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PREFACE

Preface

This volume in the ElectroData Data=Processing Library, the Operational
Characteristics of the DATATRON 220, is intended to be the basic reference for
the professional programmer, Not only is it written in the language of the
programmer, but this volume abounds in the system details without which the
professional cannot satisfactorily perform his job: in a sense, this volume
is primarily a translation of the flow diagwams, logical equations, and
circuit diagrams which are the ultimate source of knowledge concerning the

DATATRON 220 System,

The organization of this book is intended to answer the needs of the
professional, For example, it is in loose~leaf form, not only to facilitate
changes in its contents, but also to allow the book to lie flat on a desk for
ease of use, The pagination, also, was designed to permit easy addition.to,
deletion from, and/or change of the contents, The various sections of the
book are set apart by colored index tabs for easier reference, The format
of the pages was chosen to permit rapid reading as well as to provide space
for exegetic notes which the owner of the volume might deem useful (such

notes, it is hoped, would be communicated to the editors),

One other aspect of this book's organization is worth noting: parts
of the technical information appear repeatedly in different sections, frequently
in exactly the same wording, This repetition and identity of style was delibe
erates the function of this technique is to permit the reader to have in front
of him, when he needs it, the bulk of important information; the identity of

style permits instant recognition of this basic information. Cross references
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were reduced in this manner, but not eliminated entirely. Besides,
there are certain basic notions which are defined once, and for which
the reader must hold himself responsible. In this effort he will be
assisted by glossaries of terms and symbols which appear as appendices

to this volume,

A final explanatory note is in order: this book is not intended as
a "programming manual'" in the sense in which that term is ordinarily
used. This is not an apology: it is a statement of fact; this book is
a manual for programmers, The novice will find in the ElectroData Data-
Processing Library other volumes whose purpose it is to introduce him

to programming and the art of coding a stored-program digital computer.

On the other hand, the person who comes to the DATATRON 220 with
experience in other stored-program computing systems will find in this
volume sufficient information to provide him with a comprehensive
knowledge of the DATATRON 220 System. This knowledge can be acquired
without the formality of classroom attendance (but, of course, actual
experience on a machine would assist in its assimilation), especially
if this volume is supplemented by the Handbook of Programming and
Coding Techniques for the DATATRON 220. Operational Characteristics
was designed especially to serve the purposes of the experienced

programmer.,

A separate Handbook of Operating Procedures for the DATATRON 220

contains information required for actual operation of the system.

It is unlikely that this volume is error-free. The editors will

be grateful for communications which describe the errors which remain.
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ADVICE TO THE READSK

Advice to the Reader
The purpose of this book is to provide a description of the operational
characteristics of the DATATRON 220 CGlectronic Data~Processing Systemj the

book is intended to be a manual for programmers not a programming manual,

If the reader is to take advantage of the contents of the book, he ought
to be familiar with its organization, In Section I, Introduction, the reader
will find = general description of the System and its characteristics, Section
VI1I contains the appendices, and therein the reader will find such useful
information as summaries of operations, pglossaries of terms and symbols, as

well as other useful tools of the trade,

Fach of the remaining sections of the book is devoted to a description of
some component of the system. Each section begins with an exposition of the
characteristics of the component and a description of the place of the

component in the systen,

For example, Section II is concerned with the DATATRON 220 Digital
Computer, In the beginning of the section the reader will find a physical
description of the Computer; a description of the arithmetic and control
units; the representation of information; the B register; the format of

instruction words; the operation cycle; information flow; etc,

The operation cycle of the DATATRON 220 is divided into two parts, a
Petch Phase and an Execute Phase, The Fetch Phase is the same for every
operation, and is described, with flow charts, once and for all in the
beginning of Section II, In order to complete the description of every

operation, all that is required are the details of the LExecute Phase:
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

the second part of each section is a detailed description, including abbrev-

iated flow charts, of every Execute Phase,

Typically, the pages corresponding to the Execute Phase of every operaw
tion will list the operation name, code, abbreviation, execution time,
instruction format (a definition of every field in every instruction word
appears also), a description of the operation in summary and flow chart
form, a list of exceptional condition, pertinent remarks, and a tabulation
of the status of control and arithmetic registers after the operation is
complete, If examples are required toc make clearer the text, they are

included,

It is clear from the foregoing that the introductoery material in each
section ought to be read before the descriptions of the Execute Phase, In
fact, the reader is cautioned that in the writing of the Execute Phase a

knowledge of the introductory material was assumed,

The reader is reminded that Appendix 4 is a Glossary of Terms and
Appendix 5 is a Glossary of Symbolst he should find both of these useful

in helping him to find his way through the book,
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INTRODUCTION

The DATATRON 220 is a general-purpose, stored-program,
sequentially-controlled, automatic, decimal, digital, computer
system., The system, organized on a building~block basis, permits
the inclusion of the following units, in addition to the DATATRON
220 Digital Computer:

1. The Control Console, which is actually a necessary
adjunct to the Computer, is equipped with operating controls and
indicators for the entire system. Associated with the Control
Console is 2 decimal keyboard for (supervisory) input and a
character-at-a-time printer for (supervisory) output.

2, Magnetic~core working-storage, available in incre-
ments of 1,000 words, ranges from 2,000 to 10,000 44-bit words.
The 8,4,2,1 binary code is used to code the ten-decimal-digit-
plus-sign-digit-position word. Each 5,000 words of storage is
housed in its own package.

3. Auxiliary storage is provided by magnetic-tape
facilities. Up to ten Magnetic-Tape Storage Units or Datafiles,
in any combination, may be included in the DATATRON 220 System.
Each Magnetic-Tape Storage Unit can store from 875,000 to 1,376,000
words; each Datafile has capacity for from 3,125,000 to 4,880,000
words, A block stored on magnetic tape may vary in length from
ten to 100 words,

4. As many as ten photo-electric paper-tape readers

may be included in the DATATRCN 220 System.

10/18/57
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

5. As many as ten paper-tape punches may be included
in the System. For any of these paper-tape output stations, a
(supervisory)printer may be substituted.

6. The Cardatron provides facilities for on-line
punched~card input and output and line-at-a-~time printed output.
As many as seven input-output devices may be attached to the
Cardatron, thus becoming a part of the DATATRON 220 System. The
unique buffering system of the Cardatron permits simultaneous
operation of its several input-output devices independently of
Computer control. Automatic editing and translation of alpha-
numeric information to and from the DATATRON code is provided by
the Cardatron.

7. With the DataPrinter, the DATATRCN 220 System has
high-speed, line-at-a-time printing facilities., The tape-driven
DataPrinter may be used on line -- in which case as many as ten
of them may be included in the System -~ or off line -- in which

case an arbitrary number of DataPrinters can be used. The

DataPrinter has its own buffer storage and comprehensive plugboard

editing facilities.

I-1-2 9/1/57



THE COMPUTER

Description of operation:

Summary:

Perform no operations at the time the operation code is sensed at the .
beginning of the Execute Phase, the execution is completej the computer
proceeds to fetch the next instruction,

Flow chart:

Clear rE, rIB.

Operation complete,
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Exceptional conditionss NONE.

Remarks:

1, Although the address field is not relevant to the execution of this
instruction, Beregister address-modification will occur if it is specified.
No nonwexistent~address ALARM STOP can occur, however,

Register statuss

Register Contents after execution
name of NOP,
A Unchanged
R "
D #]i i 4 djo 1yidii
B Unchanged
P (rP)b + 1
c iiddlo 1B[iiii]
E Cleared
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Introduction

The DATATRON 220 is a general-purpose, stored-program,
sequentially-controlled, series-parallel, automatic, electronic,
digital computer which employs a single-address order code. The
basic order code of the DATATRON 220 Digital Computer admits of 39
orders, but variations in the structure bring the number of distinct
operations to 61 (this does not include orders referring to input-
output equipment, which will be enumerated in the sections in which
the peripheral equipment is described). Control and arithmetic units

as well as power supplies and working storage are housed separately.

The control console is regarded as being an integral part of
heivevel,
the computer; although—its—detatls will be discussed in a separate

section (Section III).

Depending on the size of magnetic-core working-storage in the

system, one or two units are required to house that storage.

Representation of Information

The basic unit of information in the DATATRON 220 is the
8, 4, 2, l-binary-coded decimal digit. An aggregate of eleven digit
positions is called a word. More accurately, the word should be
described as ten digits plus sign, since it is not intended that the
sign-digit position in a word shall be used in the same unrestricted
fashion as the other ten digits., The digit positions in a word are'

identified as shown in Figure II-Intro-1l.

ITI-Intro-1 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

+1234567890
llllllllllll

Figure II-Intro-1l., Digit-Position Identification

in the Computer Word

The logical structure of the DATATRON 220 is based on the fixed-
length ten-digit-plus-sign word described above, Certain operations,
however, permit manipulation of partial-word fields,1 in a manner to

be described below,

Depending on the manner in which the word is referred to, its con-
tents may be regarded as numeric, alphabetic or mixed numeric and alpha-
betic (otherwise, alphanumeric), or an instruction. For example,

0 5941 52 4149 may represent the number + 5941524149, the noun RAJAH,

thepart—aunber-RAZAH; or an instruction which causes information to

be transferred from magnetic tape to computer storage,

Each word in magnetic-core storage is identified by a unique four-
decimal-digit number called the address of the word., The word itself is

said to be stored in the location whose address identifies it.

Although the DATATRON 220 uses only the ten decimal digits, each
decade of four bits in the 8, 4, 2, 1 code might have been used to count

to 15, The occurrence - for any reason - in the low-order digit-position

1 A partial-word field is any set of contiguous digit-positions
within a computer word; for example, digit positions 5, 6, and 7; or %,

1, 2, 3, and 4; or *,
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of certain of the control registers of a configuration corresponding to
any one of the decimal numbers from ten to 15, is detected automatically.
The detection of such a configuration resultis in a digit-check ALARM
STOP:1 the computer stops and an ALARM indicator light - on the control

console - labelled DIGIT CHECK comes on,

Word Format

1., Numeric information

a. Fixed-point numbers

Each word of ten digit-positions plus sign-digit posi-
tion may represent a number in the range -9899 99 92999 to
+9999 99 9999, It is conventional to regard the so-called
machine decimal-point as being located between the sign
and the high-order numeric digit; hence, it is customary
to assert that fixed-point machine-numbers are restricted
to the range -1 ¢ n < +1.

If the result of an arithmetic operation yields a
number outside the range specified above, arithmetic over-
flow is said to have occurred. The occurrence of arith-
metic overflow causes the OVERFLOW Indicator to be turned

on. The status of the OVERFLOW Indicator may be interrogated

Optionally, an audible alarm signal may be caused to sound
whenever the computer stops on detecting an exceptional
condition, All exceptional conditions will be described
in context below.
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by the BRANCH, OVERFLOW instruction.

The OVERFLOW Indicator must be interrogated by the
instruction immediately following the instruction which
furns it on. If the OVERFLOW Indicator is not turned off
an overflow ALARM STOP will occur: the computer stops with
the OVERFLOW Indicator light "on.'

Whenever it is necessary to distinguish the machine
decimal-point from a problem decimal-point, the symbol A
will be used to specify the location of the machine decimal-
point. A dot - the conventional symbol - will represent
the problem decimal-~point.

The convention for representing signs is the follow-
ing: "0" in the sign-digit position means the number is
positive (or, at least, non-negative, i.e., greater than
or equal to zero); "i" in the sign~digit position means
the number is negative (or, at least, non-positive, i.e.,
less than or equal to zero). An immediate consequence of
this convention is that zero may be signed either positive

or negative.1

1

When an arithmetic operation yields a zero result the sign of
the result can be predicted, See the Remarks section as well
as the flow chart in the description of the appropriate
operation,
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Normally, the sign-digit position of a word which is
numeric, and on which arithmetic operations are performed,
is not different from O or 1. 1If arithmetic operands do
have sign digits which differ from O or 1, the three high-
order bits (8, 4, and 2) in the sign digit will be set to
zero before arithmetic begins; in the result word, the

three high-order bits will be zero.

Floating-point numbers

Each word of ten digit-positions plus sign-digit
position may represent a number in exponential or scienti-
fic notation; we call such a number a floating-point num-
ber, Digit-positions 1 and 2 hold the coded exponent -

including its sign. A floating-point number with exponent

or aqual o

o 9\;&4«:1 +o
greater than¥-50 and less than O is coded in the range

00 to 50, that is, the actual exponent is increased by 50;
a floating-point number with exponent greater than O but
less than 50 is coded in the range 51 to 99: again, the
actual exponent is increased by 50,

Digit positions 3 through 0 hold the so-called
mantissa of the floating-point number; the sign of the
mantissa is the sign of the computer word. The convention
for representing signs of mantissas - and, hence, of
floating~point numbers - is the same as the convention
for fixed-point numbers. The decimal point of a floating-

point number is regarded as being located between digit

II-Intro=5 9/1/57
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positions 2 and 3 of the floating-point word, as a
result of which it is customary to assert that floating-
poigf machine-numbers, n, are restrictea .o the range
10758 ¢ n ¢ 1049,

Usually, floating-point numwvers appear in normalized
form; tnai is, tne exponent ana mantissa of a numper are
adjusted so tnat tne mantissa coniains no high-oraexr
zeros, Of course, in adjusting the mantissa, it may
happen that the exponent will fall outside the permissible
range, 00 through 99:

i, If the result of an arithmetic operation causes
a floating-point exponent to exceed 99,
(exponent) overflow is said to have occurred,
and the OVERFLOW Indicator is set "on."

ii. If the result of an arithmetic operation causes
a floating-point exponent to be smaller than 00,
(exponent) underflow is said to have occurred,
and the arithmetic register(s) which was (were)
to contain the result is (are) cleared,

The result of every floating-point arithmetic
operation is normalized.

The following examples illustrate floating-point

representation:
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Number Floating-point Representation
+737.0 69 Q000 + 5373 70 6900
+ ,0004 88 7900 +4748 87 9000
- 2344 9.1 8672 -5523 44 9186
-.8000 00 0236 -5080 00 0002

2. Alphabetic or alphanumeric information

An alphabetic or alphanumeric character is represented by
two numeric digits in the DATATRON 220 code. The complete
DATATRON 220 code is shown in Appendix A3, Each word, there-
fore, has a capacity for five alphanumeric characters; the
sign-digit position of the word is used for a "flag" which
indicates that the contents of the word are coded alphanu-

merically. The flag used is the digit 2,

3. Instruction words

A DATATRON 220 instruction-word may be regarded as
composed of four parts, called the address, operation code,
control, and sign-digit parts, which are illustrated below.

1234567890

L 1 ¢t J 2 1 21 1

a. Address part

The four low-order digit-positions in the instruc-
tion word are called the address part of the instruction

because, in many instructions, they name the address of
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a location whose contents are used during the execution of
the instruction; otherwise, the address part of the word
is used to specify some quantity which is not an address;
or the address part may not be relevant to the execution
of the instruction,

Any part of an instruction word which is irrelevant

to its execution may be coded in an arbitrary fashion.

