS:

There are occasional circumstances in which the programmer,
having called for the reading of "N" records from a Magnetic
Tape, is not content with obtaining fewer than "N" records. He
then follows the READ with COMPARE NUMERIC; if "N" is greater
than (@00:43) he names as a branch address a specified cell
within STEP , whereupon a special subroutine will perform
all necessary "bookkeeping" and cause the remaining records to
be read into the proper area of Memory.

STANDARD HALT LOCATION:

It often happens that some exits cannot (theoretically) occur
while running certain programs. For example, a program which
does not use COPY is not expected to encounter conditions which
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can only arise during a COPY. Such exits might occur as the
result of malfunction or programming error; and in any case,
the 304 Magnetic Tape System requires that every branch be
specified, whether or not the programmer thinks it can occur.
For such branches, he will specify the Standard Halt Location
within STEP . From this point, a standard (and simple)
prescribed procedure will permit the operator to resume the
processing, invoke the Rescue Program, or call for a complete
re-run; each of these options may be chosen with or without

a printout of the contents of Memory.
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AS A CONSEQUENCE OF THESE FEATURES OF STEP,
THE ONLY TAPE CONDITIONS WITH WHICH THE
PROGRAMMER NEED CONCERN HIMSELF ARE:

3¢ CONTROL RECORD MARK:

#st INEQUALITY TERMINATION OF COPY:
Since the programmer may, in designing his program, attach
any significance he chooses to these two circumstances, STEP
does not provide for these exits. The programmer write his
own programs for these two circumstances.

s8¢ BUSY:
If the programmer wishes to time-share a COPY with processing,
he will, of course, program this exit himself. Otherwise he
will not concern himself with it.

A complete SUMMARY OF TAPE-EXIT TABLE appears on the following
pages, in which all possible Tape-Exit conditions are listed. This table
is, of course, quite formidable; yet it should be appreciated that (aside
from the comprehensiveness due to a highly sophisticated Magnetic Tape
processing system), the entries in the table are typical of the conditions
which must always be detected, identified, and programmed for, whenever

an Electronic Data-Processor uses Magnetic Tape Files.

This table, however, is of 1little more than academic interest
to the programmer, except as an indication of the amount of work which the
304 Magnetic Tape System, and STEP, have removed from his shoulders.
He may thus devote his entire time and effort to the processing job itself,
and write his programs as though all Magnetic Tape equipment remained

eternally perfect, and as though all Magnetic Tapes were in fact endless.
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SUMMARY OF

TAPE-EXIT TABLE

SHOULD TWO OR MORE CONDITIONS ARISE SIMULTANEOUSLY

DETECTED
BEFORE
EXECUTION

DETECTED
DURING
EXECUTION

THEY ARE TESTED IN THE FOLLOWING SEQUENCE:

/~ CONTROLLER BUSY.

PREVIOUS ERROR.

PREVIOUS INEQUALITY TERMINATION.
PREVIOUS WARNING ON DESTINATION TAPE.
PREVIOUS END OF SOURCE TAPE.

BUSY HANDLER OR USE-LOCKOUT.

EXCEED MEMORY ALLOCATION.

ERROR.

CRM.

INEQUALITY TERMINATION OF WRITE-COPY-READ.
WARNING ON DESTINATION TAPE.

END OF SOURCE TAPE.

NORMAL TERMINATION —
TAKE NEXT INSTRUCTION IN SEQUENCE

TAPE POSITION
AFTER TERMINATION.

TALLY IN @00:43

READ AT LEAST ONE RECORD;
TERMINATE BECAUSE:
N RECORDS READ.
CRM AFTER FIRST RECORD.
ERROR AFTER FIRST RECORD.
EXCEED MEMORY AFTER FIRST RECORD.
END OF TAPE AFTER FIRST RECORD.

TO READ THE NEXT RECORD.

TO READ THE CRM RECORD.

TO READ THE ERROR RECORD.

TO READ THE INTERRUPTED RECORD.
AT THE TRAILER.

NUMBER OF COMPLETE
JRECORDS READ CORRECTLY.

INDEX OVER AT LEAST ONE RECORD;
TERMINATE BECAUSE:
N RECORDS INDEXED OVER.
CRM AFTER FIRST RECORD.
ERROR AFTER FIRST RECORD.

END OF TAPE AFTER FIRST RECORD.

TO READ THE NEXT RECORD.
TO READ THE CRM RECORD.

TO READ THE ERROR RECORD.
AT THE TRAILER.

NUMBER OF RECORDS
INDEXED OVER.

INDEX OVER AT LEAST ONE RECORD;
TERMINATE BECAUSE:

N RECORDS INDEXED OVER.

BEGINNING OF TAPE AFTER
FIRST RECORD.

TO READ THE Nth RECORD.
AT THE LEADER.

NUMBER OF RECORDS
INDEXED OVER.

WRITE N RECORDS CORRECTLY.

[}
IFV= # NO END-OF-TAPE WARNING
SIGNAL ENCOUNTERED.

TO WRITE THE NEXT RECORD.

l WRITE THE RECORD WITHOUT ERROR.

ANY OTHER CIRCUMSTANCE DURING
EXECUTION IS TREATED AS OFF-LINE.

FOR TERMINATION OF OFF-LINE PORTION,
SEE OPPOSITE PAGE.,

EQUALITY TERMINATION OF COPY-READ.
THE TERMINATING RECORD IS IN THE MEMORY.

SOURCE TAPE
TO READ THE NEXT RECORD.

DESTINATION TAPE
TO WRITE THE TERMINATING RECORD.




—

ERROR ERROR ERROR
DURING WRITE DURING THE NON-WRITE PORTION OF WRITE-COPY OR WRITE-COPY-READ NON-EQUAL TERMINATION DURING WRITE PORTION OF WRITE-COPY OR WRITE-COPY-READ
)6 117 8 19
—

ERROR DURING THE COPY PORTION OF A PREVIOUS WRITE-COPY
ON SAME CONTROLLER.

INEQUALITY TERMINATION OF COPY PORTION OF
PREVIOUS WRITE-COPY ON SAME CONTROLLER.

TAPE POSITION AFTER TERMINATION

SOURCE TAPE TO RE-READ THE ERROR RECORD.
DESTINATION TAPE TO WRITE THE ERROR RECORD.

SOURCE TAPE TO READ THE TERMINATING RECORD.
DESTINATION TAPE TO WRITE THE TERMINATING RECORD.

EXIT
WITHOUT EXECUTION (@00:55) = 0 (@00:35) # 0
R
E —
A
b EXIT
AFTER TERMINATION
TAPE POSITION AFTER TERMINATION .
. ERROR DURING THE COPY PORTION OF A PREVIOUS WRITE-COPY INEQUALITY TERMINATION OF COPY PORTION OF
' EXIT ON SAME CONTROLLER. PREVIOUS WRITE-COPY ON SAME CONTROLLER.
N N .
D WITHOUT EXECUTION (@00:55) % 0 {@00:55) 0
X
F .
2
W EXIT
8 AFTER TERMINATION
D
TAPE POSITION AFTER TERMINATION |
ERROR DURING THE COPY PORTION OF A PREVIOUS WRITE-COPY INEQUALITY TERMINATION OF COPY PORTION OF
e ON SAME CONTROLLER. PREVIOUS WRITE-COPY ON SAME CONTROLLER.
1
N 00:55 0 00:55 0
D WITHOUT EXECUTION (©00:55) (@00:55) 7
E
X
8 .
A
X
x EXIT
: AFTER TERMINATION
D
TAPE POSITION AFTER TERMINATION
ERROR DURING THE COPY PORTION OF A PREVIOUS WRITE-COPY INEQUALITY TERMINATION OF COPY PORTION OF
EXIT ON SAME CONTROLLER. PREVIOUS WRITE-COPY ON SAME CONTROLLER.
WITHOUT EXECUTION (@00:55)  © (@00:55) % 0
w
R
l -
I ERROR IN ANY RECORD DURING SINGLE
EXIT OR MULTIPLE WRITE.
AFTER TERMINATION THE FULL N RECORDS ARE ALWAYS WRITTEN.
(@00:55) =0
TAPE POSITION AFTER TERMINATION [| TO WRITE THE NEXT RECORD. 1
ERROR DURING THE COPY PORTION OF A PREVIOUS WRITE-COPY INEQUALITY TERMINATION OF COPY PORTION OF
w —_— ON SAME CONTROLLER. PREVIOUS WRITE-COPY ON SAME CONTROLLER.
R
00:55) £ 0 (@00:55) = 0
1 WITHOUT EXECUTION (@o0:s%) #
E
c
“EXIT .85) —
v AFTER TERMINATION ERROR DURING WRITE PORTION.  (@00:55)=0
TAPE POSITION AFTER TERMINATION SAME AS BEFORE EXECUTION.
__
' ERROR DURING THE COPY PORTION OF A PREVIOUS WRITE-COPY INEQUALITY TERMINATION OF COPY PORTION OF
i ON SAME CONTROLLER. PREVIOUS WRITE-COPY ON SAME CONTROLLER.
w :55) £ 0 §
R WITHOUT EXECUTION (@00:55) +~ (@00:55) 0
T
: —
$ ERROR DURING THE COPY OR READ PORTION INEQUALITY TERMINATION OF COPY-READ. ERROR DURING WRITE PORTION.
° —_— OF WRITE-COPY-READ. THE TERMINATING RECORD IS IN THE MEMORY. THE FIRST § WORDS OF THE RECORD ARE OBLITERATED
R AFTER TERMINATION (@00:35) = 0 (@00:55) = 0 IN THE MEMORY.
E (@00:55)—0
A
D

SAME AS BEFORE EXECUTION.




Opma

EXIT
WITHOUT EXECUTION

EXIT
AFTER TERMINATION

TAPE POSITION AFTER TERMINATION

UIPETION XMOUZ~

EXIT
WITHOUT EXECUTION

EXIT
AFTER TERMINATION

TAPE POSITION AFTER TERMINATION

OIPEROPT XMUZ-

EXIT
WITHOUT EXECUTION

EXIT
AFTER TERMINATION

TAPE POSITION AFTER TERMINATION

LEET }

EXIT
WITHOUT EXECUTION

EXIT
AFTER TERMINATION

TAPE POSITION AFTER TERMINATION

<900 I m~i=-2E

EXIT
WITHOUT EXECUTION

EXIT
AFTER TERMINATION

1

TAPE POSITION AFTER TERMINATIO!

OPMT | <VOO | M= E

EXIT
WITHOUT EXECUTION

EXIT
AFTER TERMINATION

TAPE POSITION AFTER TERMINATIOI

TERMINATION OF MARKER TAPE POSITION AFTER TERMINATION
OFF-LINE PORTION OF WRITE-COPY SET SOURCE DESTINATION
INEQUALITY TERMINATION. J8
T0 READ THE TO WRITE THE
EQUALITY TERMINATION. NONE TERMINATING RECORD. TERMINATING RECORD.
CRM. NONE TO READ THE TO WRITE THE
CRM RECORD. CRM RECORD.
ERROR. 117 TO RE-READ THE TO WRITE THE
ERROR RECORD. ERROR RECORD.
WARNING SIGNAL ON DESTINATION TAPE 1a TO READ THE AT THE TRAILER.
DURING WRITE OR CoOPY. NEXT RECORD.
END OF SOURCE TAPE. 15 AT THE TRAILER. TO WRITE THE

NEXT RECORD.




TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 0 1 2 3 4 5 6 7 8 9:@ ¢:sce & °
0 -~ A B C D E F G H 1:0O Aim n & p
10 + J KL M NO® P Q R:% £:8%8 () /
11 * # S T U V W X Y Z:d s v w X
TABLE IV-2:  Modification of first word of Instruction by Index Register

S-value

4 CSD syllable modified S-values of syllables

1 J syllable modified 4 2 1

Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

1 P 1 1 Qi
(¢00) after operation
v
no branch branch
positive . Q ® 2 J,
negative . Q . ® 2 CJ,




REWIND

(AND SET USE LOCKOUT)

This Instruction initiates the Rewind of the tdpe
mounted on any Handler on any Controller. As soon as the Rewind
_has been started, control of the actual rewinding is transferred
to the Handler, and both the Processor and the Controller are
free to perform any other operations not involving that Handler.

At the programmer's option, this Instruction will also
set a Use Lockout on the rewound Handler, This Lockout will
prevent access to that Handler by any subsequent Instruction,

until the Lockout has been released by the operator.

IV-s-1



INSTRUCTION FORMAT: Operation: REWIND (& SET USE LOCKOUT)
(WIND)
9 8 17 ‘6 5 43210 Operation Code: S (LeCK)

Op Co, Sh Dh

v M|S |R | ( | Y
RS woltjopcn M A mp B C I
i - : |
DEFINITIONS: WIND Ho- ‘
L LoCeK g File 5
Op: operation code. ‘ \ ;
M: automonitor level: O, 1, 2, 3. \
S: designates syllables for modification \\
by index-register OOR, -
R: designates OOR as index-register.
Co: as modified by (OOR), specifies
controller number. \
Sh: as modified by (OOR), specifies E
number of the source-handler
used in current processing.
Dh: as modified by (OOR), specifies
number of the destination-handler
used in current processing.
.Fi ¢ file-number, used by STEP. See page
e IV-Tapes-12.
J: base of address of first word of
Jump Table.
Ve ég;riation~design§§9r: o ” 3
\ rs - y
Lo REWIND REWIND e
Abbreviation | oLy V specifies & LOCKoUT | Abbreviation
WIND:S 0 Rewind Sh. Dh irrelevant 2 LECK:S
WIND:D 1 Rewind Dh. Sh irrelevant 3 LOCK:D

IV-5-2



DESCRIPTION OF: REWIND (AND SET USE LOCKOUT)

In order to achieve maximum convenience of tape-management by
using Index Registers, this Instruction can cause the rewind operation
to be executed on any Handler, whether specified in the Source-Tape
position, or in the Destination-Tape position, of the Instruction.
| As soon as the REWIND signal has been transmitted to the
specified Handler, both the Processor and the Controller are free from
the operation, and complete control is transferred to the Handler.

The Instruction may specify that a Use Lockout shall also be
placed on the Handler. This lockout will cause a "branch without execu-
tion" of any subsequent Instruction which refers to that Handler, and
the Processor will at that time select the next Instruction from one of
the alternate addresses listed in the JuméiTable whose location is
specified, in the Instruction not executed, by J.

The only circumstance which can be programmed for, which will
terminate REWIND, is reaching the Leader at the beginning of the tape.

Any circumstance which cannot be programmed for, if detected
before the REWIND begins, will cause an error-halt, with appropriate
indication in the Console lights. If such a circumstance arises during
the REWIND, a "halt marker" will be set in the Controller, as in WRITE-

COPY,

Complete details of terminating conditions are shown on page
IV-S-4.

IV-S-3



TERMINATING CONDITIONS for REWIND

CAUSE OF TERMINATION

RESULT

Non-existent Controller, or two
Controllers have the same number

Processor ‘‘Hang-Up"

Non-existent Handler, or two
Handlers have the same number

Controller Error-Halt

No Tape, or Broken Tape

Controller Error-Halt

Broken Tape during Rewind

Handler Error-Halt

Beginning of Tape

Stop Rewind, await next Instruction.

if specified, set Use Lockout.

IV-S-4

I\

> BEFORE REWIND

DURING REWIND



TABLE IV-1: Language Code
NUMERIC NUMERIC BITS
IONE VALUE OF
BITS JONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 1 8 9:@ ¢:sacE & = 7
01 A B C D E F G H 1:0 A:m n e p
10 J K LM NO®TPQQR R:% £:8% () /
11 # S T U V W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 CSD syllable modified S-values of syllables
2 B syllable modified
1 J syllable modified 4 L2 1
Sum Determines combination
of syllables modified.
If S = O, no Index Register is used, and R is irrelevant.
TABLE IV-3: Interchange of syllables in ¢00
(¢00) before operation
e ] e
v (¢00) after operation
no branch branch
positive PR ® 2 P I
negative P Q ® 2 Q ® 2 J




READ MAGNETIC TAPE

It is most convenient to describe the READ TAPE Instruction

as though each of its four major functions were a separate Instruction:

Read Complete Records Page IV-T-2
Read Partial Records Page IV-T-4
Index Forward Without Reading | Page IV-T-4
Index Backward Without Reading Page IV-T-6

Each of the first three functions will be terminated by a

Control Record. Such a record was identified when it was recorded, by

storing a Control Record Mark ("v" —- code 11 1101) in character-

position 4 of the first word of the record.

A1l functions will automatically detect the physical end of
the tape, and set up appropriate conditions to permit this circumstance

to be conveniently handled by the program.

All functions will operate on records of either uni form. or

varying length.

V-T-1



INSTRUCTION FORMAT:
9876 5 L3210

Operation: READ COMPLETE RECORDS(RED
Operation Code: T (V = 0) ‘

lJ "
Z
""" T T Riweoe e R A0 m ¢ il
DEFINITIONS: _ _|IREAP} NI fae B 2|
Op: operation code. W’REM)[T' _ File — — A

M: automonitor level: O, 1, 2, 3.

S: designates syllables for modification
by index-register OOR,

R: designates OOR as index-register.

Co: as modified by (OOR), specifies
controller number.

Sh: as modified by (OOR), specifies
source-handler number (handler whose
tape is to be read).

B: base of address into which first word
of first tape-record is to be read.

IV-Tapes-12.

N: number of records to be read.

00< N < 99

Z: number of words of processor memory
allocated for information to be read.
Z is an address-type number.

J: Dbase of address of first word of
Jump Table.