Operation-code part

Digit-positions 5 and 6 in an instruction word are
used to specify the numeric operation code of the instruc-

tion to be executed,

Control part

Digit-positions 1 through 4 are used for a variety
of purposes, among which may be listed the specification
of partial-word boundaries, the designation of input
and/or output units, the enumeration of tallies, etc.,
each of which specifies some control over the manner in

which the instruction will be executed,

Sign-digit part

The sign-digit position of an instruction is used
to specify whether the address part of the instruction
is to be modified - in a manner which will be specified
below - by the contents of the B Register as the instruc-

tion is brought from storage to the control register: if
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the sign digit is an odd integer, B-register address-
modification will occur; if the sign digit is an even
integer, it will not.
On input from paper tape or punched cards the
sign-digit position of an instruction may contain a
flag which directs the instruction to the coantrol regis-
ter and disconnects the input device from the computer.
Additionally, the four-bit of the sign digit is
used to specify that a partial-word key is desired and,
hence, that MAGNETIC-TAPE FIELD SEARCH or MAGNETIC-TAPE

EYELEL SCAN
CATEGORY-EIELD SEARCH is to be executed,

- Partial-word fields

Several instructions allow operations to be performed on partial-
word fields., It is necessary to identify the low-order digit-position
(i.e., the beginning) and the number of digits (i.e., the length) of
the partial-word field. Digit-positions 1 and 2 of the instruction
word are used for this purpose: digit-position 1 specifies the loca-
tion of the low-order digit-position; digit-position 2 specifies the
number of digits in the partial-word field, Thus, for example, if
these two digit positions contain 04, the four low-order digit-posi-
tions of the referenced word are singled out; if these two digit-
positions contain 62, digit-positions 5 and 6 are singled out of the

referenced word.
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The letter "s" is used to symbolize the low-order digit-position,
the letter "L" the length, of a partial-word field. 1In order to de-
scribe completely the location of a partial-word field, we also require
the address of the word in which the partial-word field is located,

The complete address of a partial-word field is symbolized thus:
aaaa:sl. In accordance with the usual convention (aaaa:sL) specifies
the contents of the partial-word field. Thus, for example, (1000:04)
is the address part of the word in location 1000; and (1426:00) speci-

fies all but the sign digit of the word in location 1426.

Registers
In the control and arithmetic sections of the computer are several
registers of interest to the programmer. The specific role of each of
these registers is described in detail as each operation is described
below.
1. The A register is a ten-digit-plus-sign-digit-position register,
Its primary function is to store one of the operands as well as
the result of an arithmetic operation, although it serves
other purposes as well, It is frequently called the accumu-

lator, The A register will be designated as rA, for short,

2. The R register is a ten-digit-plus-sign-digit-position register,
It is primarily an extension of the A register., It will be

designated as rR.
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3. The D register is a ten-digit-plus-sign-digit-position
register., The D register is primarily an intermediate
buffer used during the transfer of information; in particu-
lar, the D register buffers all input to the computer. It

will be designated as rD,

4. The B register is a four-digit-position register. 1Its pri-
mary purpose is to provide for automatic address-modification
in a manner which will be specified below; it is also used

for tallying. The B register will be designated as rB,

5. The C register is ten digits long. It is used to contain
¢hefins%rue%ien—beiﬁg—exeeuted: It is convenient to regard
the C register as being divided into three parts:

a. The four high-order digit-positions (1, 2, 3, and 4)
of the C register contain what are called control

digits.

b, Digit-positions 6 and 6 always contain the operatiou

code,.

¢. The four low-order digit-positions (7, 8, 9, and 0)
of the C register contain the address part of the
instruction.

The C register is frequently called the control register.

It will be designated as rC.

II-Intro-11 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

6. The P register is a four-digit-position register, The P regis-
ter controls the sequential operation of the computer: it con-
tains the address of the location from which the next instruc-
tion will be selected for execution. It is frequently called
the program register, The P register will be designated as rP,

Four other registers, not in the control and arithmetic units, are

worthy of note.

7. The IB register is a ten-digit-plus-sign-digit-position regis-
ter in the storage control unit. It is used as a buffer
between core storage and the control and arithmetic units. The
IB register is frequently called the information buffer register,

It will be designated as riIB.

8, The E register is a four-digit-position register in the storage
control unit., It is used for control purposes: the E register
will always contain the address of a location to which access
is being made under computer or manual control. This register

will be designated as rE. ‘
g !MS"~5:’_‘}"

9. The CD register is a ten-digigtﬁosition register in Cardatron
control unit 2, It is used for control purposes: the CD regis-
ter will always contain a copy of the Cardatron instruction
which is being executed. The CD register will be designated

as rCD.
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10, The T register is a ten-digit-position register in the
magnetic-tape control unit. It is used for control pur-
poses while magnetic-tape instructions are being executed.

The T register will be designated as rT.

The contents of the A, R, D, B, P, C, and E registers are dis-
played in 8, 4, 2, l-binary-coded form on the control console with
facilities for changing the contents of any one of them. This pro-
cedure is described in The Handbook of Operating Procedures for the

DATATRON 220,

Information flow

The flow of information between core storage and the registers,
between registers, between input-output equipment and the registers
is parallel-serial. For example, all four bits of every digit are
transferred in parallel; all 44 bits of a word are transferred between
the information buffer register and core stor#ge in parallel; but in-
formation is transferred between the information buffer register and
the D register serially by digit. In the flow charts which follow
this will be noted in detail,

thred
There are ‘four different types of information flow:
1. Operation cycle
a2, Fetch Phase

b. Execute Phase

2. Input
3. Output
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The operation cycle

The cycle of computer operation is divided into two parts,
the first of which is called the Fetich Phase, the second the
Execute Phase, Each of these two names is descriptive of com-
puter operation for the duration of that part of the operation
cycle: instructions are brought to the control unit during the
Fetch Phase; they are executed during the Execute Phase. In
normal operation the Fetch and Execute Phases follow each

other alternately.

a, The Fetch Phase

Flow charts for the Fetch Phase are shown in
Figures II-Intro-2 and II-Intro-3. A verbal

description of this flow follows immediately:

1. At the beginning of the Fetch Phase, the
contents of the P register are transferred

in parallel to the E register.

2. The contents of the location whose address
is in the E register are iransferred in
parallel to the information buffer register.
In this register the sign-digit position of
the word is examined to determine whether

B-register address-modification is intended,
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Clear rE, " IB

(rP) -» rE.
((rP)) -» rIB l Non-existent-address
ALARM STOP
V-03-6 )! '
V-04-6
V-0b-6 C Set D sign-indicator equal
VI-60-5 to one-bit of rIB:#l.

Clear one-bit of rIB:*l.

D sign- D sign-
indicator indicator
= 0, = 1.
) (rIB:04) » rC:04, CB (rB) + (rIB:04) - rC:04.
Set carry indicator
(I‘IB:04) > rD:04. to zero.
(riB:04) -» rD:04

({) (r1B:66) ~» rC:66

(riB:67) - rD:67

Restore one-bit of rD:xl
Reec+Cre ome-bivy o rigi+]

Entry from
P

(rP) + 1 » rp

(f) Operation complete

Figure II-Intro-2. The Fetch Phase
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If the one-bit of the sign digit is equal to 1
(in which case we may write (rIB:t1)/1=1), it

is set to zero.

If the sign digit in rIB was an odd integer,
B-register address-modification will occur as
the ten low-order digits of the instruction
word pass serially through the adder and into
the C register. This transfer of information
takes place in two parts: the address part of
the word goes first; immediately after this
transfer is completed the carry indicator in
the adder is set to zero, so that, in case a
five-digit sum was generated, there will be no
overflow into the operation-code part of the
instruction word. The second part of this
transfer takes (rIB:66) into the C register,

If the sign digit in rIB was an even
integer, no B-register address-modification
will occur as the instruction is transferred
to the C register,

Simultaneously with the transfer to the
C register, the instruction word, including
the (possibly-modified) sign digit, is trans-

ferred to the D register, but without address
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modification, even if it is specified. When the
transfer to the D register has been completed
the one-bit of the sign digit will be restored
in the sign-digit position in the D register.
The word in the D register is, therefore, an
exact copy of the instruction as it is repre-
sented in storage; it is used for checking

purposes,

4, Finally, the contents of the P register are
counted up 1, unless the entry to the Fetch
Phase was made as a result of interrupting a
paper-tape or punched-card input instruction,
in which case the counting up is inhibited. At
the conclusion of the Fetch Phase the P register
will contain the address of the location from
which will come the next instruction selected
for execution, if control continues in sequence,

The time for execution of the Fetch Phase

is uniformly 90 microseconds.

b. The Execute Phase

During the Execute Phase, the instruction in the
C register is executed. The nature of the Execute
Phase and the time required to complete it are func-

tions of the operation code, in particular, as well
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2,

as the other digits in the C register. The detailed
description of the Execute Phase for each operation
comprises the bulk of this volume (see, for example,

11-00-2).

Input flow

Input information pulses to the computer may be received

from a photo-electric reader (paper tape), the Cardatron

Nagueric-Tepe Shamge Hnit,

(punched cards), the keyboard (manual)”; or Datafile (magnetic

tape).

1.

Figure I1-Intro-4 shows the information flow,

The address part of the C register is transferred in
parallel to the E register to provide the address of
the location in which will be stored the information
which is destined for storage. The manner in which
the contents of the E register are counted up for
successive input words v#ries with the instruction
being executed: on the one hand, (rC:04) may be
counted up for each input word, after which it is
transferred to rE; on the other hand, (rE) may be
counted up. (See the flow chart in the describtion

of the appropriate Execute Phase for details.)

The information is sent first to the D register where

it is assembled as a word, digit by digit.
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3. After each word is assembled it is transferred serially
to the information buffer register (except in the case
of manual cycles (see Handbook of Operating Procedures
for details) and KEYBOARD ADD (which see, pages

111-08-2, ff.).

a. If the word is to go to storage, B-register

address-modification will occur if it is specified.

b. If the word is to go to the C register, B-register
address-modification is postponed until the entry

to the Fetch Phase is made.

4, a. If the word is to go to storage, the contents of
the information buffer register are transferred,
in parallel, to the location whose address js in

the E register.

b. If the word is to go to the C register, where it
will be interpreted as a new instruction, entry
to the Fetch Phase is made at connector P . (See

Figure II-Intro-2.)

3. OutPut flow

Figure II-Intro-5 shows the output flow.
1. The address part of the C register is transferred in

parallel to the E register to provide the address of
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the location from which will be taken the first word
destined for output. The manner in which the contents
of the E register are counted up for successive output
words varies with the instruction being executed: on
the one hand {(rC:04) may be counted up for each output
word, after which it is transferred to rE; on the other
hand, (rE) may be counted up. (See the flow chart in
the description of the appropriate Execute Phase for

details,)

. 2. The information is first transferred in parallel from

storage to the information buffer register.

3. The contents of the information buffer register are

then transferred serially to the D register.

4. The contents of the D register then pass serially

through the adder to the output device,

Exceptional conditions

1,

The OVERFLOW Indicator may be turned on during the execution
of several instructions (a list of them may be found on page
I1-31-3). The instruction which turns the OVERFLOW Indicator
on must be followed immediately by a BRANCH, OVERFLOW instruc-
tion which will turn it off. If the OVERFLOW Indicator is not

turned off, an overflow ALARM STOP will occur.
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In those operations which can manipulate partial-word fields,
one must have specified sL, the partial-word boundaries. If

s >L+1, s #0, the partial-word will extend beyond the sign-
digit position of the word. In this case field overflow is
said to have occurred. This condition is detected by the com-

puter and results in a field-overflow ALARM STOP.

If the low-order digit position of the IB, A, R, D, or B
register or either input to the adder contains a configuration
equivalent to one of the decimal numbers 10 through 15, it will

be sensed as an error. A digit~check ALARM STOP will occur.

If an attempt is made to have access to a location not in the
storage package in the system, a nonexistent-address ALARM STOP
will occur. For example, suppose the system has 3000 words of
storage. An attempt to havé access to location 4500 will pro-

duce the ALARM STOP.

If a nonexistent operation code is sensed in the operation-code
part of the C register, a nonexistent-operation-code ALARM STOP

will occur.

If the COMPARISON Indicator is off when it is interrogated (by
a BRANCH COMPARISON instruction; see pages II-35-2, ff.), a2 no-

comparison ALARM STOP will occur.
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The Execute Phase

The remainder of Section II is devoted to descriptions of the
Execute Phase of each operation with which the computer is concerned

exclusively.
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Operation codes 10

Operation names CLEAR, ADD Abbreviations CAD
CLEAR, ADD ABSOLUTE CAA

Time gps)l
Instruction format:

fetchs 90
$1234567890 executes 95
"] total; 185
+ 1|i‘1 v O]p aaana
Definitionss
+ if ¢ 1s odd, Beregister address~

modification will occurj otherwise,
there will be no such modification.

iiis not relevant to the execution of
these instructions.

vi variation designators

v = 03 CLEAR, ADD will be ex-
ecuted,

v = 13 CLEAR, ADD ABSOLUTIE will
be executed,

Ops operation code,

aaaat address of base of location of
augend,

II=10=2 9/1/5%7
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Description of operations

Summary:
v = 0t (B [aaaa]) replace (rA).

v = 1g I(B Emaa])l replaces (rA).

Rlow chart:

See page II=10-4,

Exceptional conditionss

1. Noneexistent~address ALARM STOP,

Remarks:

1. The CLEAR, ADD variation will be selected for

1I=10=3

execution if v # 1.
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Description of operationt

Flow charts

Clear Tri&, rIB.
Clear rA,

(xC3104) = B[:uau] —s= IE,

(B[ssad] ) rIB

Non=existenteaddress
ALARM ST0P,

Set D signe=indicator equal to
(rIB: £ 1)/1

Clear (rIB: * 1)/1.

Ad just subtract indicator,

Adjust result sign indicator,

(CAD)

ve ]l
(CAA)

| O ) + B>

(rIB) —» 1D,

CD (ra) + [(»IB)|—> rA

(rIB) —» 1D

Q
O

Restore (rD: £ 1)/1

Set (rA: * 1)/1 to
sign of result.

Operation complete,

IT=10wq

9/1/57



ITwl0=5

THZ COMPUTER
Register statuss
Register Contents after Contents after
name execution of CAD execution of CAA
A (B [aaaa ) '8 [aaaa) ) |
R Unchanged Unchanged
D (B [azaa] ) (B [aaaa} )
B Unchanged tnchanged
P (rP)p + 1 (rP)y, + 1
c i i ifo[1 ofB [aaaa] idi|l]|1 0B [aaad]
B B [aaaa] B[aaaa)
Register Contents if non~existent=
name address ALARM STOP occurs.
A Cleared
R Unchanged
D +)4 i ijv]1 0laaaa
B Unchanged
P (rP)y + 1
c ili.i v 1.0 Bj:a?,ag
E BE&aan

9/1/57




OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation codet 11

Operation names CLEAR, SUBTRACT Abbreviations Csu
CLEAR, SUBTRACT ABSOLUTE CSA
Time (ys):
Instruction formats
fetchs 90
+12345678090 executet _95
totals 185
3 iliti v(Op aaaa
Definitionss
+1 if * is odd, Beregister addressw

modification will occuri otherwise,
there will be no such modification,

ii4s not relevant to the execution
of these instructions.

v variation designator:

v = 01 CLEAR, SUBTRACT will be
executed,

v = 1y CLEAR, SUBTRACT ABSOLUTE
will be executed,

Oops operation code,

aaaat address of base of location of
subtrahend,

IIwlle2 9/1/57



THE COMPUTER

Description of operation:

Summary:
v = 0: - (Blaaaa]) replaces (rA).

v = 1: - | (B[aaaa])| replaces (rA).

-

Flow chart:

See page 11-11-4,

Exceptional conditions:

l., Non-existent-address ALARM STCP,

Remarks:

1. The CLEAR SUBTRACT variation will be executed if v # 1,

I1-11-3 9/1/57



TRON 220

Description of operation:

Flow chart:
Clear rE, riB,

Clear rA.

(rC:04) = Blaaaa] + rE.
Set result sign-indicator and
subtract indicator equal to 1,

Non-existent-address
ALARM STOP.

(B[aaaal]) » r1B |- |

({) Set D sign-indicator equal to
(riB:*1) /1,

Clear (riIB:*1)/1.

Adjust result sign-indicator and
subtract indicator,

(:) (rA) = (riIB) =» rA. (:) (ra) = |(rIB)| <+ rA,
(riIB) - rD. (rIB) -» rD.

(E) Restore (rD:*1)/1.

Set (rA:tl)/1
sign of result.

Operation complete.

11-11-4 9/1/57



THE COMPUTER

Register status:

Register Contents after Contents after
name execution of CSU. execution of CSA,
A =(B(aaaa] ) ~|(B[aaaa])|
R Unchanged Unchanged
D (B(aaaa]) (B [2aaa])

B Unchanged Unchanged
P (rP)y, + 1 (rPlp + 1
c iiilol1 1|B[aaaa iiif1{1 1(B[anaq
1 | L1 o [ O
E B Ema.a_:l B E;aaa]
Register Contents if nonwexistente
name address ALARM STOP occurs,
A Cleared
R Unchanged
D +liiijvilllaaansn
=1 i1 ) 1
B Unchanged
P (:.‘P)b + 1
iiidv B
¢ L 111 l[a.aa?]
E B [aaaa

I1=11=-5

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: ADD

ADD ABSOLUTE

Instruction format:

41234567890

+#{i 1 i]lv|Oplaaaa
i1 il DA

Definitionss

*t

1144

Vi

ananl

if + is odd, B=register addresse
modification will occurj otherwise,
there will be no such modification,

not relevant to the execution of
thege instructions.

variation designator:

v w03 ADD will be executed,

v = 13 ADD ABSOLUTE will be

executed,
operation code

address of base of location of
augend,

II-12=-2

Operation code: 12

Abbreviation: ADD

ADA

Time (us):

Unnecessary to de=complement
sums

fetchs 90
executes 93
total: 185

Necessary to de~complement
sums

fetch: 00
executes 155
total: 245

8/1/57



THE COMPUTER

Description of operation:

Sumary:
v =0t (rA) + (Blasaa]) —» ri._
v=1: (rA) + |[(B[azaa])|—> raA.
Flow chartt
See page II-12-};,
Exceptional oconditions:

1. Non-existent=address ALARM STOP,.

Remarks:

1. The ADD variation will be executed if v # 1.

2. The execution of both of these instructions can cause arithmetic overw
flow, in which case the OVERFLOW Indicator is set "on'".

3. If the result of an ADD or ADA instruction is zero, the sign

of the result is the same as the one-bit of the sign digit in the A
register before execution of the instruction.

I1-12-3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of operation:

Flow chart:
Clear rE, rilIB

O Set A sign-indicator eqnal
to (rA: + 1)/1,

() (rC:0}) = B[aaas] —» rE,

Clear rAt * 1,

(B[aaas]) —» rIB. Non-existent=address

ALARM STOP.

<> Set D sign-indicator equal
to (r1B: £ 1/1.

Clear rIB: *1,

Adjust subtraet and result
sign indicators.

v= 0 v=]

(ADD) (ADA)
(p (rA) + (+T8) —> ra, O G» + @) » ra.
(rIB)—» 1D, (rIB) - rD.

(B Adjust OVERFLOW Indicator.
Restore (rp: + 1)/1.

Set (rd: * 1)/1 equal
to sign of result,

( ) Operation complete,

11-12-4 9/1/57



THE COMPUTER

Register status:

Register Contents after Contents after
name execution of ADD. execution of ADA,
A (zA)y, + (B E.aa.a]) (rA)y, + I (B[aaa.a] ) |
R Unchanged Unchanged
D (B[aaaa) ) (B [aaag)

B Unchanged Unchanged
P (rP), + 1 (rP), + 1
b b
C i4iifoj1 2|B i 1il1|1 2|B|aaa
il ! i@.}aa?] 1 I itlla
E B Eta.aa.:l B [aaa.ﬂ

Register Contents if noneexistente-
name address ALARM STOP occurs,

A (rAtxl) = O3 (rAt00)y = (rA100)y
R Unchanged
D 4114 ifv|l 2/a aaa

= 1 1 | L1 1
B Unchanged
P (rP)y, + 1
C ii i|v|1 2|B[aaaa]

14 o Bl

B B Ea.aa]

IIw=12m=3 9/1/57




OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: SUBTRACT

SUBTRACT ARSOIUTE

Instruction format:
1234567890

#liiijv|Opjlaaaa
= i | I 1|

Def initionst

bt

iiis

v

Op:

if # is odd, Beregister address=
modification will occur}; otherwise,
there will be no such modification,

not relevant to the execution
of these instruction.

variation designators

v = 03 SUBTRACT will be executed,

v = 13 SUBTRACT ABSOLUTE will be

executed,
operation code,

address of base of location of
subtrahend,

11=13=2

Operation code: 13

Abbreviation: SUB
SUA
Time (us):

Unnecessary to dee=complement
difference:

fetchs 90
executel _gg
totals 185

Necessary to de=complement
differencet

fetchs 90

executes 155
totals 245

9/1/57



THE COMPUTER

Description of operation:

Summary:
v = 0: (rA) - (Bl[aazaal) ~» ra.
v=1, (rA) - |(B{aaaa])! - ra.

Flow chart:

See page 1I-13-4

Exceptional conditions:

1. Non-existent-address ALARM STOP,

Remarks:
1. The SUBTRACT variation will be executed if v # 1,

2. The execution of both of these instructions can cause arithmetic
flow, in which case the OVERFLOW Indicator is set ''on',

3, I1f the result of a SUB or SUA instruction is zero, the sign of
the result is the same as the one-bit of the sign digit in the A
register before execution of the instruction.

I1-13-3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Desoription of operationt

Flow chartt

Clear rE, rIB

Set A sign-indicator equal
to (rA: + 1)/1.

(rC:0L) = B{aaaa] —» rE.

Set subtract indicator.

Clear rit * 1,

(B[sasa]) — rIB None=existent-address
ALARM STOP,

Set D sign-indicator equal
to (rIB: £ 1)/1.

Clear rIBs *+ 1,

Adjust subtract and result
sign indicatora.

v=0| vy=]}
(suB)| (SUA)

C) (rd) = (rIB) —> rA. C) (ra) - |(rIB)| > rA,

(rIB) — rD. (rIB) - rD,

d) Adjust OVERFLOW Indicator

Restore (rD: * 1)/1.

et (ra: t 1)/1 equal
to sign of result,

d) Operation complate,

I1-13-h 9/1/57



THE COMPUTER

Register status:

Register ! Contents after Contents after

name execution of SUB execution of SUA
A (rA)y, - (B[aaan]) (ra)y = | (B[asaa])|
R Unchanged Unchanged

D (B[asaa]). (B[aaaa])

B Unchanged Unchanged

P (rP)p + 1 (rP)y +1

c iiiOlBB[aaaa] iiillBBaaaa]

L4 1 P I | [ | | 14
E B [aaaa)] B [aaaa]
Replster Contents if none-existent-

nams address ALARM STOP occurs.

A (rA: * 1)g = 0; (rA:00)a = (rA:00)p

R Unchanged

D *¥li114jv[13laaaa

i | [ |

B Unchanged

P (rP)p +1

c i4ii|v[1 3|B [acaa]

| S| | 1.t
E

B [aaaa]

1T=13-5 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: MULTIPLY

Instruction format:

*1234k567890

+
- ili'i|i ap aaaa

*Definiticms:

+:

ii14:

if * is odd, B-register address-
modification will occur; otherwiss,
there will be no such modification.

not relevant to the execution of this
instruction,

operation code,

address of base of location of multipli-
ocand,

11-1)-2

Oparation code: 1L

Abbreviation: MUL

Time (pus):

Minimm: (rA)} = ¥0000 0O 0000
fetch: 90
execute: 14O
total: 230

Maximum: (rA) = ¥6666 66 6666
feteh: 90
sxecute: 3340
total: N30

Averapge: (rA) = 0123 L5 6789
feteh: 90
execute: 1980
total: 2070

9/1/57



THE COMPUTER

bescription of operation:

Summarx:

The twenty-digit-long algebraic product, the contents of B{aaaal]
multiplied by the contents of the A register, is generated. The ten
low~order digits of the product replace the contents of the R register;
the ten high-order digits of the product replace the contents of the A

register, The sign of the product is inserted in the sign-digit position
in both the A and R registers.

Flow chart:

See page II-14-4,

Exceptional conditions:

1. Non-existent-address ALARM STOP.

Remarks:

), Exccution time for MULTLFL Voexclusive of detech wime-is g Lunctien
ol +he maguirude ol ihe mul-ﬂ’pff‘er) (.r'A)é
Lvom +he Lollpwing formuin: ‘

5
Tz go+ E’Z My, Y3,
Lt=p

I‘f mecy be ¢4/0a/¢.;gJ

My =1 i PALkI )=
My= BLEAKRN] w1 4 1< (rAtkl)ss
N\{f BF"‘(?AIMU i £ éé(rAild)i g

Henee, +he Lollowing +able

m [ 114]27 qa_z;ﬁ[f_ge% 52139 j2¢

1I1-14-3 9/1/57




Description of operation:

Flow chart:

(B[aaaal]) -+ riB

OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

/l) Clear rE, riB,

(;) Blaaaa] » rE.

Clear rR.

(ﬂ) Set A sign-indicator equal
to (raA:*x1)/1.

Clear rA:x1,
Non-existent-address

ALARM STOP,
S a—
(“\ (rA:00) » rR,
-/ (rIB) = rD,
{:\ Adjust result sign-indicator.
K

Set D sign-indicator equal to
(rD:x1) /1.

Clear rD:*1.

s

{ : D: :
\) (rR:00) x (rD:00)

10 low-order digits -+ rR:
10 high-~order digits -+ raA,.

VN

) (rA:+1)/1 and (rR:%1)/1
to sign of result.

Restore (rD:x1)/1.

(:) Operation complete.

11-14-4 9/1/57



THE COMPUTER

Register status:

Register Contents after Contents if non-existent=
name execution of MUL. address ALARM STOP occurs,
A high=order digits of (rAsxl), = O3 (rA:00), = (rAs00)y
product,
R low=order digits of Cleared
product, (rRizl), =
(rA12l),.
%,
D (B [anad] ) i idii]l4faana
B Unchanged Unchanged
P (zP)b +1 (rP)b + 1
C iiiij14|B i4i4ii|l 4|B[asaa
1 5.1 [ l[ﬂtﬁ;ﬁ] 1t 1 1[1 ;]_
B B{aaad] ‘B [asad]

}k(rD.':‘:i)/;l 2 (rpix) /4= (r7i£)/4=0,

D VIENI DR
(yDioo)= (B [agea] 100

II=14=5 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: DIVIDE

Instruction format:

+1234567890

#/iijiijOpjaaaa
L1 1 I T |

Definitions:

+2

iidis

Opt

aaaal

if + is odd, B-register addresse
modification will occurj otherwise,
there will be no such modification.

not relevant to the execution of
this instruction.

operation code,

address of base of location of
divisor,

TIwl5w2

Operation codet 135

Abbreviation: DIV

Time gys):

Minimum: OVERFLOW Indicator
is set'on:"

fetchs 90
executer 93
total: 185

Maximum: quotient =
+ 9090 90 8090:

fetchs 20
execute: 6595
totals 6685

Averaget quotient =
+ 5555 bH 5555:

fetchs %0

execute: 3895
totals 3985

9/1/57



THE COMPUTER

Description of operation:

Summary:

The dividend is the twenty=digit number whose high=order digits are the
contents of the A register and whose low~order digits are the contents of the R
register. The sign of the A register is taken to be the sign of the dividend;
the sign of the R register is not relevant.

The divisor is the contents of B[aaad).

Before the arithmetic process is begun, the absolute value of the divisor is
compared with the absolute value of the contents of the A register, Then:

1, If the absolute value of the divisor is greater than the absolute value
of the contents of the A register, the process of division begins, The process
terminates when a ten~digit quotient has been generated: the quotient, with sign,
replaces the contents of the A register. The remainder replaces the contents of
the R registerj the sign of the remainder is the same as the sign of the dividend,
On the other hand,

2. If the absolute value of the divisor is less than or equal
to the absolute value of the contents of the A register, the OVERFLOW
Indicator will be set "on'", and the execution of the instruction
terminates, leaving unaltered the contents of the A and R register.

Flow chart:

See page II=15-4,

Exceptional conditionss

1. Non~existent=address ALARM STOP,

Remarks:
), Ex

1. Execution time for DIVIDE-exclusive of fetch time-is a
function of the magnitude of the quotient (ra),, if overflow does
not occur. It may be calculated from the following formula:

Tm3895+602§ [jrA=2k+1,1) - (rA:Zk,Oﬂ us .
K=0

= 3895+60 1 (rAt11)-(ra:21)+
ra:31)-(rAsd41)+
(ra:51)-{ras61)+
(ra:71)-(ra:81) .

1I=15=3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of operation:

Flow chart:

Clear rE, rIB

(rc:0k) = B{aasa] —> rE,
(rA:xl) - rR:%1,

Clear ris:t+ 1,

Non~existent-address
(B[aasa]) —> rIB. ALARM STOP,

Adjust result sign-indicator,

Set D signe-indicator equal to
(riB: * 1)/1

Clear rIB: * 1.

Set gubtract indleator,

Cl) (ra:00) = (rIB:00) = A
(rIB) —» rD,

A0 I A<oO

Set OVERFLOW Indicator "on'. C (rA, TR) + (rD)1
guotient —» ra.
remainder —> rR.

(rR: + 1)/1 xeplacesk is set to
(rA: = 1)/1. C) Set (ra: * 1)/1
Restore (rD: + 1)/1. _ to sign of result,

Restore (ri: * 1)/1

Operation complete,

IT-15-h 9/1/87



THE COMPUTER

Register statuss

Register Contents after Contents if the OVERFLOW
name execution of DIV, Indicator is set "on."
A Quotient one=bit (rA:+l), = one~bit (rAisl)p
other bits (rAs#l) =0
(rA:00), = (rAt00)y

R Remainder (rR3+1), = (rAs+l)p

% (rR300), = (rR:00)y,
D (B [azaa)) (B [aaaa) )
B Unchanged Unchanged
) 4 (rP), + 1 (rP)y, + 1
C iidifl 5|B[aaad) iiiifl 5(B[aaad)

| | I . | N L1
B B [aaad] B [aaad)
Register Contents if non~existent=
name address ALARM STOP occurs,
A (rAs+l) = 03 (rA300)y = (rA300),,
R (rR3zl) = (rAs+l)y
(rR300); = (rR100)y,
D & ili]ili 115 an8aa
B Unchanged
P (rP)b + 1
c i 4 i i|15|B{aaaaq]
| | L1

B B [aaaa]

*(rD: 1) /2=(rDy#1) /U=(rD: +1) /8=0
(rDi1t1)/1=(B [aaad] :¥1)/1;
(rD:00)=(B [aaad] :00).