V: wvariation designator:

file-number, used by STEP. See page

N

If N = 0 the Instruction only

V = 0 specifies READ Complete Records.

v-T-2

tests for branch before
execution, and does not
move tape. (READ:T)



DESCRIPTION OF: READ MAGNETIC TAPE (Read Complete Records)

The Instruction specifies that the next N records (whether of
uniform or varying length), on the tape mounted on the specified Handler,
shall be read into memory. The first word of the first record is to be
stored in Cell B, and successive words read from the tape are to be stored
in successive memory cells, B®L, B®2, etc. The operation terminates with
the tape repositioned to READ again.

It is important to appreciate the fact that Record-Marks
(BRM-ERM) exist only on Magnetic Tape, and are not recorded in Memory.
Thus, once information has been read into Memory, the Magnetic Tape
records losé their individual identities, as such, and become simply a
string of items.

The Processor is free to proceed with the next Instruction as
soon as the last character of the last record has been read. Stopping and
repositioning the tape after the READ are supervised entirely by the
Controller.

A number of circumstances, all of which can be programmed for,
will terminate execution of the READ, with fewer than N records actually
having been read. Some of these circumstances are defined as "normal"
and will cause the Processor to select the next Instruction in the normal
sequence; the others will cause the Processor to select the next Instruc-
tion from one of the alternate addresses listed in the Jump Table whose
location is specified by J.

Whether or not the full N records have been read, the Processor
will always automatically store in @00:43 a tally of the actual number of
complete records correctly read.

Any circumstance which cannot be programmed for, will cause an
error-halt, with appropriate indication in the Console lights.

Complete details of terminating conditions are shown on page
w-T-8.

-Tr-3



Operation: READ PARTIAL RECORDS (READ:P)
or
INDEX FORWARD (INDX:F)

INSTRUCTION FORMAT: Without Reading
9 876543210 Operation Code: T (V = 2)
[ J A
RN I (RNt [ N B =X A S
READ [P N File : ICRE w
DEF INITIONS: | READ Ti __Rled . i F‘\
Op: operation code. ! INDRIF. N File T b= \
M: automonitor level: O, 1, 2, 3. ‘
St designates syllables for modifiecation ]
by index-register OCR. :
R: designates OOR as index-register.
Co: as modified by (OOR), specifies ‘
controller number. !
Sh: as modified by (OOR), specifies ;
source-handler number (handler whose j
tape is to be read). :
B: base of address into which first word
of first tape-record is to be read. ;
f
i file-number, used by STEP. See page f
— IV-Tapes-12.
N: number of records to be read. If N = 0 the Instruction only
00<€ N <« 99 tests for branch before
execution, and does not
move tape.
W: number of words to be read from If W = O the Instruction becomes
each record (the first W words) INDEX FORWARD N Records
000 ¢« W £ 099 without reading.

.B 1% irrelevant.

I e e e i

J: Dbase of address of first word M:Lnlmum record is W ® 1 words .

of Jump Table.,

—

V: variation designator: R —
V = 2; specifies READ Partial Records
or INDEX FORWARD without reading.

e e et i

IV-T-4



DESCRIPTION OF: READ MAGNETIC TAPE (Read Partial Records or Index Forward)

The Instruction specifies that the first W words from each of the
next N records (whether of uniform or varying length), on the tape mounted
on a specified Handler, shall be read into memory. The first word of the
first record is stored in Cell B, and successive words read from the tape
are stored in successive memory cells, BO®L, B82, etc. After the first W
words of a record have been read, the balance of that record is ignored
(although all accuracy-checks are made on the complete record), and the
first word of the following record is stored in the next successive memory
cell. The operation terminates with the tape repositioned to READ again.

It is important to appreciate the fact that Record-Marks (BRM-ERM)
exist only on Magnetic Tape, and are not recorded in Memory. Thus, once
information has been read into Memory, the Magnetic Tape records lose their
individual identities, as such, and become simply a string of items.

The time required to read the first W words of each record is
exactly the same as that required to read each record completely, since the
Processor is occupied during the entire length of each record. However, if
all the desired information is in the early portion of each record, then
reading only a portion of each record will permit more records to be read
in a single "gulp", and result in a saving of time because fewer tape
accelerations will be required. Furthermore, even though the complete
records may be of varying length, the portion of each record containing the
desired information may be of uniform length, with a resulting increase in
programning convenience.

The Processor is free to proceed with the next Instruction as
soon as the last character of the last record has cleared the Read Head.
Stopping and repositioning the tape after the READ are supervised entirely
by the Controller.

If the Instruction specifies that the first zero words of each
record shall be read, the Instruction becomes Index Forward.

A number of circumstances, all of which can be programmed for,
will terminate execution of the READ, with fewer than N records actually
having been read, or indexed over. Some of these circumstances are defined
as "normal" and will cause the Processor to select the next Instruction in
the normal sequence; the others will cause the Processor to select the
next Instruction from one of the alternate addresses listed in the Jump
Table whose location is specified by J.

Whether or not the full N records have been read, or indexed
over, the Processor will always automatically store in @00:43 a tally of
the actual number of records read, or indexed over.

Any circumstance which cannot be programmed for, will cause an
error-halt, with appropriate indication in the Console lights.

Complete details of terminating conditions are shown on page
IV-T-8.

IV-T-5



Operator: INDEX BACKWARD (INDX:B)
INSTRUCTION FORMAT: Without Reading

9 8‘77 6 5 4L 3 2 1 Operation Code: T (V = 4)

R o Mo A s F ¢ TR

DEFINITION .
ITNDRB N fie

Op: operation code. i

R

L.

M: automonitor level: 0, 1, 2, 3.

S: designates syllables for modification
by index-register OCR,

R: designates OOR as index~-register.

Co: as modified by (OOR), specifies
controller number.

Sh: as modified by (OOR), specifies
source~-handler number (handler whose
tape is to be indexed).

T3 : file-number, used by STEP. See page
— IV-Tapes-12.
N: number of records to be indexed over. If N = O the Instruction only
00 £ N £ 99 tests for branch before
execution, and does not
J: base of address of first word of move tape.
Jump Table.

V: variation designator:
V = L; specifies INDEX BACKWARD without reading.

W-T-6



DESCRIPTION OF: READ MAGNETIC TAPE (Index Backward)

The Instruction specifies that the tape mounted on a specified
Handler shall be indexed backward N records (whether of uniform or vary-
ing length), without reading. The operation terminates with the tape
repositioned to READ.

aqdler)encounters the Leader at the beginning of the
a - yp I strvetion .

tape, beferé—the—futtN—reeords—hoveLesn-—+naoxea——s er, the Processor
will select the next Instruction from one of the alternate addresses

listed in the Jump Table whose location is specified by J.

Whether or not the full N records have been indexed over, the
Processor will always automatically store in @00: 43 a tally of the
actual number of records indexed over.

Any circumstance which cannot be programmed for, will cause
an error-halt with appropriate indication in the Console lights.

Complete details of terminating conditions are shown on page
v-T-8.

v-T-7



8-L-Al

APPLIES TO

w ) g TERMINATING CONDITIONS for READ MAGNETIC TAPE
wigl|gl=
&= 3|
T x| g
3282
ala|x|x NEXT AFTER EXECUTION
Iis|afa CAUSE OF TERMINATION INSTRUCTION TAPE REPOSITIONED TALLY IN (@00:43) REMARKS
dlx|z|2 TO READ
x | x| x | x| Ncomplete correct records Sequence Next Record N
x| x| x in 1st record From J3 Next Record 1 CRM Record is read or
Indexed over
CRM .
x| x|x after 1st record Sequence CRM Record # Records CRM Record not read
‘ . or Indexed over
. P
X Exceed Memory during st record Erru?::s;z:t Incomplete Record (o}
Allocation =
x after 1st record Sequence Incomplete Record # Records Complete
X | x| x|x End of Tape before 1st record From J§ Trailer or Leader (@]
or )
X | x| x|x | Beginning of Tape after 1st record Sequence Trailer or Leader # Records
x| x|x in 1st record From J2 Error Record o Error Record in Memory
Error
x| x|x after 1st record Sequence Error Record # Records correct
Processor
X Record Less than W@l Words Error-Halt
x| x { x | x| Failure of Timing-Check Controller
Error-Halt
x| x| x | x| Failure BRM-ERM Alternation Controller After Indexing Backward, Tape repositioned
Error-Halt .
to read the Nth record.
x | x | x | x | Non-existent Controller, or two Processor ) N
Controllers have the same number “Hang-Up” @ After Indexing Forward, Tape repositioned
to read the record following the Error Record.
X | x | x | x | Non-existent Handler, or two Controller
Handlers have the same number Error-Halt
Controller

No Tape, or Broken Tape

Error-Halt




TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 0 1 2 3 4 5 6 7 8 9:@ ¢:seace & * 7
01 — A B C D E F G H |I:0 A:m n e p
10 + J K L M N ©® P Q R:% £:8%8 ( ) /
1 * # S T U V W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 CSD syllable modified S-values of syllables
2 B syllable modified )
1 J syllable modified 4 2 1
i 1 1 1 i 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE 1V-3:  Interchange of syllables in ¢00

(¢00) before operation

1 P 1 1 Q 1
v (#00) after operation
no branch branch
positive R 7y
negative 1 Q @ 2 5




FIRST:

THEN ¢

WRITE-COPTY
COPY
SEARCH

The WRITE-COPY Instruction requires the assignment of two Handlers
{Source and Destination) on a single Controller. The Instruction per-
forms three functions:

1) Write cne record, of a specified length, on the Destination Tape.
This funetion may be omitted at the programmer's option, in which
case the Instruction becomes COFY.

2) Copy the records from the Scurce Tape onto the Destination Tape.
This function may also be omitted at the programmer's option, in
which case the Instruction becomes SEARCH,

3) Examine each record on the Source Tape to determine whether it
satisfies a set of conditions specified in the Instruction. When
suzh a record has been found, execution of the Instruction termi-
nates with the tapes properly repositioned to read that record from
the Source Tape, and to write it on the Destination Tape.

TImmediately upon the conclusion of funection 1 (the writing of one
record), control of the balance of the operation is transferred from the
Processor to the Controcller as soon as the last character of the recor
has been verified by the Read-Check Head, and the Processor is free to
proceed with the program while the Controller independently performs
funetions 2 and 3. During this shared time, the Processor may perform,
without restriction, any other operation whatever which does not reguire
the use of that Controller; this includes all operations on other Con-
trollers which may be part of the system,

Function 2 operates as a continuous flow of information from the
Source Tape to the Destinaticn Tape. Both tapes move at full speed
throughout the operation, and since there are no inter-record gaps on
either tape, no time is lost between records.

Function 3 may be conducted either as an Equality Search or as a
Range Search. Equality Search terminates when a record is found whose
key is identical in every character-position with the Search Control Word
stored in Memory. Range Search terminates on any record whose key is
either greater than, or equal to, the Search Control Word, where ''greater
than" is defined as following according to the alpha-numeric sorting se-
quence of the Processor code as shown in Table IV-1. The Search Control
Word may be split into two portions, with independent searches of either
type specified for each portion. It may also contain "ignore" characters
wu? (Code 11 1100), which are “equal to anything".

A record may contain a Control Record Mark (»y" - Code 11 1101) in
character-position 4 of the first word, and will then always terminate a
SEARCH or COPY. A record may contain a Reject Mark (»w" - Code 11 1110)
in character-position 3 of the first word, and will then never terminate
a SEARCH or COPY. If both marks are present in the same record, the
Reject Mark takes precedence.

wau-1



INSTRUCTION FORMAT:
981716 51h13 zllLo

Operation: WRITE-COPY (WC)

COPY (cepy)

Operation Code: U

Op COIShJDH 1 B 1 lJ [R‘\ NOHOVQ‘('Q* \/ n!‘)“;\ & L A f o 6 ‘r (— !137
SRR we LIR 2 B i
VIM|S|REFYD (Y] | L { ﬂ‘h; N F\_a — i 1.'._ E :
..... i | |
cofy] [hixd: \lg’f‘;ie o) ; - §
DEFINITIONS: B o R I | R O
Op: operation code. For 5‘;"““‘ ?"e P?ﬂg Cori W H““""’" N
; . . T
M: automonitor level: O, 1, 2, 3. // f
S: designates syllables for modification 4
by index-register OOR, i
R: designates OOR as index-register, /f
Co,Sh,Dh: as modified by (OOR), /If Dh = 8 or 9, the Instruction
specify controller number, / becomes SEARCH, L is irrelevant.
source-handler number and IB 9.1] remains as search control
destination-handler number. ; words.,
B: base of address from which first '
word of tape-record is to be
written,
B © 1: base of address of search control wordj May contain "ignore" character (u).
1
L: 1length of record to be written. g Minimuig}ength of written record
5~ L £100 i is words.
. elo i If L = 0, no record is written, and
»F4 ¢ file-number, used by STEP. See the Instruction becomes COFY,
D: divides search control word into ' 0=D <7
right-hand (RH) and left-hand (LH) ! No portion of the Search Key may
portions. D is number of ; lie wholly within the 30-field
characters in REH portion. of the first word of a record.
Y: relative address, with respect to 0<Y =7
first word of each record, of
Search Key.
J: base of address of first word of /
Jump Table. !
V: variatio?/Eesignafaf?W“““““““““”” é
Stop o LH RH T Stop Marker Set for
[EI Search Search BOTHy 4 || "Inequality" Termination ?
0 €&t Equality| Equality 1 EAE No
2 EO6R| Equality| Range 3 €AR If Greater found on RH
L, Ree| Range Equality 5 RAEZ If Greater found on LH
6 RoR{| Range Range 7 RAR If Greater found on LH
If D=0: V = 0,1,2,3 causes Equality Search
V = 4,5,6,7 causes Range Search

Iv-y-2



' DESCRIPTION OF: WRITE-COPY

Write: A single record, of the specified length, is recorded on the
tape mounted cn the Destination Handler. The record which is to be recorded
is stored in Cell B and in successive memory cells B®l, B®2, etc. As soon as
the WRITE is completed and checked, the Processor is freed from the operation,
and control is transferred to the Controller. If a zero-length record is
specified, the WRITE is omitted.

Copy: Without stopping the Destination Tape, the Source Tape is set
in motion, and the information from the Source Tape flows through the Controller
to the Destination Tape, and is written there. If the non-existent Handler
Number 8 or 9 is specified as the Destination Handler, the WRITE and COFY are
omitted.

Search: While the information from the Source Tape is passing
through the Controller, a specified Search Key in each record is examined by
the Controller and compared with the Search Control stored in Cell Bel. When
the Search condition is satisfied, the operation terminates with the Source
Tape repositioned to READ the terminating record, and the Destination Tape
repositioned to WRITE the terminating record, and the Controller awaits another
Instruction from the Processor.

Two circumstances, both of which can be programmed for, may arise
during the WRITE: Error during writing
End-of-tape warning signal

In both cases, the operation terminates without initiating the COPY
and SEARCH. In case of error during the WRITE, the Processor selects the
next Instruction from one of the alternate addresses listed in the Jump Table
whose location is specified by J in the terminated WRITE-COPY Instruction.

In case of end-of-tape warning during the WRITE, a "pranch-marker" is set in
the Controller, which will cause the next Instruction addressing that Con-
troller (presumably a READ) to branch without execution, as described below,

Any circumstance arising during the WRITE, which cannot be pro-
grammed for, will cause the entire system to halt, with appropriate indication
on the console lights.

The COPY and SEARCH will normally terminate on "equality" (as de-
fined on the opposite page). However, a number of other circumstances, all
of which can be programmed for, may also terminate the operation; in some of
these cases, a "branch-marker" will be set up in the Controller. The next
time any Instruction refers to that Controller, this marker will be detected,
and that Instruction will branch "without execution"; instead of executing
that Instruction, the Processor will at that time select the next Instruction
from one of the alternate addresses listed in the Jump Tahle whose locaticn
is specified, in the aborted Instruction, by J.

Any circumstance arising during the COPY and SEARCH, which cannot
be programmed for, will terminate the operation, and set a "halt marker" in
the Controller. The next time any Instruction refers to that Controller,
this marker will be detected, and cause an error-halt, with appropriate in-
dication in the Console lights.

Complete details of terminating conditions are shown on page LV-U-4L.

V-U-3



TERMINATING CONDITIONS for WRITE-COPY

SOURCE TAPE
REPOSITIONED
TO READ

DESTINATION TAPE
REPOSITIONED
TO WRITE

CAUSE OF TERMINATION RESULT

Error during WRITE Next Instruction from J9 Same as start of Instruction

Attempt to record a record of less
than }l{,or more than 100, words
o :

Processor Error-Halt

All other error conditions listed for
WRITE (page IV-W-4)

Same as for WRITE

Search Control all “ignores”

Copy is aborted.