IT=15=5 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation codet 16

Operation namet ROUND Abbreviations RND
Instruction formatt Time (us)s
+1234567890 (rRel1l) € 5t
fetchs 90
#1141 4(0p|1idid executet 15
| 1 | I total: m
DPefinitionst (rRt1l) = 5
fetcht 90
*1 if + is odd, Beregister address- executes _gg
modification will occur; otherwise, total: 160

there will be no such modification,

11ii: not relevant to the execution of
tils inatruction.

Ops operation code.

IT=lb=2 9/1/57



THE COMPUTER

Description of operationt

Summarys
If (rR:1l) € 5, clear ri.

If (rR:11) > 5, |(rA)| is increased by + 0000 00 0001,
cleared,

Flow chart:

Clear rE, rIB.

Set A sign indicator equal to
(ra:+1)/1

Clear rA:+l,

(rRel1l) <5 | (rR:11)2 5

(rA) + L —prA,

Clear rR.

Adjust OVERFLOW Indicator.

Restore (ra :1£)/1

Operation complete

II-16=3

Th&n rR is

9/1/57



OPERATIONA, CHARACTERISTICS OF THE DATATRON 220

Exceptional conditionst NONE.

Remarkst

l. The execution of this instruction can csuse arithmetic overflow, in which
case the OVERFLOW Indicator is set to "on',

2. Although the address field is not relevant to the execution of this

inatruction, B-register address-modification will occur if it is specified.
No non-existent-address ALARM STOP can occur, however.

Register status:

Register Contents after
name execution of RN,
A (rA)b, roundad
R cleared.

D £]4,4,44f1 6[1,4.44

B Unchanged

P (rP)y *+ 1

c 11111 6(B [114d]
L 1.1 ! |

E Cleared

II-16-) 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 17

Operation name: EXTRACT Abbreviations EXT
Ingtruction formatt Time (ps)
1234567890 fetoht 90
exacute: 145
#*[tiiiloplaaaa totalt 235
1 1 i i L1 i
Definitions:
+3 if + is odd, B-register address-

modification will occur; otherwise,
there will be no such modification.

i1ii: not relevant to the execution of
this instruction.

Ops operation code.

aaaat address of base of location of
extractor,

II~17-2 9 / 1/57



THE COMPUTER

Description of operation:

Summarys

Wherever the extractorewhich is the contents of B [asad] — has an even
digit, the corresponding digit in rA is replaced by 0; wherever the extrastor
has an odd digit, the corresponding digit in rA is not altered.

Flow chart:

Ciear rE, riB.

(rcsOh) = B[aaaa;' —=1E,

ALARM STOP.

l Nen-exiatent-address

(B[aaaa] ) —»-rIB.

{rIB)-»=rD

(rD:01)/1=1| (rD:01)/1=0

Clear riA: 0l

(J> Circulate (rA) and (rD) one digit-
position to the right.

All digit More digit positions
poeitions extracted. to be extracted.

Operation complete.

II.17-3 _ 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Exceptional conditions:

1. Non-existent-address ALARM STOP.

Remarke:

_R_e-_gister status:

Register Contents after Contents if non-existent-
name execution of EXT, address ALARM STOP occurs.
A See description of Unchanged.
operation.
R Unchanged. Unchanged.
D (B[aaaa}) +{1,1 11}l 7|aaas
B Unchanged. Unchanged.
P (rP)y, + 1 (rP)y, + 1
C 1 11 4{} 7{B}aaaa 1111iil 7|/B|aaas
| e I | I[. l l] Li.1 1 1[1 |]
E B[aaaa] BEaaaa]

II-17-4 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 18

Operation name: COMPARE FIELD A Abbreviations: CFA
COMPARE FIELD R CFR
Instruction format: Time (ps)z
+1234 567890 fetcht 90
execute:r 150°
t|s Lif|v Op 2 aaa total: 2L0
Definitions:
+1 if *+ i8 odd, B-register address~-

modification will occur; otherwise,
there will be no such modification,

8t partial-word designator:

f = 01 g is not relevant.

f = 1: g designates the position,
within the word, of the low-
order digit of each partial-
word operand.

Li partial-word designator:

f =0t L is not'relevant,

f =1: L specifies the number of
digits in each partial-~
word operand,

h g} field designator:

f = (01 entire words will be used
as operands.

f = 1 the contents of the partial-
word flelds defined by digits
s and L will be used as operands.

vi variation designator:
vy = Ot COMPARE FIELD A will be executed.
v = 1t COMPARE FIELD R will be executed.
Ops operation code.
aaaat address of base of location of comparator.

IT-18-2 | 9/1/57



THE COMPUTER

Description of operation:

Summary:
v = 0: COMPARE FIELD A will be executed.

Compare the contents of the specified field in the A regis'ter with the
corresponding field in Bfaaad]. According as the contents of the specified part
of the A register are greater than, equal to, or less than, the corresponding
part Of_B[aaad], set the COMPARISON Indicator to HIGH, EQUAL, or LOW,

v = 1: COMPARE FIELD R will be executed.

Except that the R register is used, this variation is identical with
the one specified by v = O,

Flow chart:

See page II-18-k,

Exceptional conditions:

l. Non-sxistent-address ALARM 3TOP,

2. Field~overflow ALARM STOP.

Remarks:
1. The COMPARE FIELD A variation will be executed if v ¥ 1.

2. If f is an even integer, this has the same effect as f = 05 4f I 1s an
odd integer, this has the same effect as f = l.

3a. If the sign-digit position of a word is not included in the field specified
as operand, then the comparison may be considered . to be made with respect to the
abgolute value of each operand. On the other hand,

3b, If the sign-~digit position of a word is included in the
field specified as operand, then the comparison is algebraic, in
which case the contents of the sign-digit position are regarded as
having the following order: 3 < 2 1 <0 C7<<6<C3<C4K
8 ¢ 9. Hence, 3 9999 99 9999 ¢ ... < 3 0000 00 G000 < 2 9999 99
9999 <« ... < 2 0000 00 0000 ¢ 1 9999 99 9999 ¢ ... < 1 0000 GO
0000 < 0 0000 00 0000 ¢ ... <€ 0 9999 99 9999 ¢ 7 0000 00 0000 < ...
< 7 9999 99 9999 ¢ 6 0000 00 0000 < ... < 6 9999 99 9999 <
5 0000 00 0000 ¢ ... < 5 9999 99 9999 ¢ 4 0000 00 0000 ¢ ... <
4 9998 99 9999 < 8 0000 00 0000 ¢ ... < 8 9999 99 9999
9 0000 00 0000 ¢ ... < 9 9999 99 9999,

I1I-18«3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Remarks (continued):

3¢. One consequence of the ordering described above is that the
sign digit must never be included in a comparison field if that field

is alphanumeric; otherwise, the inverse of the natural alphabetic order
will be determined.

3d. A second consequence of the ordering described above is that
+ 0000 00 0000 > - 0000 00 0000,

4, The order relationships of the content of the sign-digit posi-
tioni.were determined as follows: the principal requirement is that
negative numbers shall precede positive numbers; hence, 1 0. A second
requirement-sorting~is that alphanumeric information shall precede numeric;
hence, 2 1 0. The vemaining order relationships are just a by-product
of the way in which the required ordering of 2, 1, and 0 is achieved.

The technique used 1s known as the "threes complement"” method:
the 1-bit and the 2-bit of the sign digit are complemented if, and

only if, the 8-digit is 0. The results are displayed in the following
table:

Decimal Binary Threes Decimal
Digit in | Represen=- Comple- Zquivelent

Sign tation mented ( = order)
Position

3 0011 0000 0

2 0010 0001 1

1 0001 0010 2

0 0000 0011 3

7 0111 0100 L4

6 0110 0101 5

5 0101 011@ 6

L 0100 0111 7

8 1000 - 1000 8

9 1001 1001 9

11-18-4 9/1/57



THE COMPUTER

Description of operationt

Flow chart:
Clear rE, rlIB.

(rC:04) = B[aaaa]—-rE.

Clear COMPARISON Indicators.

(B[asaa] )—rIB. [ Non-existent-address ALARM STOP,

(I‘IB) b d rD:
Set subtract indicator.

£=0 | f£=1

v =0 l velfl v=20Q "v~ 1l
(rA)=(rD) = A . &(rﬁ)-(rn) =A, (rAssL)-(rD:sL) (rResl)=(rDsaL)
i

A =4,

A6K0 Le O ' A>0

() Set COMPARISON ) Set. COMPARISON C Set COMPARISON
Indicator LOW. Indicator EQUAL, Indicator HIGH,

{(rCs21) = 0, (rC:21) # 0,
f=13 orf =20, f=1.
Operation complete Field-overflow

ALARM STOP#®

*See NOTE top of page I1I-18-6.

11-18~5 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

NOTE: If f = 1, as each digit of the partial-word difference is generated,
L (i.e., (rC:2l) ) is counted down. If, at the start, L>s + 1, s £ O, then at
the end of the comparison {rC:21) will be different from zero, and fisld overflow

will be detected,

Reglster status:

Register Contents after execution Contents if non-existent-

name of either CFA or CFH. address ALARM STOP occurs.
A Unchanged. Unchanged.

R Unchanged. Unchanged.

D (B(aaaa]) f&fs[L fivil 8la aaa
B Unchanged. Unchanged.

P (rP), + 1 (rP)y, *+ 1

C 0 O{f|v{l 8)B[aaaa) s Lif|vil 8| B[aaaa]

| i i 1 i '
E B [aaas] B{aaaa]
Register Contents after field-

name overflow ALARM STOP oeccurs.

A Unchanged.

R Unchanged.

D (B [2aaa])

B Unchanged.

P (rP)b + 1

C 0 # fiv|l 8B [aaas]

| i T |
E B [aaaa]
* L-s-1

II-18-6

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: ADD TO LOCATION

Instruction format:

+1234L567890

x ili'i|i OP gjajala
pefinitions:
L3 if ¢+ is odd, B~regieter address-

modification will occur; otherwise,
there will be no such modification,

iiii: not relevant to the exsecution of
this instruction.

Op: operation code.

aaaat address of base of location of augend.

IT.19-2

Operation code: 19

Abbreviation: ADL

Time (ps):

{hnecessary to de=
complement sum:

fatchs S0
execute:1 ;%g
totals 2
Necessary to de-
complement sumt
fetch: 90

execute: 225
totalr 315

8/1/57



THE COMPUTER

Description of operation:

Summary:

(ra)} + (B[aaaa])—=Blaaaa].

Flow chart:

(B [aaas] )—»rIB.

Clear rE, rIB
(rc:04) = Bfaaaa) —=rk,

Set A sign-indicator equal
to (rA: = 1)/1

Clear rA:xl

Non-existent-address
ALARM STOP,

C

(rIB) —=1rD.

Set D sign~indicator equal
to (rD: * 1)/1.

Adjust subtract indicator.
Clear rD:zxl.

(rA) + (rD)~=rD.
(ra) + (rD) —-rIB,

Adjust OVERFLOW Indicator,

Set (rD: %+ 1)/1 and (rIB: * 1)/1
to sign of result.

Set (rA: * 1}/1 equal
to A sign-indicator.

(rIB)—=B[aaad].

Operation complete.

I1-19-3 8/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Exceptional conditions:

l. Noneexistent-address ALARM STOP.

Remarkst

1, The execution of this instruction can cause arithmetic overflow,
in which case the OVERFLOW Indicator is set to "on'.

Reglister status:

Reglster Contents after Contenta if non-existent-
name execution of AllL. address ALARM STOP occurs.
A Unchanged.™ (rAsgl) = 0, (rA:00), = (rA:oo)b
R Unchanged. Unchanged.
D (ra), + (B[aaaa]). 2{1 1111 9/aaaa
B Unchanged. Unchanged.
P (rP)y, + 1. (rP), + 1.
c i111[1 9(B[anad] ii11i[l9B[anaa)
L1 i | I i I O
E B [aaad] B [aaad]

*ixcept that (rA:ii)/2=(ra:+1)/ 4=(ra:+1)/8=0



OPERATIONAL CHARACTERISTICS CF THE DATATRON 220

Operation code: 20

Operation namet INCREASE B, BRANCH Abbreviation: IBB
Instruction formatt Time (Ps)
+£+123L4L567890 No branch:
*innnni0plaaaa fetch: 90
executet 35
totals
Definitions:
Branchi
b4 if + is odd, B-register address-
modification will occur; otherwise, fetcht 90
there will be no modification. execute: ES
total:

nmnnt modifier for the contents of the
B register.

Op: operation code.

aaaat address of base of location containing
alternate instruction.

II-20-2 9/1/57



THE COMPUTER

Description of operation:

Summarys
Increase (rB) by nnnn. If no overflow occurs, set (rP) = Bfaaaa] (i.e.,
prepare to branch to location containing alternate instruction)j if overflow occurs,
control continues in sequence, Overflow of the B register does not set the
OVERTLOW Indicator on.

Flow chart:

Clear rE, riIB,.

(rB).D + (rcthly) —s=rB.

No
Ovarflow. overflow,

CB (rC:OL ) —»=rP.

Operation complete.

Exceptional conditions: NONE

Remarkst

I1=20~3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status:

Reglster Contents after
name execution of I1BB,.
A Unchanged.,
R "
+
D Zlnnnn 2 0jaaaa
B low=order digits of sum,

8 = (rB)b + nnnn,
P (rP)b + 1, if 8 > 9999 (overflow)

B (aaad), 1f 5 < 9999 (no overflow)

c nnnn 210 B[aaaa)
Lo 4. i

}

E Cleared,

1T-20-k 9/1/57



THE COMPUTER

Examgles:

1,

(rP)b
(rB)b
(rC)

(rB),

(rp)a

(rP)b
(rB)b
(xC)

(rB)y

(rP),

H

it

0

0001 20

0005 20

0412
9984
0396

9985
0396

0412
9997
0396

0002
0413

{Branch; no overflow)

(No branch; overflow)

11-20-5

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: DECREASE B, BRANCH

Instruction format:

+1234567890

*innnn|Op|aaa a]
Lt} | I

Definitions:

*

nnnnit

Op1

asaal

if * is odd, B-register address-
modification will occurj otherwise
there will be no such modifigation.

modifier for the contents of the
B register,

operation code,

address of base of location con-
tzining alternate instruction.

IT-21-2

Operation code

Abbreviation:

Time (ps)t

No branch:
fetch:
aexecute:
total:

Branch:?
fetch?
axecutes:
total:

: 21

DBB

90
35

90
55

9/1/57



THE COMPUTER

Deacription of operation:

Summary:
Decrease (rB) by nnnn. If no underflow occurs set (rP) = B[aaaa] (i.e.,

prepare to branch to location containing alternate instruction); if under-
flow occurs, control continues in sequence.

Flow chartt
Clear rE, riB,

(PB)b = (rCihly) —» rB,

No
Underflow underflow

(rC204) —» rP.

é Operation complete.

NOTE: When underflow doss ocour, the complement of the algebraie
difference (rB)b - (rCzhhs, will appear in rB,

Exceptional sonditionst none,

Remarks:

I1-21-3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Re gister status:

Register Contents after
name sxecution of DBB,
A Unchanged,
R »
D _".‘.n'nln'n 211 aaaa
B low~-order digits of D =

I(rB)bl - 'nmm'

P (r!’)b + 1, if underflow,
B[aaaa], if no underflow,

c nnna 2’1 Bl[a?a?]

E Cleared

I1I-21-} 9/1/57



THE COMPUTER

Examples:

1.

(rP)y,
(rB)b
(rC)

(rB)y
(rP),

(rP)y,
(rB)b
(rC)

(rB),
(rP),

0002 20

0005 20

0412
0006
0396

0004
0396

0412
0002
0396

9997
0413

(Branch; no underflow.)

{(No branch; underflow,)

I1I1~-21-5

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name:

FLOATING ADD

FLOATING ADD ABSOLUTE

Instruction format:

+1234567890

*in iri

v QP ﬁiala|a

Definitions:

4+

—

ii:

Op:

aaaa:

if + is odd, B-register address-
modification will occur; otherwise
there will be no such modification.
normalizing limiter.

not relevant to the execution of
these instructions.

variation designator:

v = 0: FLOATING ADD will be
executed.
v = 1: FLOATING ADD ABSOLUTE

will be executed.
operation code,

address of base of location of
augend,

Time (ps):

Underflow:

Minimum:
fetch: 90
execute: 235
total: 325

Maximum:
fetch: 90
execute: 320
total: 410

11-22-2

Operation code:

Abbreviation:

Time (ps) (continued):

Sum = 0:
fetch:

execute:
total:

Sum # O0:

no de-complement:

minimum:

fetch:
execute:
total:

maximum:

fetch:
execute:
total:

22
FAD

FAA

90
190

280

90
125
215

920
270
360

de-complement:

minimum:
fetch: 80
execute: 190
total: 280
maximum:
fetch: 90
execute: 325
total: 415
7/1/58

Replaces 9/1/57



THE DATA PROCESSOR

Description of operation:

Summary:

Both variations treat the operands like floating-
point numbers:

v = 0: (rA) + (Blaaaa]) - rA.
v = 1: (rA) + I(B[aaaa])! > rA,
Let m be the number of digit positions through which
the sum is shifted to obtain the sum in normalized form.
If m > n, the Data Processor will halt at the end of the

Execute Phase. n = 8, 9, or 0 (where 0 means 10) is
meaningless and irrelevant.

Flow chart:

See page I11-22-5,

Exceptional conditions:

1. Non-existent-address ALARM STOP,

2, Normalization-limit ALARM STOP,

Remarks:

1. The FLOATING ADD variation will be selected for exe-
cution if v # 1.

2. The execution o0f these instructions can cause arithmetic
overflow, in which case the OVERFLO¥ Indicator will be turned on.
Arithmetic overflow occurs when the machine-coded exponent exceeds
99,

3. If the result of a FAD or FAA instruction is zeroc, the
A register~-which will contain the sum--is cleared. Hence, a
zero sum has the form + 00 0000 0000, that is, 0 x 10-20,

4, 1In adjusting the exponents so that addition can take
place, low-order digits of one of the operands--the one whose
exponent is smaller--are lost. Rounding does not occur; that is,
the highest~order digit discarded is not examined to determine
whether the low-order digit retained should be increased by 1.

7/1/58
11-22-3 Replaces 9/1/57



OPERATICNAL CHARACTERISTICS OF THE DATATRON 220

5. During the normalization process the number of digit
positions, m, through which the sum is to be shifted is determined.
Ifm>n, n# 8, 9, or O, where n is the normalizing limiter, then
(rC:11), = 10 - (m = n); if m = n, (rC:11), = 0, Ifn =8, 9, or

0, (rC:11), = 0.

After normalization, if (rC:11) # 0, the Single Step Toggle
(SST) will be turned on. YWhenever SST is turned on, the Data
Processor will stop at the end of the cycle~~Fetch Phase or
Execute Phase--and wait for a signal to resume (automatic)
operation,

7/1/58
11-22~4 Replaces 9/1/57



THE DATA PROCESSOR

Description of operation:

Flow chart:

Non-existent-
address
ALARM STOP

Clear rE, rIB.

SJet A sign-~indicator
= (rA:+1) (
(rA:Qi) rh:01.

(:) (rC:04) = Blaaaa] - rE,

(Blaaaal]) » rIB,
Clear rA:x1.

(rIB) - rD.

Adjust sign and
subtract indicators

(:) Clear rD:*1,.

(ra:22) - Ax.
(rDx:22) » Dx.

Clear rA;:22.
Clear rD:22,

O
11-22-6

(8x) > (Dx)

(Ax) = (Dx)

{ax) < (Dx)

[

I11-22-7

®
11-22-6

7/1/58
I1-22-5 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Flow chart (continued):

©
I1-22-5

I1-22.5
(Dx) + 1 » Dx C) (Ax) + 1 » Ax
(rD:91) » rD:01 (rA;91) -»> raA:01
(rD:81) - rD:91 (rA:81) » rA:91
(rD:%1) - rD:11 (rA:+1) - rA:11
Set (rD:%1) = 0. Set (rA:+1) = 0,
(rD) = 0 (rD) # 0 (rA) =0 [(rd) #0
I1-22-~-5 { I1-22-5
C) (Ax) - raA:22 () (Dx) -» rD:22
, (Ax) - rA:22
Set (rA:x1)/1
equal to sign Set (rD:+1)/1
of result, equal to sign
of result,
(t) Operation
complete (> (rD) - rA
Clear rD:*1.

(:) Operation
complete

7/1/58
I11-22-6 Replaces 9/1/57



THE DATA PROCESSOR

Flow chart (continued):

I1-22-5
. (rA) + (rD) ~» rA.

. Decomplement result,
if necessary.

. - (ra:21) £ 0 (rA:21) £ 0
(ra:21) 0 (%) < 99 A= 95
({) (}) (Ax) + 1 » Ax Set OVERFLOW

I11-22-8 Indicator on.
(rA:91) > raA:01
(rA:81) = rA:91

. Operation

complete
(rA:x1) > rA:11l
Set (rA:*1) = 0,
(j Determine if normal-

izing limiter is
exceeded,

Normalizing
limiter
exceeded

Set Single Step
Toggle on.

1I1-22-8

7/1/58
11-22-7 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Flow chart (continued):

®
IT-22-7

(ra:31) = 0 (rA:31) = 0
(rA:31) # 0 (Ax) = 00 (Ax) # 00
(i) (Ax) - 1 » Ax
{ra:11) » rA:xl
{rAa:21) > raA:11
(rA:01) - rA:91
{rA:x1) -» rA:01
Tally 1
Tally Tally
= 7 £ 7
O nE—
11-22-7
C) (Ax) > rA:22 C Clear rA.
(Dx) » rD:22 (underflow)
Set (rA:x1)/1
equal to sign (:) Operation complete
of result.

(:) Operation
complete

7/1/58
11-22-8 Replaces 9/1/57



THE DATA PROCESSOR

Register status:

Register Contents after Contents after
name execution of FAD, execution of FAA.
A (rd)y, + (Blaaaa]) (rA), + (Blaaaal)
R Unchanged Unchanged
D 0!/1 0/O0O0O0CO0O0O0O0 01 0{0O000O0O0O0O0
1 I N A T T A i Y T T N DO Y T
B Unchanged Unchanged
P (rP), + 1 (rP), + 1
b b
C 0fli i]0 2'2 Blaaaa 0{i i|/1!{2 2|B[aaaa]
I L1 | 1 L1
E Blaaaa] Blaaaa]
Register Contents if non-existent. Contents if OVERFLOW
name address ALARM STOP occurs. Indicator is on.
A Unchanged Unnormalized sum with-
out exponent.
R Unchanged Unchanged
D tinfi ijv|2 2ia a a a Cleared
! | 1 i
B Unchanged Unchanged
P (rP)b + 1 (rP)b + 1
C SERIMER: B[a:la.aa] nii ilv 212 B[aaala]
i ] | I .1
E Blaaaa] Blaaaa]

II-22-9

7/1/58



- OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status (continued):

Register Contents if normalization-
name limit ALARM STOP occurs.
A Normalized sum
R Unchanged
D 0|1 O[O0 0O O0O0O0O00O0
] O A S A I
B Unchanged
P (rP)b + 1
C *[i i|v]{2 2(B[aaaa
1 [
E Blaaaa]
*10 - (m - n).
11-22-10

7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name:

FLOATING SUBTRACT

FLOATING SUBTRACT ABSOLUTE

Instruction format:

1234567890

tinji ifv|Op|a a a a

] } 1 ] i
Definitions:

t: if * is odd, B-register address-
modification will occur; otherwise
there will be no such modification.

n: normalizing limiter.

ii: not relevant to the execution of
these instructions.

v variation designator:

v = 0: FLOATING SUBTRACT will
be executed.

v = 1: FLOATING SUBTRACT ARSOLUTE
will be executed.

Op: operation code.

aaaa: address of base of location of
subtrahend.

Time (us)

Underflow:

minimum:
fetch: a0
execute: 235
total: 325
maximum:
fetch: 2110
execute: 320
total: 410

11-23~2

Operation code: 23

Abbreviation: F3U

FSA

Time (pus) (continued):

Sum = 0
fetch: 90
execute: 190
total: 280
Sum # O:

no de-complement:

minimum;
fetch: 90
execute: 125
total: 215
maximum:
fetch: 90
execute: 270
total: 360

de-complement:

minimum:
fetch: 90
execute: 190
total: 280
maximum:
fetch: 90
execute: 325
total: 415
7/1/58

Replaces 9/1/57



THE DATA PROCESSOR

Description of operation:
Summary:

Both variations treat the operands like floating-point
numbers:

v = 0: (raA) - (Blaaaal]) > raA.
v = 1: (rA) - I(B[aaaa])l > rA,
Let m be the number of digit positions through which
the difference is shifted to obtain the difference in normal-
ized form. If m > n, the Data Processor will halt at the end
of the Execute Phase. n = 8, 9, or 0 (where 0 means 10) is
meaningless and irrelevant.

Flow chart:

See page 11-23-5.

Exceptional conditions:

1., Non-existent-address ALARM STOP,

2. Normalization-limit ALARM STOP.

Remarks:

1. The FLOATING SUBTRACT variation will be selected for exe~
cution if v £ 1.

2, The execution of these instructions can cause arithmetic
overflow, in which case the OVERFLOW Indicator will be turned on.
Arithmetic overflow occurs when the machine-coded exponent exceeds
99.

3. 1I1f the result of a FSU or FSA instruction is zero, the A
register--which will contain the difference--is cleared. Hence, a
zero difference has the form + 0O 0000 0000, that is, 0 x 1072V,

4, In adjusting the exponents so that subtraction can take
place, low-order digits of one of the operands--the one whose
exponent is smaller--are lost, Rounding does not occur; that is,
the highest-order digit lost is not examined to determine whether
the low-order digit retained should be increased by 1.

7/1/58
1I-23-3 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

5., During the normalization process the number of digit
positions, m, through which the difference is to be shifted
is determined. If m > n, n # 8, 9, or 0, where n is the normal-~
izing limiter, then (rC:11), = 10 - (m - n); if m = n, (rC:11),

=0, Ifn=28, 9, or 0, (xC:11), 0.

After normalization, if (rC:11) # 0, the Single Step Toggle
(SST) will be turned on, Whenever SST is turned on, the Data
Processor will stop at the end of the cycle--Fetch Phase or
Execute Phase--and wait for a signal to resume (automatic)
operation.

_ 7/1/58
11-23-4 Replaces 92/1/57



THE DATA PROCESSOR

Description of operation:

Flow chart:

Clear rE, riIB,
Set A sign-indicator
= (rA:t1) /1.

Set subtract indicator on.

(rC:04) = Blaaaa] - rE.

Non-existent-
address

(B[aaaa]) » rIB,
Clear rA:+1,

ALARM STOP

(riB) - rD.

Adjust sign and
subtract indicators.
Clear rD:*1.

(rA:22) - Ax.
(rD:22) - Dx.

Clear rA:22,
Clear rD:22,

(ax) > (Dx)

(Ax) = Dx)

(ax) < (Dx)

®
11-23-6

% 1I1-23-6

I11-23-7

7/1/58

11-23-5 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Flow chart (continued):

® ©
11-23-5 I1-23-5

() (Dx) + 1 -» Dx C) (Ax) + 1 - Ax
(rD:;91) -» rD:01 (rA:91) » raA:01
(rD:81) - rD:91 (rA:81) - rA:91
(rD:*1) > rD: 11 (rA:x1) > TrA:11
Set (rD:;x1) = 0. Set (raA:xl1) = 0.
(rD) = 0 (rD) # 0 (rA) =0 (rA) # 0

I11-23-5 £ 11-23-5

C) (Ax) -» raA:22 () (Dx) -» rD:22

(Ax) - rA:22
Set (rA:+1)/1
equal to sign Set (rD:%1)/1
of result. equal to sign
of result,

O Operation C

complete

—/

{(rD) »> raA
Clear rD:*1.

<:) Operation

complete

7/1/58
11-23-6 Replaces 9/1/57



THE DATA PROCESSOR

Flow chart (continued):

(®)

11-23-5

() (xA) - (zD) - ra.

. Decomplement result,
' if necessary.

(ra:21) £ 0 (ra:21) # 0
(Ax) < 99 (Ax) = 99

(f) (t) (ax) + 1 » Ax Set OVERFLOW
I1-23-8

Indicator on.
(rA:91) -» raA:01
(rA:81) » rA:91

(rA:21) =0

Operation
complete

(rA:+1) - ra:11l
Set (rA:*1) = 0,
(:) Determine if normal-

izing limiter is
exceeded,

Normalizing
limiter
exceeded

Set Single Step
Toggle on

11-23-8

7/1/58
11-23-7 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Flow chart (continued):

11-23-7

(rA:31) =0

(rA:31) # 0 (Ax) = 00 (rA:31) =0

(Ax) # 0

(i) (Ax) - 1 » Ax

(rA:11) » rA:fl
(rA:21) » rA:11

L -

(rA:01) = rA:91
(rA:x1) -» raA:01

Tally 1

Tally Tally
= 7 # 7

®1 1-23-7

\ . Clear rA.
O am-mz O Lk,

Set (raA:xl)/1
equal to sign
of result.

(f) Operation
complete

(:) Operation complete

7/1/58
11-23-8 Replaces 9/1/57



THE DATA PROCESSOR

Register status:

Register Contents after Contents after
name execution of FSU, execution of FSA.
A (ra),, - (Blaaaa]) (ra), - |(B[aaaa]”
R Unchanged Unchanged
D 01 0/0000O0O0O0OC0C 0{10(000C0000O0
I WO T I N T T | | [T N WO T N |
B Unchanged Unchanged
P (rP), + 1 (rP),, + 1
b b
c 0li ilo|2 3|Blaaaa] 0|li 1l1]2 3|B{aaaa]
| 1 [I | | I [
E Blaaaa] Blaaaa]
Register Contents if non-existent- Contents if OVERFLOW
name address ALARM STOP occurs. Indicator is on.
A Unchanged Unnormalized difference
without exponent.
R Unchanged Unchanged
D +in|i ijv|2 3ja a a a Cleared
i ] [ T
B Unchanged Unchanged
| & (rP)b + 1 (rP)b + 1
c nii i|{v|2 3|Blaazaa] nfi ijv|2 3 B[aaa?]
l i { .t 1 i | L1
B[aaaal] Blaaaal]
11-23-9 7/1/58




OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status (continued):

Register ' Contents if normalization
name limit ALARM STOP occurs,
A Normalized difference
R Unchanged
D 0110|1000 00000
i [ S N N NN B WO |

B Unchanged
P (rP)b + 1

* i'i v 213 Blaaaa]

11

E Blaaaa]

*10 - (m - n).