First record on the

Record following the

J

ALRIM 3NIT-NO
ONRING

No branch marker set Source-Tape written record

“Equality” termination of COPY o No branch marker set Terminating Record Terminating Record

“Inequality” termination of COPY o Set marker for branch to J8 Terminating Record Terminating Record

CRM No branch marker set CRM Record CRM Record

P-N-Al

End-of-tape warning on Destination
Tape during WRITE

Trailer.
The record is written

Set marker for branch to J4 Same as at start

End-of-tape warning on Destination

Tape during COPY Set marker for branch to J4

Next Record Trailer

End of Source Tape during COPY Set marker for branch to J5 Trailer Next Record

Error during COPY Set marker for branch to J7

Error Record Error Record

Failure of Timing-Check

Controller Error-Halt

Failure alternation BRM-ERM
during COPY

Controller Error-Halt

Broken tape during COPY

Controller Error-Halt

Attempt to COPY onto Trailer

Controller Error-Halt

@ Defined on page IV-U-2

AdOD 3NIT-440 ONIING



TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 110t 1110 1111
00 1 2 3 4 5 6 7 8 9:@ ¢:sce & = 7
01 A B C D E F G H 1:0 A:m n e p
10 J KL M NO®PQQR:% £:8% () /
11 # S T U V W X Y Z:d s:u v w X
TABLE 1V-2: Modification of first word of Instruction by Index Register
S-value
4 = CSD syllable modified S-values of syllables
2 B syllable modified
1 J syllable modified 4 2 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

TABLE IV-3: Interchange of syllables in ¢00

(£00) before operation

P Q,
v (¢00) after operation
no branch branch
positive P Q ® 2 ]
negative P Q @, 2 ]




FIRST:

THEN:

AND:

WRITE-COPY-READ
COPY-READ
SEARCH-READ

The WRITE-COPY-READ Instruction requires the assignment of two
Handlers (Source and Destination) on a single Controller. The Instruc-
tion performs four functions:

1. Write one record, of a specified length, on the Destination Tape.
This function may be omitted at the programmer's option, in which case
the Instruction becomes COPY-READ,

2. Copy the records from the Source Tape onto the Destination Tape.
This function may also be omitted at the programmer's option, in which
case the Instruction becomes SEARCH-READ,

3. Read each record on the Source Tape into the Processor memory,
storing the first word of each record in the same cell, so that each
record is stored "on top" of the previous records.

L. Examine each record on the Source Tape to determine whether it
satisfies a set of conditions specified in the Instruction. When such
a record has been found, execution of the Instruction terminates, with
that record stored in the Processor memory, and with the tapes properly
repositioned to read the following record from the Source Tape, and to
write the terminating record on the Destination Tape.

During this entire operation, the Processor itself is controlling
execution of the Instruction.

Function 2 operates as a continuous flow of information from the
Source Tape to the Destination Tape. Both tapes move at full speed
throughout the operation, and since there are no inter-record gaps on
either tape, no time is lost between records.

Function 4 may be conducted either as an Equality Search or as a
Range Search. Equality Search terminates when a record is found whose
key is identical in every character-position with the Search Control
Word stored in Memory. Range Search terminates on any record whose key
is either greater than, or equal to, the Search Control Word, where
"greater than" is defined as following according to the alpha-numeric
sorting sequence of the Processor Code, as shown in Table Iv-1. The
Search Control Word may be split into two portions, with independent
searches of either type specified for each portion. It may also contain
"ignore" characters, "u" (code 11 1100) which are "equal to anything”.

A record may contain a Control Record Mark ("¢" - code 11 1101) in
character-position 4 of the first word, and will then always terminate a
SEARCH or COPY. A record may contain a Reject Mark ("w" - code 11 1110)
in character-position 3 of the first word, and will then never terminate
a SEARCH or COPY, If both marks gre present in the same record, the
Reject Mark takes precedénce.

w-v-1



INSTRUCTION FORMAT:

Operation: WRITE-COPY-READ (WC:R)

COPY-READ (CHPY:R;

? 8.716 5.1’.3 21110 Operation Code: V
Op|Co,ShDh| ~ B{ I ‘ ,
— R N0 Hlopera | v Miscel R A M W 11 C %
V{M|S|REFYD|Y L WC iR Hwd e Frie B Lo
— I D!Y‘ — - -
) CoPYIR kmd * L Fliie ) —
DEFINITIONS: ED%\’ 3 _ d _
Op: operation code. | fov SEARU-REEAD sepifae €15 iNeat Horupll
M: automonitor level: O, 1, 2, 3. { l
S: designates syllables for modification
by index-register OOR.
R: designates OOR as index-register.

Co,Sh,Dh: as modified by (OOR), If Dh_= 8 or 9, the Instruction
specify controller number, becomes SEARCH-READ., L is
source-handler number and irrelevant. [B © I] remains
destination-handler number. as search control word.

B: base of address:
-— from which first word of
tape-record is to be written;
—- into which first 8 words of
each record copied are to be read;
—— into which complete terminating
record is to be read.
B O 1: base of address of search control word. May contain "ignore" characters (uv).
L: 1length of record to be written, - Minimum.length of written record
s £ L < 100 is words .

. oo If L = 0, no record is written, and
iFi ¢ file-number, used by STEP. See the the Instruction becomes COPY-READ,
"""""" page IV-Tapes-12.

D: divides search control word into 0£D =7
right-hand (RH) and left-hand (LH) No portion of the Search Key may
portions. D is number of lie wholly within the 30-field
characters in RH portion. of the first word of a record.
Y: relative address, with respect to /I 0%Y<7q
first word of each record, of i
Search Key. i
J: base of address of first word of
Jump Table, i
V: variation\[cfeéignator: %.\
Stop on || LH RH | Stop on || Marker Set for
EITHE Search Search BOTHy,4 || "Inequality" Termination ?
0 EeRl| Equality| Equality 1 EAE No
2 EBR| Equality| Range 3 FAR If Greater found on RH
L R®E| Range Equality 5 RAE If Greater found on LH
6 RuRl Range Range 7 RAR If Greater found on LH
If D=0: V = 0,1,2,3 causes Equality Search
V =4,5,6,7 causes Range Search

V-v=2



DESCRIPTION OF: WRITE-COPY-READ

Write: A single record, of the specified length, is recorded
on the tape mounted on the Destination Handler. The record which is to
be recorded is stored in Cell B and in successive cells B®l, B&2, etc.
If a zero-length record is specified, the WRITE is omitted.

Copy: Without stopping the Destination Tape, the Source Tape
is set in motion, and the information from the Source Tape flows through
the Controller to the Destination Tape, and is written there., If the non-
existent Handler Number 8 or 9 is specified as the Destination Handler,
the WRITE and COPY are omitted,

Read: At the same time, each record from the Source Tape is
transmitted to the Processor and stored in memory. The first word of each
record is stored in Cell B, with successive words occupying successive
memory cells. Therefore, the first record to be read replaces in memory
the record which was written on the Destination Tape, and each succeeding
record replaces the one before it. When the operation terminates, the last
record transmitted will remain in memory.

Search: During the COPY-READ, a specified Search Key in each
record is examined by the Controller, and compared with the Search Control
stored in Cell BOl. When the Search condition is satisfied, the operation
terminates with the Source Tape repositioned to read the record following
the terminating record, and the Destination Tape repositioned to write the
terminating record, and the Processor goes to the next Instruction.

The COPY-READ-SEARCH will normally terminate on "equality" (as
defined on the opposite page). However, a number of other circumstances,
all of which can be programmed for, may also terminate the operation; in
some of these cases, the Processor will select the next Instruction from
one of the alternate addresses listed in the Jump Table whose location is

specified by J.

Any circumstance which cannot be programmed for, will cause an
error-halt, with appropriate indication in the Console lights.

Complete details of terminating conditions are shown on page
V-4,

NOTE: If the Search Control, stored in Memory, is the word "uuuuuusuun”
(all "ignore" characters) then the Instruction becomes WRITE-READ, The
record in Memory will be written on the Destination Tape, the COPY will be
aborted, and the next record from the Source Tape will be read into Memory,
with no repositioning delay between the WRITE and the READ, It is sometimes
convenient to process long records one at a time, and in such a case, WRITE-
READ will defer all repositioning until after the HEAD is completed, when it

may conveniently be shared with processing.

W-v-3



P-A-Al

TERMINATING CONDITIONS for WRITE-COPY-READ

DESTINATION TAPE

Try to Write or Copy on Trailer

Error-Halt

NEXT SOURCE TAPE :
CAUSE OF TERMINATION INSTRUCTION REPOSITIONED REPOSITIONED CONTENTS OF MEMORY
TO READ TO WRITE
“Equality” Termination ® | Sequence Next Record Terminating Record Terminating Record
“Inequality” Termination ® | FromJ8 ' Terminating Record Terminating Record
CRM From J3 Next Record CRM Record CRM Record
First 8 words of record written have
Error during WRITE portion From J9 Same as at start of Instruction been replaced in memory by begin-
ning of first record copied.
Error during COPY portion From J7 Error Record Error Record Error Record
Error during READ of
Terminating Record From J7 Terminating Record Terminating Record Terminating Record
End of Destination Tape during WRITE | From J4 No Movement Trailer Unchanged
End of Destination Tape during COPY From J4 Next Record Trailer First 8 words of last record copied
End of Source Tape during COPY From J§ Trailer Next Record First 8 words of last record copied
Search Control all “ignores'. Record following the Record following the
COPY is aborted. Sequence one read info memory Written Record First record on the Source Tape
Attempt to record a record of less Processor
than 15, or more than 100, words Error-Halt
Write Lockout on Destination Handler Controller
Error-Halt
Failure of Timing-Check g::zmz:
Failure BRM-ERM alternation on Controller
either Handler Error-Halt (1) Defined on Page IV-V-2
Non-existent Controller, or two Processor
Controllers have the same number “Hang-Up"
Non-existent Handler, or two Controller
Handlers have the same number Error-Halt
Controller
‘No Tape, or Broken Tape Error-Halt '
Controller




TABLE 1V-1: Language Code

NUMERIC NUMERIC BITS

ZONE VALUE OF
BITS JONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 111l

00 o 1 2 3 4 5 6 1 8 F @ ¢§sm:£& e
01 — A B C D E F G H 1:0 A:m n e p
10 + J KL MNU ®GZP Q@ R:% £:8 () /
1 *x # S T U V W X Y Z:d s:u v w X
TABLE IV-2:  Modification of first word of Instruction by Index Register

S-value

4 CSD syllable modified S-values of syllables

2 B syllable modified

1 J syllable modified 4 2 1

Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

|

TABLE 1V-3: Interchange of syllables in ¢00

(£00) before operation

v (¢00) after operation
no branch branch
positive P Q ® 2 j
negative P Q ® 2 j
1 1 1 1 1 1




WRITE MAGNETIC TAPE

The WRITE TAPE Instruction will cause the recording on
Magnetic Tape of either uniform or varying length records.

If uniform-length records are desired, the record-length is
specified in the Instruction.

If varying length records are desired, the length of each
record must be stored in the 20-field of the first word of each record.
The Processor will examine this field, and automatically record the cor-

rect number of words in each record.

Any record may be designated as a Control Record by storing a
Control Record Mark ("v" —— code 11 1101) in character-position 4 of
the first word of the record.

As a safeguard against running off the end of the tape during
recording, a reflective spot is placed on the back of the tape some
distance from the end, and is detected automatically as an end-of -tape
warning during the recording operation. This warning spot is placed
far enough from the actual end of the tape to permit recording the entire
contents of the memory between the spot and the end of the tape. There-
fore, if the warning is detected during execution of any WRITE Instruction,
there will always remain sufficient usable tape to permit that Instruction
to be completed. Upon detection of this warning spot, the WRITE Instruc-
tion is completed, the remaining portion of the tape is erased, and the
Processor selects its next Instruction from the appropriate one of the
addresses listed in the Jump Table whose location is specified by J.
However, the Processor does not wait for the erasing to be performed; it
proceeds to the next Instruction as soon as the last record has cleared

the Read-Check Head. .

The reflective spot may be attached by any Service Engineer in
the field, and places no restriction upon using shorter-length tapes

whenever desired.

IVW-1



INSTRUCTION FORMAT:

Operation: WRITE MAGNETIC TAPE (WT)

9.8 .7 6 5 .h .3 2 .l .0 Operation Code: W
: 1 B [l 1 J 2
F R No H| Opexat | V] \'s B¢ l@ A 4 B T . ’Tsm
v |M|s |R [F{ N L “WT [Pl o ]
..... ‘\( :\41 6 L
: | wWTE F §
DEF INITIONS: Wi \/%\\ y el 3 —
Op: operation code. WTE V] \ | 1
WT (1! \Q I hied _ B O\
M: automonitor level: O, 1, 2, 3. \
, “’\ !
S: designates syllables for modification \ ’ !
by index-register OOR. ' ;
R: designates OOR as index-register.
Co: as modified by (OOR), specifies / /
controller number. / -/
,//
Dh: as modified by (OOR), specifies /
destination-handler number (handler
whose tape is to be written). /
B: base of address from which first word : , /’(
of first tape-record is to be written. ' /
/
T file-number, used by STEP. See page y
........ IV""Ta. - . H )
pes-12 | \E/
N: number of records to be written. . If N = 0 the Instruction only
00 = N =99 , tests for branch before
execution, and does not
move tape. (WT:T)
L: FIXED-LENGTH RECORDS: VARIABLE-LENGTH RECORDS:
Length of each record. = Length of each record must be stored
010 £ L =100 \ in the 20-field of the first word of
’.\ each record.
J: base of address of first word Ry L is irrelevant.
of Jump Table. - T
i T ST _..«.—»r—"'“/ \‘
Ve vVatlon dealgnator' \/
Fixed Variable
Abbrena’olon Length - Length Abbreviation
Records After Execution Records ‘
WT:F 0 Reposition to write 2 WT:V
: Erase tape to trailer.
WIE:F 1 " | Ignore end-of-tape 3 WIE:V
~ warning (do not branch)

v-W=2



DESCRIPTION OF: WRITE MAGNETIC TAPE

The Instruction specifies that N records shall be recorded on
the tape which is mounted on the specified Handler. The first word of
the first record is recorded from Cell B, and successive words are re-
corded from successive memory ceils, 561, B®2, etc. The records may be
of either uniform or varying length. The operation terminates with the
tape repositioned to WRITE again.

It is important to appreciate the fact that Record-Marks
(BRM-ERM) exist only on Magnetic Tape, and are not recorded in Memory.
These marks are automatically generated within the Processor, and are
recorded in the proper places on the tape with no attention from the
programmer.

The Processor is free to proceed to the next Instruction as
soon as the last character of the last record has been verified by the
Read-Check Head. Stopping, repositioning and (if appropriate) erasing
the tape are supervised entirely by the Controller.

Two circumstances, both of which can be programmed for, may
arise during the WRITE:

End-of-tape warning signal
(ignored if V =1 or 3)
Error during writing

In both cases, the full N records will always be recorded, and
the Processor will select the next Instruction from one of the alternate
addresses listed in the Jump Table whose location is specified by J.

Any circumstance which cannot be programmed for, including an
attempt to write a record of less than 10 words or more than 100 words,
will cause an error-halt, with appropriate indication in the Console
lights.

Complete details of terminating conditions are shown on page
VW~

V-W-3



TERMINATING CONDITIONS for WRITE MAGNETIC TAPE

AFTER EXECUTION

CAUSE OF TERMINATION NEXT TAPE REPOSITIONED REMARKS
INSTRUCTION TO WRITE
N records written correctly Sequence Next Record o©
9-1-6""‘ From J4
V=286 rom .
End-of-tape Warnin Trailer The full N records are written;
P 9 V= ?,—% Sequence then tape erased to Trailer
LS
Error From Jé Next Record o® The full N records are written
Attempt to record a record of less Processor
than 10, or more than 100, words Error-Halt
Write Lockout on Destination Handler Controller
Error-Halt
Fail £ Timing-Check Controller
ilure of Timing-Chec Error-Halt
Failure BRM-ERM Alternation Controller
Error-Halt
Non-existent Controller, or two Processor
Controllers have the same number “Hang-Up”
Non-existent Handler, or two Controller @ .Reposiﬁoned at Trailer
Handlers have the same number Error-Halt ifV=10orvV=3
No Tape, or Broken Tape Controller
Pe P Error-Halt
Attempt to Write on Trailer g:_;tﬂloel:

IV-W-4




TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 1 8 9:@ ¢:space & * 7
01 A B C D E F G H 1:0 A:m n e p
10 J K LM NO®PQQ@R R:% £:8 () /
1 # S T U V W X Y Z:d s:u v w X
TABLE IV-2:  Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
1 J syllable modified 4 2 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

_———_—-——__—____—____—_—__—_-——-——————__—_—_—_—____

TABLE IV-3:  Interchange of syllables in ¢00

(¢00) before operation

1 P ] 1 Ql
(¢00) after operation
A%
no branch branch
positive P Q @ 2
negative P Q ® 2 J




PRINT

The High-Speed Printer may be operated "on-line" (directly
connected) to the Processor with the PRINT Instruction. The contents of
twelve consecutive Memory Cells are transmitted to a 12-word magnetic core
register in the Printer, These twelve words comprise a previously-edited
image of the complete 120-character line which is to be printed. At the same
time, one additional character (the "slew" control) is also transmitted to

the Printer.

"Slewing" is the term used to refer to the ultra-high-speed move-
ment of paper between successive lines of printing. Slewing speed is inde-
pendent of the number of lines slewed, and is the same whether one line, or
an entire page, is left blank, Therefore, printing time is completely de-
termined by the total number of printed lines, and the total number of blank
lines, regardless of their respective distribution on the page.

There are several types of slew control, specified jointly by the
slew-control character transmitted with the print-line, and by a loop of
punched paper-tape (the slew-control loop) mounted on the Printer:

- Slew so as to leave a specified number of blank lines (O to 15)

between successive lines of printing.

- Slew to a specified line on the page, identified by one of 15
possible recognition-codes punched into the slew-control tape.

- Two of the 15 punched codes are assigned special functions, as
"skip" code and "stop" code. They may be used as end-of-page
and beginning-of-page sentinels.

Whenever the Printer encounters a "skip" code in the slew-control
loop, all other slew control is cancelled, and the Printer slews until a
"stop" code is reached. At the same time, a signal is sent to the Processor,

with the result that the next PRINT Instruction will branch without execu-

tion, and an alternative Instruction will be executed instead.