I1-23-10 7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name:

Instruction format;

FLOATING MULTIPLY

12345678290

4

ililili

op

a

a

aa
|

Definitions:

if & is odd, B=register addresse
modification will occur} cotherwise,
there will be no such modification.

not relevant to the execution of

this instruction.

operation cede,

address of base of location of

multiplicand,

I1=24=2

Operation code: 24

Time (us):

Product =

fetch:

execute:

total:
Overflow:

fetch:

eXecute:

total:

Underflow:

Minimum:

fetch:

execute:

total:
Maximum:

fetch:

execute:

ﬁotal:

Product # O:

Average:

fetch:

execute:

total:
Maximum:

fetch:

execute:

total:

Abbreviation:

0:

FMU

90
85
175

90
165
255

90
165
255

90
1475
1555

90
2825
2915

9/1/5%



THE DATA PROCESSOR

Description of operation:

Summary:

This instruction treats the operands like floating-point
numbers:

The floating-point product, (rA) x (Blaaaal), is
generated. The two~digit exponent and the eight high-order
digits of the product's mantissa replace the contents of the
A register, The seven or eight low~order digits of the
product's mantissa are inserted in the high-order end of the
R register with the three or two low-order digit positions of
the R register set to zeroc. The sign of the product is inserted
in the sign-~digit position in both the A and R registers.

Flow chart:

See page 11-24-6,

Exceptional conditions:

l. Non-existent-address ALARM STOP.

2, '"Spurious exponent overflow" can occur in case exponent
arithmetic~-which takes place before the mantissas are multiplied--
yields 100 for the adjusted sum of the exponents of (rA) and
(B[aaaa]): if the adjusted sum of these exponents is 100, the
OVERFLOW Indicator is turned on, even though normalization of the
product might yield a valid exponent, namely, 99, and the Execute
Phase is terminated.

For example, suppose (rA) = 0 75 1000 0000 = (aaaa); the
instruction is 0 0000 FMU aaaa. The execution of this instruction
should yield (rA) = 0 99 1000 0000. Instead, the OVERFLOW Indicator
is turned on.

Remarks:

1. Exponent overflow can occur, in which case the OVERFLOW
Indicator is turned on.

2. Exponent underflow causes both the A and R registers to be
cleared, but is not otherwise indicated.

3. In case the mantissa of either operand is not normalized--
in which case at least one of (rA:31) and (rD:31) is 0--it is
assumed that the product will be zero. The operation is terminated
as soon as this condition is determined to exist--85 us are re
quired-~with the A and R registers cleared.

7/1/58
11-24-3 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

4, In normalizing the product, the A and R registers are
shifted together one or two places to the right (see flow chart).
Hence, the R register will contain either seven or eight low-order
digits of the product's mantissa., It is not possible to predict
which will be the case unless one knows the magnitudes of the
multiplier and multiplicand.

Register status:

Register Contents after Contents if non-existent-
name execution of FMU. address ALARM STOP occurs,
A Exponent and eight high- Unchanged

order digits of product,
R Low order digits of pro=- Unchanged

duct as described.
D (B[aaaa])* x 11112 4/aaaa
B Unchanged Unchanged
P (rP), + 1 (rP), + 1

b b
C iiii|2 4{B{aaaa] iiii}2 4|B[aaaa]
1 4 i 1 L ¢ 1 i YRR

E Blaaaa] Blaaaa]

However, (rD:*1) = 0; that is, the sign digit of
the multiplicand may not be restored.

11-24-4

7/1/57
Replaces 9/1/57



THE DATA PROCESSOR

Register status (continued):

Contents if (exponent)
Register | overflow occurs during Contents if (exponent)

name exponent arithmetic. underflow occurs,
A Cleared Cleared
R (rR:23) = 000; (rR:08) Cleared

= (rR:08),. a
D (rD:¥1) = 0; (rD:88) = | (rD:23) = 000; (xD:86),

(rD:08); (rD:02) = 00, = (rD:06),; (rD:02) = 00.
B Unchanged Unchanged
P (rP)b + 1 (rP)b +1
C iiiij2 4 Bgaaaa] iiii|2 4|B[aaaa]

[ t 11 [ | I b4
E B[aaaa] Bfaaaa]
7/1/58

1I-24-5 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of operation:

Flow chart:

Clear rE, riIB,
(rC:04) = Blaaaa] » rE.
Clear rR and rA:fl.

Set result sign-indicator
equal to (rA:%1)/1,

Non-existent-

(B[aaaa]) » riB,

address
ALARM STOP
(rIB) - rD.
(rA:31) # 0 (rA:31) =0
and or
(rD:31) # 0 (rD:31) =0

Clear rA and rR.
(Product 0)

Operation complete
Adjust result
sign-indicator.
Clear rD:*1.

(rA:22) -» Ax
(rD:22) - Dx

Clear ra:22
Clear rD:22

®
I1-24-7

I11~24-6 Replaces

7/1/58
9/1/57



THE DATA PROCESSOR

Flow chart (continued):

®
I11.24-6
<> (rA:01) - rR:91
(rad:91) - rRr:81

(rA:31) - rR:21

Shift and circulate
(rD) two places left,

C) Shift (rR) one place
to the right.

(l) (Ax) + (Dx) - 50 - Ax.

(Ax) < 00 I 00 < (Ax) < 99 I (Ax) > 99
Clear rA. () Set OVERFLOW
Clear rR. Indicator on.
(under flow)
Operation (i) Operation
complete complete

() R:08) x (zp) > ra, rR.

(This is the same operation
as in the fixed point multi-
plication cycle, except that
the machine decimal point in
rR is between rR:21 and rR:31.)

Clear rA:*1.

11-24-8

7/1/58
11-.24-7 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Flow chart (continued):

(®)

I1-24-7
(rA:11) = 0 (rA:11) = 0
(rA:11) # 0 and and
(Ax) # 00 (Ax) = 00
C Normalize product: C) Clear rA,.
shift (rA, rR) two Clear rR.
places to the (underflow)
right,
Clear result
Set (rA:12) = 00, sign-indi-

cator,

(: Normalize pro-

duct: shift
(rA, rR) one
place to the
right.

Set (rAa:+1) = 0.

(Ax) - 1 » Ax

C) (Ax) - rA:22

(Dx) -» rD:22

Set (rA:*1)/1 and
(rR:*1)/1 to result
sign-indicator.

(:) Operation complete

I1-24-8 7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: FLOATING DIVIDE

Instruction format:

£1234567890

+|i i
*+ [lili Qp aﬁﬂala

Definitions:
+3 if + 1s odd, Beregister addresse
modification will occury otherwise,
there will be no such modification,

iiiis not relevant to the execution of
this instruction,

Om operation code.

aaaas address of base of location of
divisor,

II=25=2

Operation code: 25

Abbreviation:

Time (us):

Quotient or divisor

fetch:
execute:
total

Underflow:
fetch:
execute:
total:

Overflow:

Minimum:
fetch:
execute:
total:

Maximum:
fetch:

execute:
total;

FDV

90
85
175

90
170

90

6685
8775

Quotient # 0.

Average:

fetch:
execute:
total:

Maximum:
fetch:

- execute:
total:

90

3985
1075

90

66835

9/1/57

0:



THE DATA PROCESSOR

Description of operation:

Summary:

This instruction treats the operands like floating-point
numbers:

Dividend: Exponent is (rA:22); high-order digits of
mantissa are (rA:08), low-order digits of mantissa are
(rR:88).

Divisor: (B[aaaal).

Quotient: exponent is (rA:22); high-order digits of
mantissa are (rA:08); low-order digit(s) of mantissa is (are)
(rr:11) [(rRr:22)].

Remainder: the low-order digit positions of the R
register,

Flow chart:

See page II-25-6.

Exceptional conditions:

1. Non-existent-address ALARM STOP.

2, "Spurious exponent underflow" can occur in case exponent
arithmetic--which takes place before the mantissas are divided--
yields the equivalent of -01 for the adjusted difference of the
exponents of (rA) and (B[aaaa]): if the adjusted difference of
these exponents is -01, the A and R registers are cleared, and the
Execute Phase is terminated, even though normalization of the
quotient might yield a valid exponent, namely, 00,

For example, suppose (rA) = 0 00 1000 0000 and (aaaa) =
0 51 1000 0000; the instruction is 0 0000 FDV aaaa. The execution
of this instruction should yield (rA) = 0 00 1000 0000 (since the
divisor is unity). Instead, the A and R registers are cleared.

Remarks:

1. Exponent overflow can occur, in which case the OVERFLOW
Indicator is turned on.

2. Exponent underflow causes both the A and R registers to be
cleared, but is not otherwise indicated.

7/1/58
11-25-3 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

3. In case the mantissa of the dividend is not normalized--
in which case (rA:31) = O--but the mantissa of the divisor is
normalized--in which case (¥D:31) # 0--it is assumed that the
quotient will be zero. The operation is terminated as soon as
this condition is determined to exist--85 ps are required--with

the A and R registers cleared.

4, In case the divisor is not normalized--in which case
(rD:31) = 0--it is assumed that the divisor is zero: the operation
is terminated as soon as this condition is determined to exist--

85 us are required--with the OVERFLOW Indicator turned on.

Register status:

Register Contents after Contents after non<existent-
name execution of FDV, address ALARM STOP.
A Quotient Unchanged
R "Remainder" Unchanged
D (rD:23) = 000; (rD:08) ¥Yliiii|2 5|aaaa
= (B[aaaa]:08) L 1 | I -
B Unchanged Unchanged
P (rP). + 1 (rP), + 1
b b
C iiiil2 5|B[aaaa] iiii|2 5|B[aaaa]
(I I | 1 | I I | SO B i L i i
E B[aaaa] Blaaaa]

I1I-25~4

7/1/58
Replaces 9/1/57



THE DATA PROCESSOR

Register status (continued):

Contents if underflow

Register occurs after exponent Contents if dividend = 0,
name arithmetic. divisor # O,
A Cleared Cleared
R Unchanged Unchanged
D (rD:23) = 000 (B[aaaa])
(rD:08) = (Bf/aaaa]:08)
B Unchanged Unchanged
P (rP). + 1 (rP), + 1
b b
C iiiij2 5|B[aaaa] iiii|2 5{B[aaaa]
Lol | I (i1 | P44
E Blaaaa] Blaaaal]
Register Contents if
name divisor = 0.
A (rA:31) = O
(rA:OO)a = (rA:OO)b
R Unchanged
D Blaaaa]
B Unchanged
P (rP)b + 1
c iidii|25 B[aaaalJ
T ] IR
E Blaaaa]
7/1/58

1I1-25-5

Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of operation:

Fiow chart:

Non-existent-

Clear rE, rIB,

(rC:04) = Blaaaa] » rE

Set result sign-indicator
equal to (rA:xl)/1.

Clear rA:x1,.

(Bl aaaa]) - riB

address
ALARM STOP
(%\ {rIB) » rD
Adjust result
sign-indicator,.
(rA:31) = 0 (rA:31) # 0
and and (rD:31) = 0
(rD:31) # 0 (rD:31) # 0
Clear rA. Set OVERFLOW
Clear rR,. Indicator on.

(quotient = 0)

Operation
complete

(divisor = 0)

Operation
complete

C) (rA:22) - Ax
(rD:22) -» Dx

Clear rA:22.
Clear rD:22,
Clear rD:*1,

®
I1-25-7

7/1/58

11-25-6 Replaces 9/1/57



THE DATA PROCESSOR

Flow chart (continued):

11-25-6

(Ax) + 50 - (Dx) - Ax

(Ax) < 00 00 < (Ax) < 99 (Ax) > 99
Clear rA. Shift (rA, rR) Set OVERFLOW
Clear rR. one place to Indicator on.
(underflow) the right.*

Operation
Operation (rA, rR) + (rD): complete
complete quotient + rA

remainder - rR

(rA:11) # O (rA:11) # 0
(rA:11) =0 and and
(Ax) < 99 (Ax) = 99
(f) Normalize quotient: Set OVERFLOW
shift (rA, rR) one x Indicator on.
place to the right.
Operation
complete

CD (Ax) + 1 > Ax

Normalize quotient:
shift (rA, rR) two

places to the right.***

(Ax) = rA:22
(Dx) - rD:22

Set (rA:x1)/1 to
result sign-indicator,.
Operation complete

*
*Exponent adjustment is made at the end of the operation if required.
*Then (rR:11) is the low-order digit of the quotient.

***rhen (rR:22) are the two low-order digits of the quotient.

7/1/58
11-25-7 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: INCRBASE FIELD LOCATION

Instruction format:

21234567890
+ le nn t%p aaaa
Definitionss
+3 if + 15 odd, B=register address-
modification will occurj otherwise,
there will be no such modification,
a3 partial-word designator:
s designates the position, within
the word, of the low=order digit
of the partial=word operand,
Ls partial-word designators
L specifies the number of digits
in the partiale-word operand,
nng modifier for the partialeword
operand,
Ops operation code,
aaaa: address of base of location of

partial=word addend,

I1=26=2

Operation Code:

Abbreviations

Time (};s 1]
fetch: 90
execute: 160
total: 250

26

IFL

9/1/57



THE COMPUTER

Deseription of operation:

Summarys

Increase (B[aaaa]: sL) by nn. If overflow occurs, set the- OVERFLOW
Indicator to "on®.

Flow charts
Clear rE, riIB
(rc:0h) = B[asaa] — rE.
Non-existent-address
(B[2asa]) —> rIB. ALARM STOP.

(rIB) —> D,
(rD: sL) + nn—> 1rD: al,

(rD) —> rIB.

£djust OVERFLOW Indicator.

rC:t 21 =0 |(rc:21);£o

(rIB) —> Blaaaa]. Field~overflow

ALARM STOPe
Operation complete,

Note: as each digit of the partial-word sum is generated, L (i.e., (xC:21))
is counted down, If, at the start, L> s+ 1, s # 0, then at the end of

the addition (rC:21) will be different from zero, and field overZlow will
be detected, See Example 6, page II-26-6,

I1I-26-3 9/1/57
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Exceptional conditions:

1. Non=cxistent-address ALARM STOP,

2., Field=overflow ALARM STOP.