IvX-1



INSTRUCTION FORMAT: Operation: PRINT . :7T)

8 6
? ;,71 > b 3 %4114Lp Operation Code: X
Op 1 A il
N
V M S R \‘e_p(,‘ ”O qu_\o H“',»( m.é' 1: E E ‘{ .
DEFINITIONS: PRV T A 3
Op: operation code. -
M: automonitor level: O, 1, 2, 3.
S: selects syllables for modification by
Index-Register OOR.
R: designates OOR as Index-Register.
A: base of address of first word of 13-word
Print Block, set up in Memory:
A A®1l Ao 2 A6 11 A® 12
9876543210 |9876543210] 9876543210 9§ ______ g0 9876543210]9876543210

\F
Image of the 120-character print line

slew-control. According to Numeric Bits of U:
U positiwf: Leave O to 15 blank lines.
U negative: Slew till one of 15 recognition-codes is found
on the slew-control loop.

base of address of Instruction to be executed instead of this PRINT
Instruction if, after the previous line of print, a "skip" code was
encountered on the slew-control loop.

variation designator.
Only the sign of V is relevant.

BINARY VALUE OF NUMERIC BITS

01 2 3 4 5 6 7 8 9 1011 12 13 14 15
0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1070 1011 1100 1101 1110 1111

V-Xx-2




DESCRIPTION OF: PRINT

The slew-control character [A:99] and the twelve words [A & 1]
through [A & 12] are transmitted to the High-Speed Printer and stored,
respectively, in a 1-character-long Slew-control Register, and in a 120-
character-long Print-line Register, in the Printer.

As soon as this transmission has been completed and checked, the
Processor is released from the Printer which performs all printing, checking,
and slewing functions under its own independent control. The Processor
immediately proceeds to execute the next Instruction in the Program.

When the line has been printed and checked, the Printer slews to
the next printing position on the page. When slewing has been completed,
the Printer is ready to accept another line of print. If a PRINT Instruction
is issued while the Printer is still printing or slewing, the Processor will
wait until slewing has been completed, and then execute the Instruction.

Slew Control:

If U is positive (its sign-bit position contains a 0-bit) the
Printer will leave a number of blank lines (0 to 15) equal to the binary
value of the numeric bits of U.

If U is negative (its sign-bit position contains a 1-bit) the
Printer will slew until it reaches a punched code in the slew-control loop,
exactly corresponding to the numeric bits of U. Punches in the tape-loop
correspond to 1-bits, and non-punches correspond to O-bits.

Punched code 1111 (binary 15) is the "skip" code, and may be used
as end-of-page sentinel. Whenever this code is encountered in the slew-
control loop, all other slew control is cancelled, and n_14" (slew to the
next "stop" code) is automatically placed in the l-character-long Slew-
control Register in the Printer. At the same time, a "branch" marker is set,
and the next PRINT Instruction will branch without execution.

—————————

Punched code 1110 (binary 14) is the "stop" code, and may be used
as beginning-of-page sentinel. Whenever this code is encountered in the
slew-control loop, slewing immediately stops, regardless of the type of
control which initiated the slewing.

A "stop" code may be encountered under several circumstances:

a) A "skip" code had previously been encountered; this changed the contents
of the Printer's Slew-control Register to "-1L4" (slew to the next "stop"
code), and set a "branch"marker. Slewing terminates at the "stop" code.
The next PRINT Instruction will detect the "pranch” marker, and will not
be executed; instead, the Processor will select its next Instruction at
that time from the address specified by J in the aborted Instruction.

V-X-3



b) A "gtop' code is not preceded by a "skip" code, and the slew-control
character is "-14" ("e" or "w"). Slewing will terminate at the "stop"

code,

c) A "stop" code is encountered during any slewing operation other than
those described in (a) and (b). Slewing will terminate at the "stop"
code, and the Printer will error-halt.

Punched code 0000 (binary zero) corresponds to unpunched, or blank
tape, and is not a recognized code on the slew-control loop. If the slew-
control character is "=0" ("-" or "¥#") the Printer will slew, looking for the
punched code corresponding to binary zero, which does not exist. Slewing
will continue until a "skip" code or a "stop" code is found. This furnishes a
convenient way to slew through end-of-page to beginning-of-page.

Overflow Alarm:

Of the 6L characters in the Processor language code, 56 are data-
characters which are pertinent to normal printed output. The eight characters
mneoDpuv wX are non-data characters; they are merely convénient names for
their respective bit-configurations, and are not present on the High-Speed
Printer.

If one of these non-data characters should be transmitted for print-
.ug, the result depends on the setting of a Switch on the Printer, whose two
positions are marked PRINT [J and HALT, '

In normal operation a non-data character can occur in the output
only as the result of a programming error. The switch will be set to HALT,
and the transmittal of a non-data character will cause the Printer to error-
halt without printing the line.

However, the eight non-data characters will often be used in pro-
grams. For Memory printouts, therefore, the Switch will be set to PRINT a.
Any non-data character will be automatically replaced in the Printer by the
character "[]", and the OVERFLOW ALARM will be set in the Processor before it

is released from the Printer.

A1l of the standard Memory-printout programs test for this condi-
tion, If any non-data characters occurred in a line just printed, the program
locates them, transforms them into the corresponding capital letters, and
prints them on an otherwise blank line with each transformed character directly

below the corresponding "[3".

In order to print "off-line" (from Magnetic Tape, through either the
Universal Converter or the Printer Converter, to the Printer), a similar Print
Block is recorded on Magnetic Tape for each line of Print. The contents of
the 9~character field [A:80] may then contain identifying information to be
used in connection with the Searching and Selective Printing abilities of the
Converters.

Detains of Printer operation are given in Chapter VI - PERIPHERAL
EQUIPMENT,

IVX-L



TABLE IV-1: Language Code

NUMERIC BITS

NUMERIC

VALUE OF
ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

ZONE

0 1 2 3 4 5 6 1 8 9:@ ¢iwme8& -
- A B C D E F G H I%El A%m n e p
+ J KLMNG P QR:% £:8 () /
* # S T U VvV w X Y Z%d s%u v w X

TABLE IV-2:  Modification of first word of Instruction by Index Register

S-value
4 A syllable modified S-values of syllables
2 N syllable modified
1 J syllable modified 4 2 1
Sum Determines combination l
of syllables modified.
If S = O, no Index Register is used, and R is irrelevant.

——_ﬁ—————_—————————

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

P Q

i 1 1 1

A\
positive . J \
negative )




TYPE/PUNCH

This Instruction provides facilities for output of information
in typewritten, or punched paper-tape form, through the Console Typewriter
itself, the Console Typewriter's paper-tape punch, or the High-Speed

. Paper-Tape Punch.

The Console Typewriter may be used to furnish instructions to

the operator, and a Log of Operations.

Replies to interrogations may be furnished through the Console
Typewriter's paper-tape punch, producing paper tape which can then be
printed through another typewriter, if it is preferred that this infor-

mation should not appear on the Log of Operations.

The High-Speed Paper-Tape Punch may be used for exception-
reporting, producing a paper-tape which is to be printed through a type-
writer; it may punch information in telegraphic code, for wire trans-
mission; or it may, by punching in the appropriate code, provide paper-

tape for conversion to punched cards.

Magnetic Tape may also be transcribed to paper tape "off-line"
through the Universal Converter. For details of Punch operation,
Converter operation, and punched-tape codes, see Chapter VI - PERIPHERAL

EQUIPMENT.
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INSTRUCTION FORMAT:
9 81716 SJL 3 2I1Lo

(TYPE)

Operation: TYPE/PUNCH (PPT)

Operation Code: Y
QP ] A A A N ) 1 J A
Vi{M|[S|R G L,
1 ) Re& = P Opexn oo [N 50 i A N 6 . ‘i i C) ‘1:‘?‘;
)ZFINITIONS: TYPE } E
PPT V| G ;;A"\.fxﬁ | N ( J L
Op: operation code. L L
M: automonitor level: O, 1, 2, 3. _
N
S: selects syllables for modification by \\
Index-Register OOR, \
R: designates OOR as Index-Register. X
At base of address of first cell whose E
contents are to be output. 3
A.. AR: left-most and right-most character-positions |
of the partial-word field to be output from !
each successive cell.
N: as modified by (OOR), specifies the number 000 £ N =299
of cells whose contents are to be output. N = O means "do nothing"
G: amount by which the addresses of successive . 000 =G = 299
output cells are to be augmented. (i.e. G = 0 means output [A],
output the contents of every GUh cell.) N times.
J: base of address of next Instruction,
unconditionally. e
V: wvariation designator: ~
NV b
With With
Abbreviation | Fixed Programmed Abbreviation
Format Format |
TYPE: O 0 Type and Punch on Console Typewriter 1 TYPE: 1
TYPE: 2 2 Punch ¢énly on Console Typewriter 3 TYPE: 3
TYPE: L L Type only on Console Typewriter 5 TYPE: 5
.,  PPT: F 6 Punch on High-Speed Punch 7 PPT: F
"Tab" after "w' becomes "Tab"
contents of "x" becomes "Carr Ret"
each cell
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DESCRIPTICN OF: 7TYPE/PUNCH

Starting with the character in position At, [A] is transmitted,
character by character, to the output device designated by the chosen vari:i-
tion. Then [A ® Gl is similarly transmitted; then [A ® 2G] is transmitted;

and so on until the contents of N cells have been transmitted.

If the ccde being punched by the output device is a "shifting" code,
such as Telegraph Code or the NCR Typewriter Code, the Processor will auto-
matically insert the recuired "upshift" and "downshift" characters wherever

they are required, and transmit them to the output device.

Fixed Format: After the contents of each cell have been transmitted, the

Processor automatically transmits the character "Tabt" to the output device.

Programmed Format: Whenever the characters "w"' (code 11 1110) and "x" (code

11 1111) are encountered in the information to be transmitted to the output
device, the Processor substitutes for them the characters "Tab" and "Carriage

Return", respectively.

The characters "Tab" and "Carriage Return" do not appear in the
Language Code of the Processor, but they are significant characters in many
L
punched paper-tape codes, and the ability to punch these characters from the

Processor furnishes valuable format-control facility. Some paper-tape codas

use format-control characters other than these, and when punching those codes,
the Processor transmits format-control characters appropriate to the specific

code. (See Chapter VI - PERIPHERAL EQUIPMENT)

An error-halt will occur if the Processor is called upon to transmit
a character which does not exist in the code being punched, or if the selfl-

checking circuits in the output device detect an error.
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TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 0 1 2 3 4 5 6 1 8 9:@ g¢:smce & =+ °
01 — A B C D E F G H 1:0 A:m n e p
10 + J KLMNU OUPQQR:% £:8% () /
11 *x # S T U V W X Y Z:d s:u v w X
TABLE 1V-2:  Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
1 J syllable modified 4 2 1
Sum Determines combination )
of syllables modified.
If S = O, no Index Register is used, and R is irrelevant.

—______——————__——_—_—__——_—-_—__—-—-——-—_——'___—__———

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

\'%

positive

negative




HALT

This Instruction stops the Processor, and places it in the

REST state.

In the REST state, the Processor will accept information from
the Console Typewriter. The Instruction provides for automatic disposition
of any information which the operator may enter; when reaching a point in
the program at which an operator entry is called for, he need not concern

himself with the address in which the information is to be stored.

When the operator presses the START button on the Console,

automatic execution of the program is resumed.

The operator may override the automatic provisions for putaway
of this information, and for resumption of the program, by typing other

control information, if desired.
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INSTRUCTION FORMAT: ‘ Operation: HALT (HALT)

8 6
9 8765431210 Operation Code: Z (V = O)
Op LA
ViM|S
L L v "i‘e(/fiy.',\, A v‘[ b 1‘ C 1
TP INITIONS : | | | |
Hperi b 3
Op: operation code. JU.ETl § : /§ I ;{' i
M: automonitor level: O, 1, 2, 3.
S: selects syllables for modification
by Index-Register OOR,
R: designates OOR as Index-Register.
A: base of address of first putaway if information
is entered in Memory through the Console
Typewriter, after the HALT,
J: base of address of next Instruction, unconditionally.
V: wvariation designator:
V = 0 specifies HALT.
NOTE: After the HALT, the operator may, by entering appropriate control

information through the Console Typewriter, over-ride the addresses
specified by A and J (as modified by OOR), and specify alternative
addresses.

TALLIES IN @Q0:

When Processor operation is resumed:

(@00:86) contains number of putaways made.

(@00:33) contains number of characters in last putaway.
(@00:33) = 0 means 10 characters,

If no information has been entered, then
both (@00:86) and (@00:33) will be zero.
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DESCRIPTION OF: HALT

The Processor is placed in the REST state, and the REST light on

the Console is turned on.

The following conditions are set up within the Processor: ()

Rp: The address A, as modified by (OOR), is placed in
the 3-character-long Putaway-address Register (Rp).

¢00: The address J, as modified by (OOR), is placed in ¢00:20.
Ri: The length of the Input Register (Ri) is set at 10

characters, and Ri is cleared.

Any information entered through the Console Typewriter will, there-

fore, be stored as a sequence of lO-character putaways to Cells [A], [A & 11,

[A ® 2], &c, with tallies in @00:86 and @00:33.

When the START Button on the Console is pressed, or the "Compute

Code" key on the Typewriter keyboard is struck, there will be an automatic

putaway from Ri (unless Ri is empty), and the Processor will resume execution

of the program, selecting its next Instruction from the address stored in

¢00:20.

At any time while the Processor is in the REST state, the operator

mdy change (Rp) or ($00:20) by means of input-control codes "a" and ner, (%)

NOTE:

Punched paper-tape may be read through the Console Typewriter, while
the Processor is in the REST state. The function of the paper-tape
in such an operation is to store in "frozen" form the typing which
caused it to be punched; reading the paper-tape then exactly
simulates the typing operator.

Details of Console Typewriter operation are given in Chapter VI -
PERIPHERAL EQUIPMENT,

(#) See discussion under READ PAPER TAPE. ("The Input Process", page

V-Z6~L4)
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TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
00 1 2 3 4 5 6 71 8 9:@ ¢:space & = 7
01 A B C D E F G H I:0O0 A:m n e p
10 J K LM NO®UPQQR:% £:8 () /
11 # S T U VW X Y Z:d s:u v w X
TABLE IV-2:  Modification of first word of Instruction by Index Register
S-value
4 A syllable modified S-values of syllables
2 N syllable modified
1 J syllable modified 4 2 1
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

e

TABLE 1V-3: Interchange of syllables in ¢00

(¢00) before operation

P Q,
% (¢00) after operation
no branch branch
positive P Q ® 2 ]
L y t . L 1
negative P Q @ 2 53

J: May be J1, J2,]3




READ PAPER TAPE

This Instruction permits the reading of Punched Paper-Tape

directly into the Processor Memory at extremely high speed.

Paper tape punched at a wide variety of data-origination points
may be read into a single Processing System without the need for code-
converters, since the High-Speed Paper-Tape Reader will accept tape

punched in any three codes.

The ease and accuracy with which punched paper-tape can be pre-
pared (often as a by-product of normal data-reeording operations) make it
an ideal input medium for many applications. The ability to use Input-
control codes with the data, makes Paper Tape extremely convenient in
handling unregimented transactions, in which each transaction may not con-
tain all possible types of information-fields, and in which the length of

the transactions may vary widely.

If the volume of input warrants the additional equipment, Paper
Tape may also be transcribed "off-line" to Magnetic Tape through the

Universal Converter, as described in Chapter VI - PERIPHERAL EQUIPMENT.
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INSTRUCTION FOURMAT: Operation: READ PAPER TAPE (RPT)
¢ 8 7 6 5 L 3 210

i A 1 i § 1 i
Op A N} d

] A 1 ] I

Operation Code: Z (V = 6)

Neot

Y ¥
" ¢ < v
B LA [ O

i e ™,
a2 [ AR LA
[

v{M|s|R|AL Arf

% [ ‘?n_f {\’g.,

DEFINITIONS:

Op: operation code. L
M: automonitor level: O, 1, 2, 3.

S: selects syllables for modification
by Index-Register OOR,

R: designates OOR as Index-Register.
A: Dbase of address of first putaway.

AL, ArR: left-most and right-most character-positions
of each partial-word putaway.

N: as modified by (OOR), specifies the ; 000 £ N = 299
maximum number of putaways to be made.
N=0 means 4000, regardless of Memory-Size.

J: base of address of l-word Jump Table 9 8 7 6 54 3 210
for "branch" termination. ek L -t
A 1 J2| i Jln
V: wvariation designator:
V = 6 specifies READ PAPER TAPE.
Normal Termination: Processor executes next Instruction in the

normal sequence, if operation terminates
because of "Compute" code im the paper tape.

Branch Terminations:
Next Instruction from Jl: If operation terminates with N putaways.

Next Instruction from J2: If end of paper tape, before N putaways.

Next Instruction from J3: If parity error detected in paper tape.
The character x (code 11 1111) is stored
instead of the error-character.

NOTE: If "Compute" code, end of tape, or error causes the Nth putaway,
the J1 branch is not taken. [.% .cie ot @pknqu“ﬁb-xﬁaﬂ@k‘ﬂfﬂhﬂ%'

Ny -~
TALLIES IN @Q0:
After any termination: (@00:86) contains number of putaways made.

(@00:33) contains number of characters in last putaway.
(@00:33) = O means 10 characters.

If no information has been read, then
both (@00:86) and (200:33) will be zero.

IV-Z6-2



DESCRIPTION OF: READ PAPER TAFE

This Instruction starts the High-Speed Paper-Tape Reader, and

controls the input process while the tape is being read.

The following conditions are set up within the Processor: (%)

Rp: The address A, as modified by (OOR), is placed in the
3—character-long Putaway-address Register (Rp).

¢00: The address of the next Instruction in the normal
sequence, remains in ¢00:20. Terminating conditions
of the operation may cause this stored address to be
replaced by one of the addresses Jl, J2, J3.

Ri: The length of the Input Register (Ri) is set to the
length of the AtAr field, and Ri is cleared.

Information received from the Paper-Tape Reader will, therefore,
be stored in the ALAR field of each of the Cells [A], [A & 11, [A & 2], &c,

with tallies in @00:86 and @00:33.

The control-codes "a" and "c¢" punched into the paper-tape will
cause the contents of Rp and of ¢00:20 to be changed. However, (¢00:20)
will still be replaced by the originally-specified J1, J2 or J3 if the termi-

nating conditions cause a branch.

If the Reader's self-checking circuits detect a reading error, a
transmission error, or an illegal configuration punched into the tape, it

will error-halt.

Paper Tape may be transcribed to Magnetic Tape "off-line" through
the Universal Converter. For details of Paper-Tape Reader operation, Con-
verter operation, and paper-tape codes, see Chapter VI - PERIPHERAL EQUIPMENT.

(%) See discussion of THE INPUT PROCESS, on succeeding pages.
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THE INPUT PROCESS

The following discussion of Paper-Tape input applies equally to
input of information through the Console Typewriter while the Processor is in
the REST state, and should be read in connection with the description of HALT.

Whenever the Processor is receiving data from the Paper-Tape Reader,
or from the Console Typewriter, the operation is controlled by two working
registers:

The Putaway-address Register (Rp) is 3 characters long, and holds the
address of the next Memory Cell scheduled to receive information. Immediately
after each "putaway" is made, the contents of Rp are automatically augmented by
1 (using MODIFY ADD), so that successive putaways are made to consecutively-
numbered Cells.

The Input Register (Ri) varies from 1 to 10 characters in length.
Before input begins, the length of Ri is automatically set as specified by the
Instruction, and Ri is then "cleared" by storing a zero in every character-
position.

As each character is received from the input device, it is stored in
the right-most character-position of Ri, and the previous contents of Ri are
<hifted one character-position to the left, dropping one of the originally-

Lored zeros. When the Register has been filled, a "putaway" is made automati-
cally; that is, the contents of Ri are transferred to the proper partial-word
field of the next Cell designated to receive information. That cell is the one
whose address is currently stored in Rp. After the putaway has been made, Ri
is cleared, ready to receive more data, (Rp) is augmented by 1, and input econ-
tinues.

Two tallies are automatically maintained during input, and appear in
Cell @00 when input terminates.

Putaway-count in @00:86. This field is cleared before input starts,
and is augmented by 1 when each putaway is made. When input terminates, this
field holds the number of Cells into which information was stored during input,
as an address-type number.

Character-count in @00:33. This tally is maintained in a 2-character-
long working register (Rt), and is transferred, right-justified, to @00:33 after
each putaway, replacing the tally generated by the previous putaway.

t is cleared before input starts, and is augmented by
1 as each succeeding character is received into Ri.
When (Rt) equals the current length of Ri, then Ri is
full. A putaway is made, (Rt) ——@00:33, right-justified,
and Rt is cleared in readiness for continued input.
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When input terminates, @
charanters contained in the last p

The input process may be
which shows Ri set to its full 10-
aways being made to the 90-field o

00:33 holds the number of input
utaway.

i1lustrated by the following diagram,
character length, and successive put-
£ Cells 647, 6L8, &c.

@00 Rt Rp R i DATA BEING READ
9876543210 10 210 9876543210
Ready to start 647 [0000000000] ABCDEFGHIJKLMNOPQRSTUVHXYZ. ..
First character read 000000000 A| BCDEFGHIJKLMNOPQRSTUVAXYZ. . .
Next character read 00000000 AB| CDEFGHIJKLMNGPQRSTUVWXYZ. ..
Next character read GO0O000O00ABC| DEFGHIJKLUNGPQRSTUVWXYZ. ..
Next 7 characters read KLMNEPQRSTUVWXYZ. . .
Contents of Rt equals the
length of Ri (Ri is full) @1 ame @1 CLEARED
(Ri:90) — 647:90
(Rt:10) — @00:33 528 [0000000000| KLMNSPQRSTUVNXYZ. ..
Next character read 00000000LOK| LMNGPQRSTUVNXYZ. ..
Next character read 00000000KL MNOPQRSTUVWXYZ. . .
Next 8 characters read KLMNE@PQRST UVWXYZ. ..
Contents of Rt equals the
length of Ri (Ri is full) [CH aeeer D1 CLEARED
(R1:90) —~ 648:90
(Rt:10) — @00:33 [E49J|Boooooooooj UVWXYZ. ..
Next character read 000000000U| VAXYZ...

And so on

Several control codes are

process:

"putaway! code ("AM) wil
performed, even though Ri may not b
the "Putaway"' Code will always be i

away" Code is shown in the followin

available, and affect the input

1 cause the putaway function to be
e completely full. If Ri is empty,
gnored. The operation of the "Put-
g diagram:

@00 Rt R p R i DATA BEING READ
9876543210 10 210 9876543210

Ready to start 5011000000000 0| ABCDEFG-HIJK~LUNSPQRSTU~VN. ..
First character read 00000000OA]| BCDEFGwHIJK~LMNOPQRSTU~VW. ..
Next 6 characters read GOOABCDEFG] ~HIJK~LMNGPQRSTU~VW...
Next character read is

"Putaway" . @1 ame D1 CLEARED
(Ri:90) — 501:90
(Rt:10) —~ @00:33 502/ |0000000000]| HIJK~LMNGPQRSTU~VN. ..
Next character read 0C000000O0H TIJK~LMNEPQRSTU~VW. ..
Next 3 characters read 000000HIJK ~LMNOPQRSTU~VN. ..
Next character read is

"Putavay". @1 amep D1 CLEARED
(Ri:90) — 502:90 .
(Rt:10) — ©00:33 : ool 503 oooooooooo] LMNSPQRSTU~VN. . .
Next 10 characters read LMN@PQRSTU AN ..
Contents of Rt equals the
length of Ri (Ri is full) [CH) ame @1 CLEARED
(Ri:90) — 503:20 g

. (Rt:10) — @00:33 ‘504|[0000000000 VW

Next character read is

"Putaway".
Since Ri is empty,

wputaway is ignored. [Foa4][ocooo0o000cj ..
Next character read [cooo000000 v] v

And so on
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"Compute" Code (">") causes the putaway function to be performed
{unless Ri i- empty), and terminates input. The Processor then resumes execu-
tion of the program, selecting its next Instruction from the address stored in
400220
¢ N

Upshift and Downshift: Some code-systems conventionally used with
punched paper-tape are "shifting" codes. That is, two different characters in
the code rmay be located on the same key of the tape-punching keyboard, and be
represent2d by the same configuration on the paper-tape. When a tape punched
in such a code-system is read by the Processor, many of the configurations
must be interpreted as one of two possible characters, according to the shift-
position of the tape-punching keyboard at the time that configuration was
pinched.

Therefore, all devices which punch such a "shifting" code will punch
distinetive configurations on the paper-tape whenever the "upshift" and "down-
shift" keys are struck. The Processor recognizes these configurations as
input-control codes, and switches back and forth from one set of decoding ecir-
sults to ancther as these codes are detected.

The following input-control codes are used principally when typing
on Lhe Conscle Typewriter, or when recording programs on punched paper-tape:

"g" ("new putaway address follows"): This code causes the Processor
to store the next three input characters in Register Rp. On the typewriter,
this code is obtained by striking the "A" key in upper shift (see Typewriter
Code, in Chapter VI),

"e" ("new starting address follows"): This code causes the
Procegsor to store the next three input characters in ¢00:20. On the type-
writer, this code is obtained by striking the "C" key in upper shift (see
Typewriter Code, in Chapter VI),

In detail, "a" and "c" perform the following functions:

-~ Clear Ri and Rt. Any previous contents of these registers
is discarded.

- (Rp) is not disturbed, at this point.

~- Set the length of Rl to 3 characters.

- When (Rt) = 3 (i.e. Ri is full), the contents of Ri are
transferred to Rp or to ¢00:20, as appropriate.

- The length of Ri is reset to that specified by the HALT
or READ PAPER TAPE Instruction. Ri and Rt are cleared.

- If a "putaway' code is received during this operation,
the Processor will error-halt.

- If a "compute" code is received during this operation
Ri and Rt are cleared (their contents being discardeds,
and the Processor resumes execution of the program,

- Note that the tallies in @00:86 and @00:33 are not
disturbed by an "a" or "c" operation.

‘83&' ("clear"): This code causes Ri and Rt to be cleared, and thei:s

rontents discarded; it furnishes a convenient method of correcting typing errors.
if Yclear" occurs during an "a" or "¢V operation, the length of Ri is also reset,
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In addition to these control codes, which can be punched into the
paper-tape or entered on the Console Typewriter, there are two circumstances,
which can arise during the READ PAPER TAPE operation, which the Processor
interprets as though it had received control codes.

Parity error: Many of the codes which are used with punched paper-
tape are "self-checking" or "parity" codes. That is, every character in such
2 code must have an even number of holes if "even-parity" is used, or an odd
number of holes if "odd-parity" is used.

The Paper-tape Reader has the ability to check such parity codes,
If it should detect an error in parity, it will store the character "x"
(code 11 1111) in Ri instead of the garbled character, and there will then
be an immediate putaway. The input operation teminates, and the Processor
resumes execution of the program, selecting its next Instruction from address

J3.

That portion of the program which the programmer has stored at JJ
has available to it the two tallies in @00:86 and ©00:32; it can thus pro-
vide for reading the rest of the transaction and, if desired, typing it out
on the Console Typewriter, discarding it from the input, and resume the
reading of the paper-tape. The operator may then correct the transaction
by comparing it with the original data, and arrange for its re-entry later.

End of Tape: The Paper-Tape Reader has the ability to distinguish
between broken tape (which causes the Reader to error-halt), and end-of-
tape.

Detection of the physical end of the tape causes a putaway (unless
Ri is empty), termination of input, and resumption of the program. The
Processor selects its next Instruction from address J2.

This ability to identify the end of the tape, and to cause a unigue
branch in the program, eliminates the necessity for punching a "sign-off"
code at the end of the input, and further eliminates the necessity of having
the program test every transaction for this sign-off code.
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TABLE IV-1: Language Code

NUMERIC NUMERIC BITS
ZONE VALUE OF
BITS ZONE BITS | 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

9§@ ¢§sm:& e

w o 0 1 2 3 4 5 6 1 8

wm |4 |- A B CDETFGH I:OAim n s p
w 20+ ) KL MNOPDQ Ri% £:8 ( ) /
1 -'5 x # S T UV W XY z%u s u v ow X

TABLE 1V-2: Modification of first word of Instruction by Index Register

S-value
4 A syllable modified S-values of syllables
2 N syllable modified
1 J syllable modified 4 2 1
1 | 1 L 1 i
Sum Determines combination

of syllables modified.

If S = O, no Index Register is used, and R is irrelevant.

\\

TABLE IV-3: Interchange of syllables in ¢00

(¢00) before operation

P Q,
v (¢00) after operation
no branch branch
postive P, |0.®,2 R
negaﬁve 1 P 1 Q |® L 2 Q| ®| 2 1 J 1




READ PUNCHED CARDS

This Instruction permits the reading of 80-column cards

directly into the Processor Memory at extremely high speed.

As many cards as desired may be read with a single Instruction,

and either all, or a portion of, each card may be read.

If the volume of input warrants the additional equipment, cards
may also be transcribed "off-line" to Magnetic Tape through the Universal

Converter, as described in Chapter VI - PERIPHERAL EQUIPMENT,
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INSTRUCTION FORMAT: Operation: READ PUNCHED CARDS (¥
9 8 L 7 e 6 5 1 L‘ ) 3 2 I l L o
D , A N J

Operation Code: *

L 1 ) [ n N QCA+
VIM|S|R Caf o ?H overnt 1V | Mise Cl A by B C 1‘*‘; ) l.,,,,"‘ .{
i
Op: operation code. T
M; automonitor level: O, 1, 2, 3.
S: selects syllables for modification
by Index-Register ‘OCR,
R: designates OOR as Index-Register.
A: Dbase of address in which first 10
columns of first card are to be stored.
N: as modified by (OOR), specifies the 000 = N £ 299
number of cards to be read. N = O means "do nothing"
W: number of Memory cells to be filled 0Osw=3g
from each card. (i.e. - read the W = 0 means pass N cards
first 10W columns from each card.) without reading.

J: Dbase of address of next Instruction,
if fewer than N cards have been read
and no more cards remain to be read. (See note)

V: wvariation designator:
only the sign of V is relevant.

NOTE: There is a LAST BATCH Switch on the Card Reader.

Switch in NO position: If hopper empty and fewer than N cards read,
the Processor will wait, and resume execution
of the Instruction when more cards have been
put into the hopper, and the "Operate" button
on the Card Reader has been pressed.

Switch in YES position: If hopper empty and fewer than N cards read,
the Instruction will terminate, and the next
Instruction will be selected from the address
specified by J.

TALLY IN @00:

After termination, (@00:86) contains number of putaways made.
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DESCRIPTION OF: READ PUNCHED CARDS

The Processor starts the High-Speed Punched-Card Reader, which then
continues to run until:

a) N cards have been read, after which the Processor executes
the next Instruction in the program.

b) The Input Hopper is empty (and/or the Output Hopper is full).
Depending on the setting of the LAST BATCH Switch, the
Processor either waits for the Reader to be reloaded; or
terminates the operation and selects its next Instruction
from the address specified by J.
The first 10 columns of the first card are read into Cell [Ad,
with the character punched in column 1 appearing in character-position 9, etc.
The next 10 columns into Cell [A ® I, and so on until W Cells have been
filled from the first card. The remainder of the card is passed through the
Reader without storing any information in Memory. The first 10 columns of

the next card are read into Cell [A ® W], and so on until the operation

terminates.
Blank columns on any card are read as "spaces".

The conventional punched-card code has been extended, so that all

6l characters of the Processor's Language Code can be represented in cards.

If the Reader'!'s self-checking circuits detect an error, or an

illegal configuration punched into a card, it will error-halt.

Punched Cards may be transcribed to Magnetic Tape "off-line"
through the Universal Converter. For details of Card-Reader operation,
Converter operation, and the extended Punched-Card Code, see Chapter VI -
PERIPHERAL EQUIPMENT.

NOTE: It is possible that columns 81 and 82 of an "g0~-column" card
might have been punched. These columns are not read.
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AUTOMONITOR

As an aid to Code-Checking, or "Debugging", two techniques are

available for selectively monitoring programs:

MONITORING BY PROGRAM LEVEL

Every Instruction contains a digit (designated as M) which
specifies the level of monitoring to which that Instruction will be subject.
Four levels (0, 1, 2, 3) are available, and after a program has been
written, the programmer will assign a monitoring level to each Instruction
in the program. Major check-points will be assigned level 3, lesser check-
points levels 2 and 1, down to the individual Instructions between check-

points, which will be assigned level O.

A Program Level Monitor Switch is provided on the Console, with

positions OFF, 0, 1, 2, 3. When this switch is in the OFF position, no
Program-Level Monitoring will take place. When the switch is set to one
of the numbered positions, every Instruction whose Monitor Digit has a
numeric value (modulo 4) greater than or equal to the switch-setting, will

be monitored.

MONITORING BY ADDRESS LOCKUP

A set of four Address Selection Switches is provided on the

Console, and these switches may be set to any address in the Processor
Memory. For the operator's convenience, these switches portray an address
in its L4-digit numeric form, rather than as a condensed Address-Type Number.

There is also an Address Monitor Switch with OFF and ON positions., When

this switch is OFF, it will show a blue light, and no Address-Lookup

Monitoring will take place. When the switch is ON, it will show a yellow



light, and the Processor will menitor every Instrucetion which requires
a lookup to the Memory location specified in the Address Selection Switches.
An Address-Lookup occurs whenever the Processor selects:

# Any word of the Instruction itself,

# An Index-Register to modify the Instruction,

# An operand,

% A location for storage of a result.

Program-Level Monitoring and Addrecs-Lookup Monitoring may be
carried on independently or simultaneously, as the operator may choose.
If the M-digit of any Instruction contains a negative character (a charac-
ter with a 1~bit in its sign-bit position), that Imstruction will never be

monitored by either method.

It is important to provide complete flexibility, not only in the
amount of information furnished during monitoring, and in the format in
which the information will be presented, but also in the medium (console
typewriter, punched paper tape, line printer, or magnetic tape) in which
the information will be recorded. In orcer te achieve this flexibility,
the actual compilation and editing of the information is performed by
means of a Monitoring Program, which the operator stores in the Processor
Memory before beginning to monitor. The Monitering Programs may range
from a simple tracing procedure wnlch recoxds only the address of each
Instruction monitcred, to a complete printout of each Instruction in its
coded form and alsc as modified by an Index-Register, the contents of the

Index-Register, the operands, and the results.

The operator stores the Monitoring Program in the Memory, and

plants the address of the first Instruction of the Monitoring Program in
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¢01

£02
¢03

¢04

the A-syllable of Cell ¢Ol (that is, in ¢1:86). He sets:
% The Program Level Monitor Switch, or the Address Monitor
Switch, or both;
% The address Selection Switches, if they are to be used;

% A Monitor Run-Halt Switch, whose function will be described

shortly.

The operator then runs, in the usual manner, the main program,

which is to be monitored.