Remarks:

1, If the sign=digit position of (B[aaaa]) is included in the partial-word
field specified by sL, it does not have sign significance: the sign-digit position
has numeric significance, See Examples 4,5, and 6, page II=26=6,

1I=26m4 9/1/57



THE COMPUTER

Register status:

Register Contents after Contents if non-existent=
name execution of IFL. address ALARM STOP occurs.
A Unchanged Unchanged
R " "
D (B[aaaa] Ja + le n n 2'6 aana
B Unchanged Unchanged
P (rP)b +1 (rP)b + 1
c 0 O|n n|2 6|B[aaaa) sLnnZéB[uauZl
1 i i £ 11 i 1 L [
B B[aaas B [aasa)
Register Contents if field=
name overflow ALARM STOP occurs.
A Unchanged
R "
D (B[aaaa] ),,, as modified,
B Unchanged
P (rP)b + 1
c 0 *|n n|2 6|B[aaaa]
| | ] | I |
B B [aaaa)
* Lug-l

II=26=5

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Bxanples:

1,

(rC) =

(0396,

it

(D), = (0396),

(C) =

(0416)b

(rD), = (0416),

(rC) =

(0534), =

+

+

0202 26
0000 00

0000 Q0

6314 26
2973 43

2973 57

6220 26
0002 90

0002 10

OVERFLOW Indicator

(xC)

(0600)b

#

(D), = (0600),

(rC)

(0657)y,

(D), = (0657),

L]

3412 26

2490 00

1249

1 2610 00

1232 26

9 5236 47

2 7236 47

OVERFLOW Indicator

(C)

(0900),,

(I'D)a =

2530 26

8429 60

0 84

114

1429 90

0416
6216

9216

0534
2400

2400

is set '"on".

0600
9000

9000

0657
8888

8888

is set "on".

0900

5432

5432

Field=overflow ALARM STOP.

(rC), =

0230 26 0900

I1=26=6

9/1/57
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Examples (continued):

7.

(rC)

(0963)b

(rD)a

(rC)

-
3

(2440)b

(rD)a

(rC)

(4000)b

(rD)a

(0963)a = -

= +
(2440)a = +
(4000)a = -

OVERFLOW Indicator is set

0104
1123
1123
6122
0000
0000
4115
1125

1120

26
87
87
26
81

—_—

83
26
99

99

I1-26-7

0963
0003
0007
2440
0000
0000
4000
9999
9999

flon|| .

9/1/57
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Operation name: DECREASE FIELD ILOCATION

Instruction format:

212345678090

+{s L

nn|Oplaaaa

] I |

Definitions:

%3

83

L1

nng

Opi:

asaag

if + is odd, B=register address=~
modification will occur; otherwise,
there will be no such modification,
partial=word designator:
& designates the position, within
the word, of the low-order digit
of the partial=word operand,
partial word designator:

L specifies the number of digits
in the partial word operand.

modifier for the partial=word
operand,

operation code,

address of base of location of partiale-
word minuend,

I11-27=2

Operation code:

Abbreviation:

Time Sps):

fetch: 90
execute: 160
total: 250

27

DFL

9/1/57



THE COMPUTER

Description of operation:

Summarys

Decrease (B[aaaa]: sL) by nn, If underflow occurs, set the REPEAT
Indicator to "off'"; if not, set the REPEAT Indicator to "on".

Flaw chart:

Clear rE, rIB,

Set subtract indicator.

Set REPEAT Indicator to "off".

{rc:0k) = B[aaaa] —> rE,

Non=-existant-address
(B[aasa]) — rIB. ALARM STOP,

(rIB) —» 1D,

(rD:slL) « nn —» rD:sl,

(rD) —> rIB.

No underflow Undarflow

CS Set REPEAT Indicator
to '"on'".

| (rCs2)=0 (rcs21) # 0

(r1B) —> B[aasa] Field-overflow
ALARM STOP

Operation complete,.
# See NOTE, top of page II-27-h,

11-27-3 9/1/51



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

NOTE: as each digit of the partialeword difference is generated, L (i,e.,
(rC:21)) is counted down. If, at the start, L>s + 1, s # O, then at the

end of the subtraction (rC:21) will be different from zero, and field overflow
will be detected., See Examples 6, page II=27=6,

Exceptional conditionss

1, Non=existent~address ALARM STOP,

2. Field=overflow ALARM STOP,

Remarkss

1. 1If the sign-digit position of (B [amaa]) is included in the partial=
word field specified by sL, it does not have sign significance: the signe
digit position has numeric significance, See Examples 5 and 6, page 1I-27=6,

2. It is not necessary to follow this instruction immediately
with a BRANCH, REPEAT instruction. See page 11-32-2.

II=27~4 9/1/57



THE COMPUTER

Register status:

Register Contents after Contents if non=existent=-
name execution of DFL, address ALARM STOP occurs,
A Unchanged Unchanged
R Unchanged Unchanged
D (B[aaaa] ), t|s Llnn 217 aaaa
B Unchanged Unchanged
P (P}, + 1 (rP)y + 1
c 0 0|n n|2 7|B[aaaa] s Lin n|2 7|B[aaas]
] | i [ ! ] ] [ |
R B[aaad) B{aaaa]
Register Contents if field=
name overflow ALARM STOP occurs.
A Unchanged
R Unchanged
D (B[aaaa) )y,, as modified
B Unchanged
P (I'P)b + 1
(o] 0 *|n n|2 7(B[aaaa
i ] | L1 1
B B[aaad]
* Le~s~1

I1=27=5 9/1/57
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Examples:

1.

4,

(rC) 0202 27 0396

(0396)y, + 0000 00 0012

(1b), = (0396),

+ 0000 00 0010

REPEAT Indicator is set '"on'.

(1C) = 6314 27 0416
(0416)y = = 2973 43 9216

(D), = (0416)y = = 2073 29 5216

REPEAT Indicator is set '"on',.

(C) = 6220 27 0534
(0534, = + 0002 10 2400

(rD)a = (0534), = + 0002 90 2400

REPEAT Indicator is set "off".

(rC) = 3412 27 0600
(0600), = 1 2490 00 9000

(rD), = (0600), = 1 2370 00 9000

REPEAT Indicator is set '"on'.

(xC) = 1232 27 0657
(0657)y, w 0 5236 47 8888
(D), = (0657); = 7 3236 47 8888

REPEAT Indicator is set "off".

11=27=-6

9/1/57
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Examples (continued):

6. (rC) = 2530 27 0900
(0900), = O 8429 90 5432
(rD) = (0 5429 90 5432
REPEAT Indicator is set 'on".
Field-overflow ALARM STOP.
(rC), = 0230 27 0900

I11-27-7 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name:

Instruction format:

41234567890

+s L
1

nnlOpfjaaaa
Lt 1

H 1

Definitions:

*:

Lt

if &+ is odd, B-register address-
modification will occur; otherwise,
there will be no such modification,
partial=word designator:
s designates the location, within
the word, of the low=~order digit
of the partial-word operand.
partial-word designators

L specifies the number of digits
in the partial=word operand.

modifier for the partialeword operand,

operation code,

address of base of location of partiale

word operand,

11=-28=2

DECREASE FIELD LOCATION, LOAD B

Operation code:

Abbreviation:

Time Sys):
fetch: 90

executer 160
total: 250

28

DLB

9/1/37



THE COMPUTER

Description of operation:

Summary:

Execute DFL, and, in addition, load rB with the modified partial-word
field. That is, decrease (B[aaaa]:sL) by nn. If underflow occurs, set
the REPEAT Indicator to "off"; if not, set the REPEAT Indicator to "on'.
Then load rB with the modified partial-word field.

Flow chart:

See page 1I=28«4,

Exceptienal conditions:

1, Non=existent-address ALARM STOP,

2. Fieldwoverflow ALARM STOP,

Remarks:

1, If the sign-digit position of (B[aaad)) is included in the partiale-
word field specified by sL, it does not have sign significance: the sign=
digit position has numeric significance, See Examples 5 and 6, page II-27-6,

2, The Examples for DFL will suffice to explain a large part of DLB.

The reader is referred to page I11-27«6., Light is shed on the mechanism of
the "load B" part of the operation by the Examples on page II=28~6,

Y1-28-3 9/1/87



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of operation:

Flow chart:

Clear rn, riB.
Set subtract indicator.
Set REPEAT Indicator to '"off".

(rC:04) = Blaaaa] » rE.
Clear rB.

(B E.aaag ) -3 rIB. Non-existent-address
ALARM STOP.

(rIB) — rD,

{rD:al) =« nn —» rD: sl.
(rD:sl) - nn —> rB#

(rD) — riIB.

No underflow.| Underflow.

(j Set REPEAT Indicator

to "on'.
(r¢:21) = O, (rc:21) # O,
C> (rI8) —» B[aaaa]. Field-overflow
ALARM STOP:s*

() Operation complets,

# If L <}, the L highworder digits of (rD:sL) - nn replace the L high-
order digits of rBj if L < ki, tha four high-order digits of (rD:sl) « nn
replace all of rB,

** See Note at top of next page.

11-28-4 9/1/57



THE COMPUTER

NOTE: As each digit of the partial-word difference is generated, L (i.e.,
(rC:21)) is counted down. If, at the start, L >s + 1, s # 0,

then at the end of the subtraction (rC:21) will be different from Zero,

and field overflow will be detected. See Examples 5 and 6, phges 11-28-7,

Register statuss

Register Contents after Contents if non=existent=
name execution of DLB. address ALARM STOP occurs,

A Unchanged Unchanged

R " 11

D (B[aaaa] ), #[s Lin nf2 8la aaa

B See description of Unchanged

operation,
P (rP)b + 1 (rP)y + 1
C 0 0|n nf2 8[B[aaaa] s L|n n|2 8|B[aaaa]
I 1 1 .| i i i L1 14

E B[aaaa) B[2aas]
Register Contents if field

namne overflow ALARM STOP occurs,

A Unchanged

R Unchanged

(B[aaaza] )y, as modified.

See description of operation.
(rP)y, + 1

c wom o

O*anBBElaasg
i | | 1§ 1

B B Ea.aaa]

*¥ L-g-1

II1-28-5 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Examples:
NOTE:
1, (zC) s 0402 28
(0496),, = + 1223 49
(zD)a = (0496)g = + 1223 49
(!B)' -

2.

3.

4,

REPEAT Indicator is set

(zC) = 8205 28
(0516),, © - 3946 25
(sD), = (0516)y, = ~ 3946 25

(:B)' =
REPEAT Indicator is set

(xC) = 3310 28
(0634)y, = + 0050 40
(D), = (0634), = + 9950 40

(tB)' -

0

9

tn
[

REPEAT Indicator is set

(xC) - 6650 28
(0700), = = 1255 00

(zD), = (0700), = = 1254 50

(:B)‘ - 1254

REPEAT Indicator is set

See also Bxamples, page 1I=-27=6, which elucidate DFL,

0496
0148
0146

0146

"on,"

0516
2014
1514

1500

llon. n

0634
2222

2222

noff.n

0700
9733

9753

non. L]

II=28=6 9/1/57
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Examples (continued):

5. (C) = 2420 28 0790
(0790}, = 1 3540 44 2345
(D), = 1 1540 44 2345
(rB), = 1 150
REPEAT Indicator is set 'on'.
Field-overflow ALARM STOP.
6. (xC) = 1310 28 2040
(2040}, = 0_5998 74 0000
(rD), = 9 5998 74 0000
(rB), = 9 500

REPEAT Indicator is set "off",
Field~overflow ALARM STOP,.

I1w28w=7 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: RECORD TRANSFER

Instruction format:
212345678920

%|ijn nlilOpja a a a

Definitions:

*3

i3

aaaas

if * is odd, B~register address=
modification will occur; otherwise,
there will be no such modification,

not relevant to the execution of
this instruction,

specifies the number of words to
be relocated: if nn = 00, 100
words will be relocated,

operation code,

address of base of location of
first word to be relocated,

I1w29w2

Operation code: 29

Abbreviation: RTF

Time (}:s)z

fetch: 90
axecute: 50 + 60nn
total: 140 + 60nn

9/1/57



THE COMPUTER

Description of operation:

Summarz:

Relocate the contents of nn consecutivel

-addressed locations,

beginning with the one whose address is B[aaaaf. Transfer the

specified words, in succession, and one at a time, to the nn

consecutively-addressed locations, beginning with the one whose
address is in the B register.

Flow chart:

Clear rE, riIB.

(rC:04) == rE,

(rC332) = 1 —=1C132

((£E)) —»= rIB

(xC3104) + 1—m=1Ci04

Non=-existent=address
ALARM S’IOP,

C) (rB) —»=rE,

(rB) + 1 —1B,

(rIB) —a=location
whose address is

Non=existent=address
ALARM STOP,

(tE).

(xC:32) = 00

(rC:32) # 00

Operation complete

C) Clear rE,

Clear riB

I1=29=3

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Exceptional conditionst

1, Non=existentw-address ALARM STOP,

Remarkss
1. After the execution of a RECORD TRANSFER operation, the B register will

contain the sum of the address of the last location filled plus 1, that is,
the address of "the next location to be filled.”

Register statuss

Register Contents after Contents after non=existent=
name execution of RTF, address ALARM STOP,
A Unchanged Unchanged
R ” 14
D t|i|n njij2 9ja a aa #|i|n,n|i}2 9/a a a a
B (rB)y, + nn* Indeterminate™**
P (rP)p + 1 (rP)p + 1
C i OIO i 219 B [aaad] + nn™* Indeterminate®**
11 1
E (rB)y + nn = 1* Indeterminate™**

Notes if nn = 00, ***See description of operation
*(rB), + nn = (rB)p + 100

(rB)p + nn = 1 = (rB)+99
**g [aaaa]-l- nn = B@aa{] +100

II=29=4
9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 00

Operation name: HALT Abbreviation: gy T
Time (Ps )}
Instruction format:
fetch: 90
+1234567890 executes 10

total: 100

#liiii|lopliiii

111 1470
Definitionss
* if + is odd, Be=register address

modification will oceur; otherwise,
there will be no such modification.

iiii: not relevant to the execution
of this instruction,

Ops operation code,

I11-00-2 9/1/57



THE COMPUTER

Description of operations

Summarys

The computer stops, ready to fetch the next instruction in sequence. The
RUN indicator=-light is off.

Flow chart:
Clear vE, rIB,

Turn off RUN indicatore-light,
Stop computer operation.

Operation complete,

1I=00=3 -9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Exceptional conditionss NONE,

Remarkss

1, Although the address field is not used for addressing purposes, Beregister
address-modification will occur if it is specified, No non-existent-address ALARM
STOP can occur, however,

2, If the computer senses an unassigned operation code at the beginning of

the Execute Phase, an ALARM STOP will occurt the computer will stop with the
COMPUTER PROGRAM alarm-indicator light on.

Register statusi

Register Contents after execution

name of HALT.

A Unchanged

R "

D +1i i iijoojididi
- p 34 ) |

B Unchanged

P (xP)y, + 1

c ii4iloofs[itii]

L.l i L [ Rl R §
B Cleared

I1=00=4 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 01

Operation name: NO OPERATION Abbreviation: NOP
_ Time (ns)i
Instruction formats
fetchs 90
+£1234567890 executes 10
totals 100

iiiiloplidiii
L. 4. 1.1 1 ¢t 113

i+

Definitions:

*3 if &+ is odd, Beregister address=
modification will occurj otherwise,
there will be no such modification,

11iis not relevant to the execution
of this instruction.

Ops operation code,

I1I=~01=2 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code:

Operation name: BRANCH, UNCONDITIONALLY

Abbreviation:

Instruction format:

Time (us):

+1234567890¢0
fetch: 90
+ i1, i if[0Oplaaaa execute: 35
total: 135
Definitions:
*: if £ is odd, B-register address-
modification will occur; otherwise,
there will be no such modification.
iiii: not relevant to the execution of
this instruction.
Op: operation code,
aaaa: address of base of location of

next instruction,.