After executing each Instruction in the main program, and just
before selecting the next Instruction, the Processor examines the two
Monitoring Switches, to see if either of them is ON; if so, the Instruc-
tion just completed is reviewed to see if it qualifies for monitoring.
If the Instruction does not qualify for monitoring, the main program is
resumed and the next Instruction is selected for execution in the usual
manner. If the Instruction does qualify for Monitoring, the Processor
automatically stores certain information about the Instruction, in the
special Memory locations ¢01 through ¢OL, and then inspects the setting

of the RUN-HALT Switch, The stored information is in the following form:

9 8 7 6 5 4 3 2 1 0

~ | L L | ! )
..= Address of Monitoring Routine Address of next Instruction Address of the Instruction

ziiuzd (Previously stored by operator) in the program to be monitored

anfenfs




It must be observed that the information in Cells ¢0l through
¢0L is cocmpiled after executicn cf the meonitored Instruction has been
completed. 1If the Instruction changes itself (e,g. in Example 9 of
"Noymal® DISTRIBUTE, page IV-J-12), it will be displayed as it appears

after execution,

After the informaticn has been stored, the next step depends on

the setting of the Monitcr Run=-tialt Switch.

If the Monitor Run-Halt Switch is set toc RUN, it shows a yellow light;

the Processor plants the address of the Monitoring Program
(¢01:86) into ¢00:20 (the Sequence-Contrcl Register), and then
proceeds to execute the Monitoring Prcgram, The last Instruc-
tion of the Monitoring Program must be written so that it plants
the address of the next Instruction in the main program (¢01253)
into ¢00:20, sc that the Processor immediately resumes the main

program,

If the Monitor Run-Halt Switch is set to HALT, it shows a blue light; the

Processor halts immediately after storing the information in
Cells ¢01 through ¢Ok4, and turns cn the Console MONITOR HALT
light., The address of the Instruction being monitored is dis-
played as four arabic digits in the Address Indication Lights
on the Conssle, The operator may then change the settings of

. the Program Level Moniter Switch, the Address Selection Switches
and/or the Monitor Run-Halt Switch, if he desires, and then press
the START button, whereupon the Processor will enter the Monitor-
ing Program, and then continue with the main program, exactly as

though the Monitor Run-Halt Switch had been set to RUN.
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Or the operator may press the RESET button on the Console,
which puts the Processor into the "Rest" state, and causes the REST
light on the Console to be turned on in place of the MONITOR HALT
light. The operator now may manually determine the next step, as

described in Chapter VI, under CONSOLE OFPERATION.
Some of the options available to the operator at this point are:

Start. If the START button on the Console is pressed, the Processor will
still enter the Monitoring Program, just as though the RESET button had not

been pressed.

Printout. If the PRINTOUT button on the Console is pressed, the Processor will
type on the Console Typewriter the contents of whatever Memory location is
specified by the Address Selection Switches. Before Printout, of course;

these switches may be changed to designate any desired Memory location.

Manual Input. By typing on the Console Typewriter, the operator may change

the contents of any Memory locations he chooses.

New "Start" Address. The operator may designate any Memory location as the

address of the next Instruction, before he presses the START button to resume
processing. He may wish to execute a special Monitoring Program for this
part of the main program; to monitor a different part of the main program;

or to change to some other operation altogether.
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OPERATOR'S CONSOLE CONTROL PANEL

On all Control Panels within the NCR 304 System, the display lights
nave been restricted to three colors with, generally, the following
significance:

YELLOW BLUE RED
On off Alarm
Ready Not Ready

Operating Stop

Normal Non-Normal

Whenever it appears that the distinction between the two states of a
switch, as indicated by Yellow and Blue lights, is in any way ambiguous,
the switch markings on the panel are underlined in the appropriate colors.

OPTION SWITCHES

0 =~ 9 These are examined by the TEST OPTION SWITCH Instruction.
Each switch contains two colored lights:
ON: Yellow
OFF: Blue

OPERATING SWITCHES

RESET: Pressing this button removes the Processor from the
MONITOR HALT, OVERFLOW HALT, or ERROR HALT state, and

places it in the REST state.

If any peripheral unit goes into Error Halt, the
Processor will "hang up". The operator should press
the RESET button and bring the Processor to REST before
resetting the peripheral unit.

If the RESET button is pressed during Processor operation,
it will plase the Processor in the REST state, but it will
not be pessible to resume the program from that point.

The RESET button is inoperative when the Processor is in
the HALT or the TEST PANEL state.
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START:

PRINTOUT:

OPERATOR HALT:

When the Processor is in the REST state, pressing
this button causes it to start executing the program.

When the Processor is in the HALT state, pressing

this button causes it to execute the next Instruction in
the program, and then halt again (single-step operation).
At each halt, the ADDRESS INDICATION lights display the
address of the next Instruction in the program,

When the Processor is in the MONITOR HALT state, pressing
this button causes it to start executing the Monitoring
Program.

The START button is inoperative in all other circumstances.

The START button shows a yellow light while the Processor
is executing a program.

This button is operative only when the Processor is in
the REST or the HALT state. At that time, pressing this
button will cause the contents of one Memory Cell to be
typed automatically on the Console Typewriter; that Cell
is the one whose address is specified in the ADDRESS
SELECTION switches.

Pressing this button will cause the Processor to halt the
program as soon as the current Instruction is completed,

and enter the HALT state, at which time this button will

show a red light.

While the Processor is in the HALT state, the only controls
which can be operated are:

Power ON-OFF buttons, which are not operative at
any other time.

The START button, which will (in this circumstance)
cause single-step operation.

Pressing the HALT button the second time will turn off the
red light, and place the Processor in the REST state.

After an OPERATOR HALT, the ADDRESS INDICATION lights show
the address of the next Instruction in the program.
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REST:

MONITOR HALT:

OVERFLOW HALT:

ERROR HALT:

STATUS LIGHTS

Blue light. The Processor enters this state:
- As the result of a HALT Instruction in the program.
The ADDRESS INDICATION lights display the
address specified by A of the Instruction.
~ As the result of pressing the RESET button.
- As the result of pressing the HALT button a
second time.

Blue light. While the Automonitor is being used, with
the MONITOR RUN-HALT switch set to HALT, an Instruction
has been selected for monitoring.

The ADDRESS INDICATION lights display the address of the
Instruction to be monitored.

If the START button is pressed, the Processor will enter
the Monitoring Program. If RESET, and then START, are
pressed, the result will be the same.

Red light. An Instructicn has set the Overflow Alarm,
and the next Instruction is not TEST OVERFLOW.

The ADDRESS INDICATION lights give no useful information.

The operator may PRINTCUT the contents of Cell ¢00, and
subtract 2 from the contents of its Cwsyllable to obtain
the address of the Instruction which detected the overflow.

Red light. One of several things has happened:

Either the Prozessor is attempting to execute a non-existent
Operation Cede, in which case the ADDRESS INDICATION lights
display the address of the impossible Instruction;

Or the programmer has made a serious error, such as specifying
an impossible Memory address, or a non-existent Controller;

Or the Processor's self-checking circuits have indicated that
some component of the system has failed.

In the last two cases, the ADDRESS INDICATION lights
will display the address of the last Memory lookup.
Detailed information as to the source of the error is
shown on the Engineer's Test Panel.
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TEST PANEL: Blue light. The Processor is under the control of the
Engineer's Test Panel, and is not available to the

operator.

CLASSIFICATION LIGHTS

These are two rows of yellow lights, which flicker as each Instruction is
executed, indicating the classification to which the current Instruction
belongs; after any halt, the classification of the last Instruction exe-
cuted is shown. These classifications correspond to the color-coding of the
index tabs in Chapter IV:

Yellow tabs Arithmetic

Blue tabs Decision

White tabs Input (HALT, READ PAPER TAPE, READ CARDS)
Output (PrRINT, Tyre/PuncH)

Dark Green tabs File On-Line (ReAp TApe, WRITE TAPE, WRITE-COPY-READ)
File Off-Line (wWriTE-CopPY, REWIND)

Light Green tabs Editing

Pink tabs Data-Handling

ADDRESS INDICATION LIGHTS

These lights display, as 4 arabic numerals, every address-lookup performed
by the Processor. Addresses of the "Special" Cells are shown as 3 characters,
using the first, third and fourth lights.

The significance of the address displayed in these lights after any halt is
stated under the description of each of the STATUS LIGHTS,

ADDRESS SELECTION SWIT CHES

The operator may set into these switches the address of the Memory Cell
whose contents he wishes typed out on the Console Typewriter, when he
presses the PRINTOUT button.

These switches are also used to designate a specific Memory Cell for the
ADDRESS MONITOR.

An address is set into these switches as a-h-digit number;

addresses of the "Special" Cells are set as 3 characters,
using the first, third and fourth switches.
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MONITOR SWITCHES
(See Chapter V)

ADDRESS MONITOR: This switch contains two colored lights:

ON: Yellow
OFF: Blue
PROGRAM LEVEL The setting of this switch determines the level of
MONITOR: Monitoring, in connection with the M-digit of each

Instruction in the program.

MONITOR RUN-HALT: This switch contains two colored lights:
RUN: Yellow
HALT: Blue

The words RUN and HALT on the panel are underlined in
yellow and blue, respectively, to remind the operator
of the significance of the colored lights.

If no monitoring is being performed, this button shows
no light.

POWER SWITCHES

A1l Power ON-OFF switches are interlocked with the HALT button, and are
operative only when the Processor is in the HALT state.

Power in peripheral units may be turned on only after Processor power is omn.
When Processor power is turned off, all peripheral units are turned off also.

PROCESSOR POWER: As soon as the ON button is pressed, the Processor enters
an automatic warmup-test cycle and the lights in the
OPTION SWITCHES are turned on.

When the Processor has completed its self-testing operation,
the red light in the HALT button goes on, indicating that
the Processor is in the HALT state.

Pressing the HALT button the second time (the first time

occurred just before the power was turned off) places the
Processor in the REST state, and processing may begin.
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PERIPHERAL UNIT
POWER:

INPUT-OUTPUT CODE

INDICATORS:

Once the Processor power has been turned on, power may
then be turned on in the peripheral units. Each unit is
represented on the Console bys:

an ON button;

an OFF button;

a BUSY light.

When power is first turned on at each unit, its ON button
will show a blue light (not ready), while that unit goes
through its own warmup-test cycle.

When the unit has completed its self-testing operation,
its ON button will show a yellow light (ready).

Whenever the unit is actually in use, its yellow BUSY
light will be turned on,

If the unit should, for any reason, go into an Error-Halt,
its ON button will show a red light.

Selection among three codes on the Paper Tape Reader, and
between two codes on the Paper Tape Punch, is made manually
at each unit.

In order that the Console operator may conveniently monitor

these selections, they are displayed as yellow lights next
to the power buttons for the respective units.
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© 0000
© 0000

OPTION
SWITCHES

ELECTRONIC DATA
PROCESSOR (304)

O

RESET

O

START

O

PRINTOUT

O

HALT

REST

MONITOR
HALT

OVERFLOW
HALT

ERROR HALT

DRUM

ARITH

DECISION

INPUT

ouTePUT

FILE
ON LINE

FILE
OFF LINE

TEST PANEL

EDIT

DATA

O ©® @ 6

ADDRESS INDICATION

ADDRESS SELECTION

ADDRESS MONITOR PROGRAM LEVEL MONITOR
OFF-ON MONITOR RUN-HALT
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©® @ &

BUSY BUSY
ADDRESS INDICATION @
ON ON ON
OFF OFF OFF OFF
PROCESSOR PRINTER CARD READER

4

ADDRESS SELECTION

BUSY BUSY BUSY BUSY

ON ON ON ON
; CODE 2 CODE | @ @ @

PROGRAM LEVEL MONITOR OFF OFF OFF OFF OFF

MONITOR RUN-HALT PAPER TAPE READER PAPER TAPE PUNCH MAGNETIC TAPE CONTROLLERS

OFF
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TYPEWRITER KEY

PAPER TAPE INPUT-OUTPUT

NCR TYPEWRITER CODE
{Odd-Parity)

LOWER UPPER CHANNELS
SHIFT SHIFT e s 1a o132

0 ) o« o

1 1 L0 ;

2 £ el |

3 # . ele

4 $ ..

s % el ol

6 / el e

7 « o ele

8 * ol

4 ( o . .

A a . . °

B B ° . °

c c ) . ol o

D d ° o0

E E o | olo e

F F o |-o|e

G G L cjo 0@

H H olel.

l I oo °

J J J 1T T,

K K . o e

L L * . oo

M m R e .
N n i o l® . ~
d ¢ e o|o|e®

P P . <|e|e]e

VI— CODES—1

TYPEWRITER KEY
LOWER UPPER CHANNELS
SHIFT SHIFT 8] 7, 6|5 4]+|3]|2
Q Q ol o o
R R ° o
S s eleo o |o
T T IR . °
U u [ I J ol @
\" v o ol e ol @
w w olo o olo|e
X b o o I
Y Y l'el oo
Z Z NIRIEIE
@ + ° .
¢ | o oo |
- A o |
. , o |00
SPACE SPACE . ol e
PUTAWAY | PUTAWAY a8
P4 10) i© o [ JEERN J
com}&*urs@ ST:c_]DP ° o o lalols
CL§E§AR® aga@ o o +lele
_SEUIET o S:IZT@ o (o0 0
jﬁg{l(p DS?!:I:TNO) I i
TAPE TAPE R .
FEED @ | FEED @
o o ot o oo/ 00
QT8 O|® TAB B ° elofc|0l0
BACKSPACE DOES NOT PUNCH
‘NOTES; -

Input Controls. These ex
functions during input;
information in memory.

@

;1’ r,‘“ .l - ? |¢
‘~jsiore k

Typewriter controls. These have no
function during input, and are ignored.

ONO,

When punching with Programmed Formai
from Processor or Converter '

w {code 11 1110) becomes TAB

x {code 11 1111) becomes CARR RET
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PUNCHED CARD CODE
INPUT-OUTPUT

0123456789ABCDEFGHI JKLMNOPQRSTUVWXYZ&-O—§*/1%#@F+A¢E ()dsmne puvwx
i il m 1 i
QLD il 1 ]

Booooooooooo0co000000000000000RMENNENNoooooo BABoooHoo No BEBoocoooo0 o
1} ARRRRRRERY IRRERRERY IRRRRRRRRRRRRRERRRREREN (RREEREERRREEN IRRERER
22022222222022222222022222220222222222222222222222222222 2022222
3330333333330333333330333333303333333 1333303 0333333 030333333333
YY) PRRRYYYYS FRYYRRYR) FYYRYRYY INRYROYY IV FUN IY IRYYYY IYRYYY IYYYY!
5555505555555505555555505555555055555555555555555M5MM555505550510
666666M66666666M66666666M6666666M66666666666666666666666666666686
(RRRRAR] RRRRARRE RRRRRRARA LRARRARRA \RRARERRARRERERRERE IARRAR | 1A 1 1A §
REEEEEE] EEEEEEER] EXREEEER EXRRREED EXY [ EX D EM DD EXN I 1 ER EXRRER 1T L]
999999999099999999M39999993M9999999M9999999999999339993H9999999939

X WILL NOT PRINT ON 1.B.M. 026 PRINTING KEY PUNCH

NOTE: The characters shown above, following “space”, can be punched through a modifi-
cation of the 1.B.M. 026 Printing Key Punch, whereby these characters have been assigned
to the number-shift position on the following keys:

KEY REQTAFDSGNHZCVWX
CHARACTER +A¢£()dsmnepuvwx

The I.B.M. 523 Summary Punch can also be modified to permit punching these characters
from the Universal Converter.



PAPER TAPE INPUT-OUTPUT

I.B. M. 046-047 Z-CHANNEL CODE
(Od:-Parity)

CHANNELS “:sﬁ::“"‘”i CHANNELS

CHARACTERS 87 |6 (5[4 [»|3|2]1]ner CHARACTERS 8|7|6|5]alel3]2]1]NCr
046-047 304 €L X 0[v s *]a]2]1]mm 046-047 304 ixjolv]s]efal2]1]iem

0 0 . . L@ X X ole| [+|o]o|o|X

: 1 T Y Y ololel- Y

2 2 el |2 z z ol Tel-| T T6lR

3 3 o || |ole]c ) ) olo| o] lolejaL

4 4 . H , , elejo|.| |oleleY

5 5 ol [+ 7P¢: E SPACE SPACE . . -

6 6 ol Tlelel |F . _ . . Tage i
- 7 1. :;j‘] & & siele |. ¢

8 8 ;.; 8 @ @,»-_ ole||o g -

9 9 oo o"I H_le.l ¢ o o|c| |0 |28~

A A el | |- | |elT e 0 olelolel.lol [ |qu

B B oo . |e| IK P12 A . ol lo |o

C C eleje| |+ |e|e|T P.L.3 + o lole| o] |228€@

D D 30 ‘e M % % o lo|e]e yRe

E E elelo| |« o ||\ Pl 4 £ olejel.|e| |o|EY

F F elele| |+ oo W $ $ o |olele ..urss\&‘r

G G oo clelele]p EC. 1 ( o000 |
H H oo |0 Q EC. 2 ) o |o|+i00je]7R

I I eleleiel. o|Z / / ole| |o ol1-@

J J . . . ol A * * . olsle space

K K o |o| | o |B # # o/« |o|e|128

L L . o lelo]? P.1.5 d oo (o0 lo|>

M M o o |o]e® D P.I.6 s o |olel.|0 [o]qE

N N . <ol | 0|8 SP. 1 | PUAYAY L7 | lele|elels| o QS

o o . o|ole| |b SP.2 | CORUTEIS | |ele| |alclelel 16Q

P P o |o] [-|o e e|C P.L7 x olc|o |o| A

Q Q ° 10K H END OF LINE 10} A .

R R | . of. o9 ERROR o ° IRIEIE] b ¢

S S o0 . . S SKIP w ] ejleje/s|0 @ &Y

T T o . lelelL ;ggfggtfe%ii;‘@vg oloje ool e olcode Delete

u U oo o|eo U 7coanscno& o ole|e|o|o oftare Ret.

\Y/ \% . oo |®|N A Cr 1) o |o|e|c|0o|o |k

w w o slo|®

NOTES

Input Controls. These exercise control functions during input, and
store no information in memory.

@ These have no function during input, and are ignored.
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PAPER TAPE INPUT-OUTPUT

TELEGRAPHIC CODE
(Non-Parity)

CHARACTERS CHARACTERS CHANNELS
ey | [ s0s | [ELllelaliwes
SHIFT SHIFT 12| |3{a]|s]TEL
A A - - ° o .
COMPUTE
B B ? o :~': ole
C C +7®4 ols |00
D D $ $ . . °
E E 3 3 o |
PUTAWAY 1

F F ) o ° sl 0@
G G & & o ole
H H £ # o ool |o
| | 8 8 o0

J J ' * ® O °
K K ( ( elol.|0fe

L L ) ) o °
M M . . LN BN BN J
N N y y clo|e®
o (v} D ole
P P 0 o|e |0 )

® @O 6

When punching with Programmed Format from Processor or Converter
w (code 11 1110) becomes LINE FEED
x {code 11 1111) becomes CARR RET

Every character in telegraphic code has been assigned a character in 304 code. As a result, the

304 can communicate with any non-standard keyboard.

Input Controls. These exercise control functions during input, and store no information in memory.
The character "?" is interpreted as COMPUTE CODE.
The character “I" is interpreted as PUTAWAY.

These have no function during input, and are ignored.

CHARACTERS CHARACTERS CHANNELS
e oe | [l s0s | FRLGRED
SHIFT SHIFT 2][3]a]s
Q Q 1 1 o|sl0 .
R R 7 4 74 7 o« o
S S ;AisELL @ ® o|@
T T 5 5 . .
U U 7 7 LR AE ]
\"J \% . D*g [IERE K 3R
W w z 2 o °
X X I / / clo|e|e
Y Y 6 6 s|o |o
z A " A ® . °
SPACE SPACE | seace | seace ole
FIGURE FIGURE FIGURE FIGURE ol lole
SHIFT SHIFT @f | sHiFT SHIFT ®
mr | | | | | [ole [l
W e || m | o :
s s 3
@ | o T
NOTES

NCR
TEL.



PAPER TAPE INPUT

KIMBALL DENNISON
PUNCHED-TAG CODE PUNCHED-TAG CODE
(Non-Parity) (Even-Parity)
CHANNELS CHANNELS
7|6|5|4|«|3[2]1]NCR 7|6 |5]|4a{e|3|2]1|NCR
CHARACTERS 7|4 1| KIMBALL {v |7 |*]|4]2] 1| DENNISON
+ ) [ BIEEN [ BN
1 . ° ° . )
2 . ® ® ] [ J
3 . o0 . o e
4 « | @ [ J LR J
5 ol . <@ )
6 e | @ @ LI BN J
Wh ing NCR
7 ® - 46 'le-n3 u:lec:gorder 0 -
(single pr: ,
8 o - . ?hxeggﬁ"so’;:i?%d) ol R
e ftoliowing codes
are read ogt from
9 o . o positions: LA b
PUTAWAY @ ® . ° S—-2 olo|ele °
COMPUTE @ ° sl e S-3 o 0 0 |0@
TAPE FEED @ . $S—9 .
\ . . S—-0 o|sj0 0|0
-_ ® . o S—-1 LK B o e
(73
A o(ec|O®| O [ ] [N BN AN R0]
B cjo|0®|@® o0 .
C [ B [ AN J [ ] ] [ ]
D o000 . . °
E e |0 ° ° o|®
F o0 o @ ° o e

NOTES
Input Controls. These exercise control functions during input, and store no information in flemory.

These have no function during input, and are ignored.

Whenever the parent machine reads a ‘“zero”, the character “~+" will be punched into the paper
tape. This will enable the programmer to verify, in every case, that a field of the proper length has
been read info the Processor. The first Arithmetic operation performed on each field within the
Processor will, of course, replace every “+" with a “zero”.

® OO0

All of Kimball Code, and Dennison Code down through the letter “A", may be used for 5-channel
telegraphic transmission from outlying data-origination points to the central Data-Processing Center.
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PAPER TAPE INPUT
CASH-CONTROL CODES

Non-Parity Even-Parity
May be punched with May be punched with
Kimball Tags Dennison Tags
CHANNELS CHANNELS
CHARACTERS 8 |7 6|54 |o|3]|2]1 8|76 |5|a|e|3]|2
+ o [ Y ) [ B )
1 L] . [ ® .
2 . ® [} . [ ]
3 ° . ° ° . °
4 ol ° . |0
5 o ) . o l®
6 cjoe ¢ |ol@
When using NCR
7 ® | 461-3 Recorder |0 o
(single program,
8 ° PO fixed diode-board) Py PN
the following codes
are read out from
9 LA L4 positions: LA L4
PUTAWAY @ ] . ° S-2 ° o o +0
COMPUTE @ ° ole S-3 o|jo|es 00
TAPE FEED . S-9 .
\" ° . S-0 ° L AEE N )
— ° ° . S—-1 L] o o . ]
A e(s |00 ' ° I
B . clo|e oo .
C ® @] [ ] [ J [ ] .
D ° o cjo0® 'y . 'y
E ° ele |0 ° ol
F oo ° o .
NOTES

® Input Controls. These exercise control functions during input, and store no information in memory.
@ These have no function during input, and are ignored.

Whenever the parent machine reads a “zero”, the character “+" will be punched into the paper
tape. This will enable the programmer to verify, if every case, that a field of the proper length has
been read into the Processor. The first Arithmetic operation performed on each field within the
Processor will, of course, replace every "+ with a “zero”.

Cash-Control Codes are formed by substituting Channel 8 for Channel 1 in conventional codes.
The Cash-Control Codes will normally be used only for input to the Data-Processing System, and
should be specified for Cash Registers and for all other recording devices which provide mechani-
cal control over the integrity of cash entries.

By using the TEST READER CODE Instruction, the Processor program can guarantee that cash
transactions are input only in Cash-Control Code. Since the Tape-Punching Typewriter is incapable
of punching in Channel 8, it cannot be manipulated to punch Cash-Control Code, and it is therefore
impossible to simulate a cash-transaction paper tape with the Typewriter.
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PAPER TAPE INPUT

NCR CASH-CONTROL CODE (EXTENDED)

(Odd-Parity)

TYPEWRITER KEY

TYPEWRITER KEY
LOWER UPPER CHANMELS
SHIFT SHIFT 8|7]6]5]a |32
0 ) . ole| |0
1 1 ] .
2 L . ®
3 # oo . °
« | s ] .lo
5 % | ole o|®
] / ° o lo|®
7 & ° .|ole
8 * o
9 { oo o .
A a o oo ° .
B B o |eof | °
C ¢ o ° o [« |o
D d i o |o ole
E E ° ° ol®
F F ° 0@
G G oo ° elole
H H o lolo .
I I ° K
J J olole .
K K ole . °
L L o |o . °
M m oo oleo
N n o |o ole
o o ° ciele
P p elele oo

The complete Extended Code (equivalent to NCR Typewriter
Code) is mechanized in the 360 Paper-Tape Reader, offer-
ing o wide choice of identification characters when this Code
is used with a keyboard machine and Paper-Tape Recorder.

LOWER UPPER CHANNELS
SHIFT SHIFT 6151ale]3s
Q Q ol |ofs
R R o |of
S S oo .
T T ool |-
U u [ BN ] el @
\4 v ol e ol @®
W w o e ol ®
X X ol e ol @
Y Y ojolof.
y4 y4 o ole.
@ + [ ] .
¢ E] ole N
- A ° .
°® ’ ele| @
SPACE SPACE olelo
PUTAWAY(D PU];WAY@ o+l e
COM)PUTEo ST’_S])P > o ol ol e
CLl;iARCD CL&AR o olole
Sl:::T (0] SFL:II;T o [ 2 2
DS?II\;ZI’N(D DsamNo} o @ e
ot o| somo| [oloeleo]"
TAPE TAPE .
FEED @ FEED @
CRAE';R o C:ék ()] [ I JCRN ]
TAB @ TAB @ olo|leleo
BACKSPACE DOES NOT PUNCH
NOTES

@ Input Controls. These exetcise control
functions during input, and store no
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information in memory.

Typewriter controls. These have no
function during input, and are ignored.




MULTI-PURPOSE CONVERTER CONTROL PANEL

POWER SWITCHES

At the right side of the panel, in the upper row, are five power switches
for the Converter and its peripheral units. From left to right, the switches
control:

Paper Tape Reader

Punched Card Reader

Printer

Paper Tape Punch

Converter and Magnetic Tape Handler
(Controls for the Card Punch are
mounted on its own cabinet)

Each of the five units is represented on the Control Panel by:
An ON button;
An OFF button;
A BUSY 1light.
When the power is first turned on at any unit, its ON button will
show a blue light (not ready), while that unit goes through its

own warmup-test cycle.

When the unit has completed its self-testing operation, its ON
button will show a yellow light (ready).

Whenever the unit is actually in use, its yellow BUSY light will
be turned on.

If the unit should, for any reason, go into an Error-Halt, its ON
button will show a red light.

OPERATION SELECTOR

This dial switch selects any one of ten operations to be performed by the
Converter:

Paper Tape Reader to Magnetic Tape

Card Reader to Magnetic Tape
Card Punch from Magnetic Tape
Paper Tape Punch from Magnetic Tape
Printer from Magnetic Tape
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Advance magnetic tape one record

Backup magnetic tape one record

Write a CRM-record on magnetic tape

Erase magnetic tape to the end of the reel

Search magnetic tape for a record corresponding to the
Record Selection Switches, then Halt

Paper Tape to Magnetic Tape:

The information on the paper tape is transcribed to magnetic tape,
character by character, as d -word records.

The "putaway" code on paper tape has the same function as when the
Processor itself is reading directly into Memory, except that put-
aways on magnetic tape are left-justified. After a "putaway" code,
the previous field will appear at the left end of the word on
magnetic tape, with the rest of the word filled out with sewes to
the right. e

The "compute" code on paper tape causes a putaway (unless the
Converter's Input Register is empty), and then fills out the
balance of the current record on magnetic tape with zeres.

Punched Cards to Magnetic Tape:

Each card is transcribed to magnetic tape as a minimum-length
10-word record.

Column 1 on the card goes into the 99-field of the first word in
the record, colum 2 goes into the 88-field, etc. Columns 11-20
occupy the second word of the record, and so on for eight words.
Then the Controller records two more words of "spaces" to com-
plete the 10-word record.

Magnetic Tape to Punched Cards:

Eight words of each magnetic tape record are delivered to the
Card Punch (see description of Magnetic Tape Mode Switch).

The plugboard of the Card Punch may be used for its conventional
functions.

Magnetic Tape to Paper Tape:

Twelve words of each magnetic tape record are delivered, character
by character, to the Paper Tape Punch, starting with the 99-field
of the initial word (see description of Magnetic Tape Mode
Switch). :

If the record is shorter than 12 (or 13) words, the Converter
fills out the balance of the 12-word Punch Block with "spaces".
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Magnetic Tape to Printer:

Twelve words of each magnetic tape record are delivered to the
Printer (see description of Magnetic Tape Mode Switch).

If the record is shorter than 12 (or 13) words, the Converter
fills out the balance of the 12-word Print Block with "spaces".

MAGNETIC TAPE MODE

This dial switch is operative only during output operations, and it selects
"edited" or "unedited" magnetic tape operation.

For this purpose, an "edited" magnetic tape is defined as a tape
on which every record has had its first word edited to contain a
slew control in the 99-field (if the tape is to be printed) and
a record identification in the 80-field.

Operating in the "edited" mode, the Converter delivers the
second through the thirteenth word of every record to the
Paper Tape Punch or the Printer, and the second through
the ninth word of every record to the Card Punch.

When printing, all the slew controls described on page
IV-X-3 are effective, except that there is no "branch"
marker set by a "skip" code on the Printer's slew-control
tape loop. Therefore, when editing for off-line printing,
it is necessary to have the editing program count the lines
on each page.

For this purpose, an "unedited" magnetic tape is defined as a
tape on which the records have not had their first words edited
in this fashion.

Operating in the "unedited" mode, the Converter delivers
the first through the twelfth word of every record to the
Paper Tape Punch or the Printer, and the first through the
eighth word of every record to the Card Punch.

The three positions O, 1, 2 of this switch are differentiated
only when printing. Since there is no slew control in each
magnetic tape record, these positions govern the vertical
spacing of the printer; they cause it to skip 0, 1, or 2
lines after each printed line (that is, print single, double,
or triple-space). On the Printer's slew-control tape loop,
the configurations "skip" and "stop" retain their functions,
and may be used in their conventional capacities, except for
automatic end-of-page branch (see page W-Xx-3).

When operating the Paper Tape Punch or the Card Punch, the

three positions O, 1, 2 of this switch have identical func-
tions; any one of them specifies "unedited" tape.
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OPERATING CONTROLS

At the left side of the panel, in the second row, are five Operating Control
Switches:

OPERATE CONVERTER:

Pressing this switch causes the Converter to begin operating as
defined by the Operation Selector Switch, the Magnetic Tape Mode
Switch, and by the other Operating Control Switches.

RESET CONVERTER:

Pressing this switch returns the Converter to the operating state
after an Error-Halt. The red light in the Converter's Power On
Switch will then be replaced by a yellow light.

CONTINUOUS /SINGLE :
Yellow light: Continuous operation. The Converter will per-
form the operation specified by the Operation Selector Switch,
continuously.
Blue light: Single-record operation. The Converter will per-

form the operation for one magnetic tape record (i.e. one printed
line, one punched card, etc.) and then halt.

The five operations specified at the right side of the

Operation Selector Switch are always single; they are
independent of the state of this Control Switch.

SELECTIVE QUTPUT:

Yellow light: No. The Converter delivers every record on the
magnetic tape to the Printer, Paper Tape Punch, or Card Punch.

Blue light: Yes. The Converter delivers to the output device
only those records in which the 80-field of the first word
exactly corresponds to the settings of the Record Selection
Switches.,

This Control Switch functions only when performing an

output operation (Print, Punch Cards, Punch Paper Tape)
from "edited" magnetic tape.
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CRM: Yellow light: Halt, if the Converter encounters any magnetic
tape record containing a CEM ("v" in the L44-field of the first
word). Do not output the CHM-record.

Blue light: Ignore the presence of a CRM in any record,
treating it just like any other record.

This Control Switch has no function when performing an input
operation.

STATUS LIGHTS

At the left side of the panel, in the top row, are five Status Lights:

HANDLER OR CARD PUNCH, OPERATOR ATTENTION: Blue light.

The Handler is at the end of the tape (positioned on the trailer),
or else it has finished rewinding (positioned on the leader).

In the Card Punch, either the input stacker is empty, or the
output stacker is full.

PAPER TAPE READER, MEDIA ERROR: Blue light.

The Paper Tape Reader has encountered a punched configuration
which does not meet the (odd or even) parity requirement of the
code being read.

The character "x" (code 11 1111) is substituted for the illegible
character on the magnetic tape, and reading continues until the
record is complete. Then the operation halts, and this blue
light is turned on.

The recommended procedure is for the operator to record a CRM-
record on the tape (following the record containing the illegible
character), and then to resume the operation. When this magnetic
tape is later read into the Processor, the program must take
account of this possibility.

This procedure is based on the fact that, if the Paper Tape
Reader finds the same configuration punched into the tape, at
both of its duplicate reading stations, and if that configuration
does not meet parity, this can only be the result of an incorrect
punching of the tape, and there is no point in attempting to
re-read.

HANDLER ERROR HALT: Red light. Reset at the Handler.
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HANDLER SEARCH HALT: Blue light.

When performing the Search-Halt Operation, the Handler has found
the desired record, and has therefore halted.

HANDLER CRM HALT: Blue light.

The Handler has encountered a CRM-record, and has therefore
halted,

RECORD SELECTION SWITCHES

These nine switches are operative during the Search-Halt operation, and
during Selective Output of "edited" magnetic tape. The switches are numbered
to correspond to the character-positions of the first word of each record on
the tape: the field which has been edited to contain a record identification.

Each of these switches may be set to any one of 41 characters, or
to "ignore".

During Search-Halt operation, the Handler searches the magnetic
tape until it finds a record corresponding to the setting of the
Record Selection Switches. Then the Handler halts, and the blue.
Handler Search Halt light on the Converter panel is turned on.

During Selective Output, the Handler performs the same search,
and then the Converter delivers the selected record to the
Printer, Paper Tape Punch, or Card Punch.

If the Converter is set to Single-record operation, the
operation terminates, and the Converter halts,

If the Converter is set to Continuous operation, the
Handler immediately begins another search, and so on.

During the search, each of the nine Record Selection Switches
(other than those set to "jgnore") is compared with the cor-
responding character-position in the 80-field of the first word
in each record on the magnetic tape. The search teminates when
exact correspondence is found, in every character-position,
between the record identification on the tape, and the setting
of the Record Selection Switches.
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NON-DATA CHARACTERS AT THE PRINTER

When editing programs, or Memory Dumps, for off-line printing, it is not
possible to rely on the Overflow Alarm to identify those lines which con-
tain non-data characters. The editing program must test each line,
before recording it on magnetic tape, to determine whether there are any
non-data characters in it; if so, then they must be located, and the
Program must edit an additional line as explained on page IV-X-4. All

of the standard Memory-printout programs include this feature when edit-
ing.for off-line printing.

'CORREC TIONS TO THIS SECTION

Please make the following corrections in Section VI-320:

Page 1, add the following just before the heading "Operation Selector":

A1l power switches are inoperative whenever the
Converter is in operation.

Page 2, Paper Tape to Magnetic Tape:

The information on paper tape is transcribed as 13-word
records.

After a "putaway" code, the rest of the word will be filled
out with spaces to the right.

The "compute" code causes a putaway, then fills out the
balance of the record with spaces.

Page 2, Magnetic Tape to Paper Tape:
If the record is shorter than 12 (or 13) words, the Converter
does not fill out the balance of the 12-word Punch Block.
Only the 9, 10 or 11 words from the Magnetic Tape will be
punched.

Page 4, Selective Output:

This Control Switch functions at all times when performing
an output operation (Print, Punch Cards, Punch Paper Tape)
from either "edited" or "unedited" magnetic tape.

NOTE ¢ All fill-out of the current record is normally with "spaces".
However, there is a switch inside the Converter cabinet, available
to maintenance persomnel, which will cause all fill-out to be with
"zeros" instead.
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CARD PUNCH READER HANDLER HANDLER HANDLER
OPERATOR MEDIA ERROR SEARCH CRM
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OPERATE RESET CONTINUOUS SELECTIVE CRM
CONVERTER CONVERTER OUTPUT HALT IGNORE
SINGLE NO YES
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e TN EDITED
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CARD READER—\-\ /_ BACK UP 1 RECORD AN

CARD PUNCH — WRITE CRM RECORD /
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PRINTER CONVERTER CONTROL PANEL

POWER SWITCHES

At the right side of the panel, in the upper row, are power switches for the
Converter and Magnetic Tape Handler, and for the Printer.

Each of these units is represented on the Control panel by:
An ON button:
An OFF button;
A BUSY light.
When the power is turned on at either unit, its ON button will
show a blue light (not ready), while that unit goes through its

own warmup-test cycle.

When the unit has completed its self-testing operation, its ON
button will show a yellow light (ready). :

Whenever the unit is actually in use, its yellow BUSY light will
be turned on. -

If the unit should, for any reason, go into an Error-Halt, its
ON button will show a red light.

OPERATION SELECTOR

This dial switch selects the operation which is to be performed by the
Converter: '

Print "edited" magnetic tape
Print "unedited" magnetic tape
Selective Print "edited" magnetic tape

Search magnetic tape for a record corresponding to the
Record Selection Switches, then Halt

Advance magnetic tape one record

Backup magnetic tape one record

For this purpose, an "edited" magnetic tape is defined as a tape on which
every record has had its first word edited to contain a slew control in the
99-field, and a record identification in the 80-field.

Operating in the "edited" mode, the.Converter delivers to the
Printer the second through the thirteenth word of every record.
If the record contains less than 13 words, the Converter fills
out the balance of the Print Line with "spaces".
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A1l the slew controls described on page IV-X-3 are effective,
except that there is no "branch" marker set by a "skip" code
on the Printer's slew-control tape loop. Therefore, when
editing for off-line printing, it is necessary to have the
editing program count the lines on each page.

For this purpose, an "unedited" magnetic tape is defined as a tape
on which the records have not had their first words edited in this
fashion.

Operating in the "unedited" mode, the Converter delivers
the first through the twelfth word of every record to the
Printer. If the record contains less than 12 words, the
Converter fills out the balance of the Print Line with
"spaces".

Since there is no slew control in the magnetic tape record,
the positions O, 1, 2 of this switch govern the vertical
spacing of the Printer; they cause it to skip O, 1, or 2
lines after each printed line (that is, print single, double,
or triple-space). On the Printer's slew-control tape loop,
the configurations "skip" and "stop" retain their functions,
and may be used in their conventional capacities, except for
automatic end-of-page branch (see page IV-X-3).

OPERATING CONTROLS

At the left side of the panel, in the second row, are four Operating Control
Switches:

OPERATE CONVERTER:

Pressing this switch causes the Converter to begin operating as
defined by the Operation Selector Switch, and by the other
Operating Control Switches.

RESET CONVERTER:

Pressing this switch returns the Converter to the operating
state after an Error-Halt. The red light in the Converter's
Power On Switch will then be replaced by a yellow light.
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CONTINUOUS/SINGLE:

Yellow light: Continuous operation. The Converter will
perform the printing operation specified by the Operation
Selector Switch, continuously.

Blue light: Single-record operation. The Converter will
print the contents of one magnetic tape record (i.e. one line
of print) and then halt.

Yellow light: Halt, if the Converter encounters any magnetic
tape record containing a CRM ("y" in the A44-field of the first
word). Do not print the CRM-record.

Blue light: Ignore the presence of a CEM in any record,
treating it just like any other record.

STATUS LIGHTS

At the left side of the panel, in the top row, are four Status Lights:

HANDLER, OPERATOR ATTENTION: Blue light.

The Handler is at the end of the tape (positioned on the
trailer), or else it has finished rewinding (positioned on the

leader).
HANDLER ERROR HALT: Red light. Reset at the Handler.
HANDLER SEARCH HALT: Blue light.

When performing the Search-Halt Operation, the Handler has found
the desired record, and has therefore halted.

HANDLER CRM HALT: Blue light.

The Handler has encountered a CRM-record, and has therefore
halted.
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RECORD SELECTION SWITCHES

These nine switches are operative during the Search-Halt operation, and
during Selective Printing of "edited" magnetic tape. The switches are
numbered to correspond to the character-positions of the first word of each
record on the tape: the field which has been edited to contain a record
identification.

Each of these switches may be set to any one of 41 characters,
or to "ignore".

During Search-Halt operation, the Handler searches the magnetic
tape until it finds a record corresponding to the setting of the
Record Selection Switches. Then the Handler halts, and the blue
Handler Search Halt light on the Converter panel is turned on.

During Selective Printing, the Handler performs the same search,
and then the Converter delivers the selected record to the
Printer.

If the Converter is set to Single-record operation, the
operation terminates, and the Converter halts.

If the Converter is set to Continuous operation, the
Handler immediately begins another search, and so on.

During the search, each of the nine Record Selection Switches
(other than those set to "ignore") is compared with the corres-
ponding character-position in the 80-field of the first word in
each record on the magnetic tape. The search terminates when
exact correspondence is found, in every character-position,
between the record identification on the tape, and the setting
of the Record Selection Switches.

NON-DATA CHARACTERS AT THE PRINTER

When editing programs, or Memory Dumps, for off-line printing, it is not
possible to rely on the Overflow Alarm to identify those lines which contain
non-data characters. The editing program must test each line, before re-
cording it on magnetic tape, to determine whether there are any non-data
characters in it; if so, then they must be located, and the program must
edit an additional line as explained on page IV-X-4. All of the standard
Memory-printout programs include this feature when editing for off-line
printing.
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MAGNETIC TAPE CONTROLLER - CONTROL PANEL

OPERATING SWITCHES

SELECTION:
This is a rotary switch which permits any number to be
assigned to any Controller.

OPERATE:

After any error-halt this button resets the Controller, and
places it back in the operating state.

Blue light: When power is turned on in the Controller
(this is done at the Operator's Console) this button shows
a blue light while the Controller and its Handlers are in
their automatic warmup-test cycles.

Yellow light: When the Controller and all its Handlers have
completed their cycles, this button shows a Yellow light,
indicating "ready".

EMERGENCY OFF:

Power is normally turned on and off in all peripheral units
from the main Operator's Console. However, in the event of
fire or other emergency, each peripheral unit has an
EMERGENCY OFF button which completely cuts off all circuits
in the unit.

A NOTE ON THE COPY-BUFFER

The Controller contains a small circulating buffer-storage, to accommodate
the minor differences in speed which must occur between the two Handlers
during a Copy. In a long Copy, the speed differential may build up beyond
the capacity of this buffer; if so, the Controller automatically stops both
tapes, repositions them at the beginning of the record in which the buffer
overran, and then immediately resumes the Copy with no attention from the
program, or from the operator. In a long Copy, this condition will occur
after an average of 25,000 words have been copied; in a short Copy it will
rarely occur.

330
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INDICATOR LIGHTS

DUPLICATE HANDLERS:

The Controller will immediately error-halt if two or more of
its Handlers have been assigned the same number,

HALT ON BUFFER OVERRUN:

There may be occasions when Management will choose to take

the risk of deferring routine maintenance in favor of emergency,
or high-priority, processing. It is possible under these cir-
cumstances that two Handlers might eventually get far enough
apart in speed so that the buffer would overrun during the first
record copied, or during first record after the automatic re-
sumption of a Copy, making it impossible to proceed.

In that case the Controller error-halts, and turns on the red
light for BUFFER OVERRUN,

SEARCH CONTROL ERROR:

The Search Control Word, used by Copy, is stored in the
Controller during the Copy, in a recirculating register. The
contents of this register is continuously checked; if any
parity-failure occurs, the Controller error-halts and turns
on this red light.

CONTROLLER EUSY:

Yellow light whenever the Controller is busy. This duplicates
the corresponding light on the main Operator's Console.

HANDLER ERROR BRANCH:

Blue light whenever one of the Handlers detects an error of the
type which causes a program branch.

This light flashes momentarily if the error occurs in a Read,

Write, or Write-Copy-Read; it stays on until the next time the
Controller is used if the error occurs in a Write-Copy.

HANDLER WRITE LOCKOUT:

Red 1light to indicate error-halt whenever the program attempts
to Write on any Handler which is in the Write Lockout state
(ie - the tape reel does not have a Write-Permissive Ring
attached to it).
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HANDLER WRITE ON TRAILER:

Red light to indicate error-halt if the program, in spite of
the Destination-Tape Warning Marker (pwM , attempts to record
on the trailer which fastens the tape to the reel.

HANDLER BRM/ERM ERROR:

Red light to indicate error-halt if a Handler encounters a
failure in the BRM/ERM alternation check, or does not find
the record-marker within the time permitted by the Timing
Check.

This light is also used to indicate any other condition (such
as broken tape, loss of vacuum, etc.) which would cause a
Handler to error-halt.
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MAGNETIC TAPE HANDLER CONTROL PANEL

OPERATING SWITCHES

SELECTION:

This is a rotary switch which permits any number to be as-
signed to any Handler. If two Handlers on the same Controller
are assigned the same number, the Controller immediately
error-halts,

POWER ON-OFF':

The Handler is the only peripheral unit with its own power
control, so that one or more Handlers may be turned off for
several hours if current processing does not require them.

This switch is normally left ON, in which case the Handler
power goes on and off simultaneously with the Controller
power.

Blue light: When power is turned on in the Handler, this
button shows a blue light while the Handler is in its automa-
tic warmup-test cycle.
Yellow light: When the Handler has completed this cycle,
this button shows a yellow light, indicating "ready".

USE LOCKOUT:

SET shows a blue light, or CLEAR shows a yellow light, at all
times, to indicate the state of the Handler,

The buttons may be used to SET or CLEAR Use Lockout manually.

REWINDING:
Shows a blue light when the Handler is executing a Rewind.

The button may be used to manually initiate a Rewind, but
this button is inoperative while the Handler is in use.
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INDICATOR LIGHTS

WRITE LOCKOUT:

SET shows a blue light, or FREE shows a yellow light, at all
times, to indicate the state of the Handler.

TAPE SELECTED:

A yellow light is turned on for SOURCE or DESTINATION when
the Handler is used. This light then remains on, and shows
the function last executed by the Handler. A Handler will
usually be used only as source or as destination for extended
periods of time, and therefore these lights indicate the func-
tion of each Handler during the current program.

TAPE MALFUNCTION:

Red light to indicate Handler error-halt due to failure of any
of the numerous automatic checks which are continuously being
performed.
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WRITE LOCKOUT

Write Lockout consists of completely disconnecting the record-
ing circuits in a Handler. It is established on any Handler by the absence
of a Write-Permissive Ring attached to the reel of tape. Since NCR pro-
vides only one Ring per Handler (and several of those should be carefully
locked away) it is impossible for the operators to attach Rings to reels
promiscuously, and if a Ring is accidently left on after a reel has been
removed from the Handler, there will be no Ring available for the next
reel. As a further safeguard, the reel will not fit into its plastic

storage~-box if it still has a Ring attached to it.

If desired, Write Lockout may also be established on any
Handler which is never to be used as Destination, by means of a switch

available to the Maintenance Engineer.
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OPERATION OF MAGNETIC TAPE HANDLER

The Tape Drive mechanism uses a Supply Reel and a Take-up
Reel, appropriate capstans to lead the tape by the proper route from one
Reel to the other, pinch-rollers to drive the tape in either direction,
and brakes to stop the tape. (For simplicity, the pinch-rollers and
brakes are not shown on the schematic diagram which appears at the end of
this section.) At each side of the Handler is a glass-enclosed vacuunm
chamber containing a free loop of tape; air is pumped out through ports
at the upper and lower ends of each chamber, and the tape loops are con-

tinuously held in approximately the positions shown on the diagram.

While the Handler is operating, the tape is moved at a con-
tinuous rate past the Read-Write Heads. When the tape is moving forward,
this causes the left-hand loop to shrink, and the right-hand loop to grow,
in their respective chambers. These "out of balance" conditions are de-
tected by devices which are highly gsensitive to air-pressure changes in
the chambers, and which cause the Reels to turn, adjusting the slack in

the loops.

Whenever the left-hand loop shrinks, the Supply Reel begins to
unwind; when the loop has resumed its proper size, the Reel stops turning.
Whenever the right-hand loop grows, the Take-up Reel begins to wind; when
the loop has resumed its proper size, the Reel stops turning, When the
tape is moving in the reverse direction, the entire operation is reversed.
Thus each Reel turns intermittently (although to the eye the motion usually

appears continuous) in order to accommodate itself to the movement of the

tape.
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While the Handler is operating, three Tape Sensing Stations
are activated by the presence or absence of an electrically conductive

coating on the back of the tape:

Tape Sensing Station A:

Detects beginning of trailer in the forward direction.
End-of-tape for Source Tape.
Error-halt for Destination Tape.

Detects beginning of leader in the reverse direction.
Termination of Rewind.

Tape Sensing Station B: Active only for Destination Tape.

Detects presence of leader, indicating that Handler is at
the beginning of tape. When tape is started, the Write Head
erases the tape until this Station detects end of leader, at
which time the Write Head begins to record the information
on the tape, about 3 feet from the beginning.

Detects Destination-tape Warning Marker (DWM) which signals
that end of tape is approaching.

Tape Sensing Station C: Active only for Source Tape.

Detects presence of leader, indicating that Handler is at
the beginning of tape. When tape is started, no reading is
attempted until this Station detects end of leader.

The Timing Check (see Chapter II) is then replaced by the
requirement that the Read Head must find no information on
the tape before the first ERM.

Length of Leader: 2L feet.
Length of Trailer: 12 feet.
DWM to Trailers: LO feet,

Conductive coating on the back of the tape:
Leader and Trailer, full width of the tape.
Destination Warning Marker (DWM), half width of the tape.
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CHANGING TAPES

The cabinet door, which provides access to the tape, is auto-
matically locked at all times by an electrically-operated bolt, except when
the Handler is in a Use Lockout state. Therefore the operator cannot touch
the tape unless it has been rewound, with Use Lockout, by the program.

When a tape is to be rewound, but remain on the Handler for later use, the
program will rewind without Use Lockout and deny the operator access to
the tape. In unusual circumstances it may be necessary to provide manual
access to the tape at a normally unauthorized time; the operator may then
set Use Lockout manually on the Control Panel and permit the door to be

opened, but this cannot happen inadvertently.

When the tape is being rewound, the operation continues until
the beginning of the leader is detected at Tape Sensing Station "TAM
whereupon the tape comes to rest with the tape-to-leader splice lying be-
tween "A" and the Supply Reel. If the tape was rewound with Use Lockout,
the operator may now open the door, and this automatically sets a brake on

each Reel.

The operator must next swing the Tape Clamp into position to

hold the tape against "A". He then:
Opens the splice
Removes the Supply Reel

Transfers the Write-Permissive Ring to the new
Supply Reel if this is a Destination Tape

Mounts the new Supply Reel

Splices the tape to the leader

Releases the Tape Clamp

Closes the door (which releases the Reel Brakes )

Presses CLEAR USE LOCKOUT on the Control Panel.
and the Handler is once more ready for use, with the door locked.
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If the operator forgets to release the Tape Clamp, or fails
to close the door properly, the CLEAR USE LOCKOUT button is inoperative,
and the Handler will remain in the Use Lockout state until both conditions
have been corrected. If a tape should be mounted on a Handler while the
power is off (the door is unlocked at that time also) and then the power
turned on, the Handler will never complete its warmup-test cycle (blue
light in the Power button) unless the Tape Clamp is released and the door

closed, even if the Handler is not in Use Lockout.

The tape-to-leader splice is accomplished in the following

manner:

MAGNETIC TAPE LEADER PERMANENTLY FASTENED
TO TAKE-UP REEL

) S

UNFASTENED

} — )

FASTENED

It will be noted that the leader (which is permanently fastened
to the Take-up Reel) remains completely threaded at all times while chang-
ing tapes. In fact, the major portion of the tape drive is hidden by a

cover, represented by the shaded area in the schematic diagram. This cover
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serves as a dust-guard for the Read-Write Heads, and also locks the glass
doors of the vacuum chambers; the operator should never have any reason

to open this cover,

Near each Reel is a button marked REEL BRAKE., While this
button is pressed, the brake on the corresponding Reel is released. The
operator will momentarily release the brake on the Supply Reel so that he
may rotate it to the most convenient position for closing the tape-to-
leader splice. Only the Maintenance Engineer should ever have occasion to

touch the release button for the Take-up Reel.
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