II-30-2

30
BUN

9/1/57
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Description of operation:
Summary:

Transfer control to location Blaaaa), i.e., prepare to take the
next instruction from Blaaaa].

Flow chart:

Clear rE, riB.

(rc:0l) = B[aaad) —=rP,

Operation complete.

Exceptional conditions: NONE,

Remarks:

Repgister status:

Register Contents after
name execution of BUN
A Unchanged
"R "
D + i]ilili }JO aaaa
B Unchanged
P B [aaaa]
c iiii30BEaaaa]
L1t | 11
E Cleared

IT=30=3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 31

Qperation namet BRANCH, OVERFLOW Abbreviation:  BOF
Instruction format: Time ()15):
+£1234567890 No brancht
‘ fetch: 20
* ilinini Olp aa "’.‘A exacute: ]
totals 10
Definitions: Branch:
41 if + is odd, Beregister address- fetohs 90
medification will occurj otherwise, execute _;g
there will bs no such modifiecation, total: 12

11411 not relevant to the exscution of
this instruction,

Ops operation coda,

aaasat ~ddreas cof bhase of location of
alternate instruetion,

ITw3le? 9/1/57



THE COMPUTER

Description of operation:

Summary:

If the OVERFLOW Indicator is "on', transfer control to location
Blaaaa], i.e., prepare to take the next instruction from B[aaaa].
1f the OVERFLOW Indicator is "off'", control continues in sequence,.

Flow chart:

Clear rE, riIB,

OVERFLOW OVERFLOW
Indicator '"on." Indicator "off."

C (rC:04) = BEaazﬂ ~3 P

Set OVERFLOW Indicator
“"off."

Operation complete

Exceptional conditions: NONE.

Remarks:

1. The OVERFLOW Indicator may be set "on" by the following operations,

Code Name Code | Name

08 KEYBOARD ADD 22 FLOATING ADD

12 ADD - 22 FLOATING ADD ABSOLUTE

12 ADD ABSOLUTE 23 FLOATING SUBTRACT

13 SUBTRACT 23 FLOATING SUBTRACT ABSOLUTE
13 SUBTRACT ABSOLUTE 24 FLOATING MULTIPLY

15 DIVIDE 25 FLOATING DIVIDE

16 ROUND 26 INCREASE FIELD LOCATION

19 ADD TO LOCATION

I1=~31-3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status:

B{aaaa], if OVERFLOW Indicator ‘on."
if QOVERFLOW Indicator '"off,

Register Contents after
name execution of BOF.
A Unchanged
R ]

D +i1i1i1i|31aaaa
i1 1 i1
B Unchanged
P
(rP)b + 1,
c 111433 1}B[aaaa)
[ .| | i1t
E Clsared

Il=31ah

9/1/5%7



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 32

Operation name: BRANCH, REPEAT Abbreviation: BRP
Instruction format: Time st):
+12345678¢%0 No branch:
* iiilili Olp aaaa fetch: %0

execute: mlf
total: 105

Definitions:
Branch:
*: if + is odd, Be~register address-
modification will occur: otherwise fetchs 90
there will be no such modificatiocn, execute: 3§

total: i§3
iiii: not relevant to the execution of
this instruction,
Op: operation code,

aaaai address of base of location of
alternate instruction,

11-32~2 _ 9/1/57



THE COMPUTER

Description of operationt

Summary:

If the REPEAT Indicator is 'on", transfer control to location
B[aaaa)], i.e., prepare to take the next instruction from B[aaaa].
If the REPEAT Indicator is "off", control continues in sequence.

Elow charts

Clear rE, rlB,

REPEAT REPEAT
Indicator '"on'| Indicator "off"

(£C104) = B[aaaa] —»rP.

({:) Operation complete,

Exceptional conditions: NONE

Remarks:

1. The state of the REPEAT Indicator is not disturbed by the
execution of a BRANCH, REPEAT instruction.

2., The REPEAT Indicator may be set '"on' by the following operations:

Code | Name
27 DECREASE FIELD LOCATION
28 DECREASE FIELD LOCATION, LOAD B

11=32=3 | 9/1/5%7



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register statuss

Register Contents after
name execution of BRP,
A Unchanged
R "
D + i|i|11i 312 aana
B Unchanged
P B[aaaa%, if REPEAT Indicator "on'.

(rP)b + 1, if REPEAT Indicator "off',

c id
I

i i

iiBZBEaaag.]
{ i i

B Cleared

II=~32-4 9/1/57



OPLRATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation codes 33

Operation name: BRANCH, SIGN A Abbreviation: BSA
Instruction format: Time Sps)z
+ 1 2.3 4 56 7890 No brancht
+ ilili nlOpla aaa fetchs 90
executet 80
total: 170
Definitions:
Branchs
+: if # is odd, Beregister address~
modification will occur: otherwise, fetchs 90
there will be no such modification. execute: 100

total: 190
iiis not relevant to the execution of
this instruction,
ns comparison digit,
Op: operation code,

aaaat address of base of location of
alternate instruction,

I1=33=2 9/1/57
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Description of operation:

SLumnarg;

If (rA:tl) = n, transfer control to location B[aaaal], i.e.,
prepare to take the next instruction from Blaaaa]. If (rA:+1) # n,
control continues in sequence.

Flow chart:

Clear rE, riB.

Set subtract indicator.

(rAtgl) = (xC:41) = 4

A=0 A¥ O

C) (xC104) = B[aaaa] —rP,

Operation complete,

Exceptional conditions: NONE,

Remarkss



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status:

Register Contents after

name execution of BSA.

A Unchanged

R ) "

D /i 1 iin]3 3la a aa
1 i L1 g

B Unchanged

P B [aaaa) , if (rAszl) = n,

(rP)p + 1, if (rAi#l) # n,

C i i dijn{3 3|Bjaaaa|
I 1 T |

E Cleared




OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation codes 34

Operation name: BRANCH, COMPARISON HIGH Abbreviations BCH
BRANCH, COMPARISON LOW BCL
Instruction formats Time Sps):
+1234567890 No branch:
t ilili v Olp aaaa fetch: 90

executes _15
total: 103

Definitionss
Brancht
*t if # is odd, Beregister addresse
modification will occurj otherwise, fetchs 90
there will be no such modification, executes _35
totals 125

iiis not relevant to the execution of
these instructions.

V3 variation designator:

v ® O: BRANCH, COMPARISON HIGH
will be executed,

v = 13 BRANCH, COMPARISON LOW
will be executed,

aaaas address of base of location of
alternate instruction,

I1=34a2 9/1/57
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Description of operation:

Summarg:

v = O0: BRANCH, COMPARISON HIGH will be executed.
If the COMPARISON Indicator is HIGH, transfer control to
location B[aaaal, i.e., prepare to take the next instruction from

Blaaaa]. If the COMPARISON Indicator is LOW or EQUAL, control
continues in sequence.

v = 1: BRANCH, COMPARISON LOW will be executed,
If the COMPARISON Indicator is LOW, transfer control to
location B[aaaa]. If the COMPARISON Indicator is HIGH or EQUAL,
control continues in sequence.

Flow chart:

See page 11-34-4.

Exceptional conditions:

1. No-comparison ALARM STOP,

Remarks:
1, The BRANCH, COMPARISON HIGH variation will be executed if v # 1.

2. The state of the COMPARISON Indicator is not disturbed by the
execution of these instructions.

3. The COMPARISON Indicator is set by the following operations:

Code [ Name

18
18

COMPARE FIELD A
COMPARE FIELD R

II1-34-3 9/1/57



OPERATIONAL CHARACTERISTICS OF THL DATATRON 220

Description of operation:

Flow chart:

(> Clear rE, rIB.

ve0 v=1
{BCH) (BCL)

COMPARISON COMPARISON {COMPARISON

Indicator Indicator Indicator

HIGH, LOW or EQUAL, cleared,

(rC3:04) = B[aaad] 1P Ne¢ comparison
ALARM STIQP,

Operation complete

COMPARISON COMPARISON | COMPARISON
Indicator Indicator Indicator
LOW, HIGH or EQUAL., cleared,
(rC104) = Blaaad] —prP No-comparison
ALARM STOP.

Operation complete

11m34wd 9/1/57
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Register status:

Register Contents after execution Contents after execution
name if branching occurs, if branching does not occur,
A Unchanged Unchanged
R " e
D +|i i i|lv|3 4|la aa a +]i 1 i|lv|3 4jaaaa

1t 1 L1 [ | 1 141
B Unchanged Unchanged
P B [aaad] (::P)b + 1
C i i i|v|3 4 B[raad] i i i|v|3 4|B [Raad]
L1 | L1} | i 1 L
E Cleared Cleared

Register Contents if no-comparison

name ALARM 5TOP occurs,

A Unchanged

R "

D #/i i ilv|3 d4jlaaaa
L1 ] 11 1

B Unchanged

P (rP)y + 1

C iiiv34B[aaaa:]
L | =t 1

E Cleared

IIw34w5 9/1/57



OPLRATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 35

Operation name: BRANCH, COMPARISON EQUAL Abbreviation: BCE
BRANCH, COMPARISON UNEQUAL BCU
Instruction format: Time (}Js):
21234567890 No branch:
2|1 i ijv|Opja aaa fetch: 920
L L — executes 15

totaly 105

Definitions:
Branchs
+3 if + is odd, Berégister address-
modification will occurj otherwise, fetch: 90
there will be no such modification, executes _35
total: 125

iiiy not relevant to the execution of
these instructions,

v variation designator:

v = 0t BRANCH, COMPAR1SON EQUAL
will be executed,

v = 13 BRANCH, COMPARISON UNEQUAL
will be exacuted,

Opt operation code,

asaag address of base of location of
alternate instruction,

ITw35=2 : 9/1/5%7
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Description of operation:

SummarX:

v = 0: BRANCH, COMPARISON EQUAL will be executed.

If the COMPARISON Indicator is EQUAL, transfer control to location
Blaaaa], i.e., prepare to take the next instruction from Blaaaal. If the
COMPARISON Indicator is HIGH or LOW, control continues in sequence.

v = 1: BRANCH, COMPARISON UNEQUAL will be executed.

If the COMPARISON Indicator is HIGH or LOW, transfer control to
location B[aaaa]. If the COMPARISON Indicator is EQUAL, control continues
in sequence.

Flow chart:

See page 1I1-35-4,.

_ Exceptional conditions:

1. No-comparison ALARM STOP.

Remarks:
1. The BRANCH, COMPARISON EQUAL variation will be executed if v # 1.

2. The state of the COMPARISON Indlcator is not disturbed by the
execution of these instructions.

3. The COMPARISON Indicator is set by the following operations:

Code I Name

18 COMPARE FIELD A
18 COMPARE FIELD R

11-35-3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of operation:

Flow chart:

() Clear rE, riIB.

v =20 vel
{BCE) (BCU)

COMPARISON| COMPARISON COMPARISON

Indicator Indicator Indicator

EQUAL. HIGH or LOW. | cleared.

Cb (rC:04) = B [aaad] ~yrP No~comparison
ALARM STOP
Operation complete
COMPARI SON COMPARISON COMPARISON
Indicator Indicator Indicator
HIGH or LOW. EQUAL. cleared.
No-comparison
C (rC:04) = B(aaaa] —»rP ALARM STOP,

Operation complete,

11-35-4 9/1/57
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Register status:

Register Contents after execution Contents af ter execution
name if branching occurs, ' if branching does not occur,
A Unchanged Unchanged
R " "

D 4}i i ijv]|3 5]/a a a a #|i i i|lvi3 5|aaana
[ | I 1.1 =l 4 1 I 1 1 1
B Unchanged Unchanged
P Bfaaad] (rP)b + 1
c i i ijv|3 5|B [aaad) i i i|v|3 5{B[aaad]
i | ! it L1 L L ki
E Cleared Cleared

Register Contents if no=comparison

name ALARM STOP occurs,

A Unchanged

R "

D + ililiv3|5 aaaa

B Unchanged

P ( Py + 1

c i i i{v}|3 5/B(aaad]
L | y 1

R Cleared

II=35as 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: BRANCH, FIELD A

Instruction format:

+12345678090

*is L
it B

nn|lOp ataiala

1 i

Definitions:

hdt ]

—

L

Op1

aaaal

if # is odd, B=register address=-
modification will occur; otherwise,
there will be ne such modification,
partialeword designator:
8 designates the position, within
the word, of the low-order digit
of the partial-word operand,
partiale=word designator:

L specifies the number of digits
in the partialeword operand,

basis for comparator,
operation code,

address of base of location of
alternate instruction,

IT=36~2

Operation code: 36

Abbreviationt BEA

Time SPS)=
No branch:
fetch: 90
execute: 75
totals 165
Branch:
fetch: 90

execute: 95
total: 185

9/1/57
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Description of operatiou:

Summarys

Beginning with the low order Jdigit of (rA:sl), successively higher=order
digits are compared alternately with the low=order and higheorder digit of nn,
If equality obtains for every digit position compared, transfer control to loca=-
tion B[aaai], i.e., take the next instruction from B[2zaai]. If inequality obtains
for any digit position, control continues in sequence,

Flow chart:

See page II=36=4,

Exceptional conditions:

1. Fieldeoverflow ALARM $STOP,

Remarks:

1, Except for the difference in registers, BRANCH, FIELD A and BRANCH FIELD R
are identical in operation., See pages 1I=37=2, ff,

I11=36=3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of operation:

Flow chart:

Clear rE, riIB,

Set subtract indicator,

(rAssL) = N =iF

A=0 A#0

(rC104) = B[aaad] - P

Field-overfigw
Operation complete. ALARM STOP,

The subtrahend, N , is an L=digit number, constructed with the two=-digit
number, nr, as a basis: the low~order digit of N is the low=order digit of
nnj the next-higher«order digit of N is the high=order digit of nn; the
next=higher~order digit of N is the loweorder digit of nnj; and so forth,
successively higher=order digits of N being, alternately the high~ and low=

order digits of nn,

** As each digit of N is generated, L (i.e., (rC:21) is counted down.
1f, at the start, L > s + 1, s # 0, then at the end of the comparison
(rC:21) is different from zero, and field overflow is detected.



THE COMPUTER

Register status:

Register Contents after Contents if field=overflow
name execution of BFA. ALARM STOP occurs.
A Unchanged Unchanged
R 1] 1
D +#|ls LInn|3 éla a a a +|s L|ln n|3 6]la a a a
=1 | i L =il ! i L1 1
B Unchanged Unchanged
P B [aaad}, if branch. B[@aaad], if branch would have
occurred,
(rP)y, + 1, if no branch. (rP)p + 1, if no branch would
have occurred,
C 0 Ofn n|3 6|B[aaad] O*nnBGB@aa{]
| 1 { t 1| | | [ |
E Cleared Cleared
*L-s-1

I1=36=5

9/1/5%



OPERATIONAL CHARACTERISTICS OF

THE DATATRON 220

Operation name: BRANCH, FIELD R

Instruction format:

+ 1234567890
+ s{L nn (%p aaaa
Definitions:
+3 if + is odd, B~-register address,
modification will occur; otherwise,
there will be no such modification.
5% partial-word designator,
s designates the position, within
the word, of the lowsorder digit
of the partial=word operand,
) partial=-word designator,
L specifies the number of digits
in the partial=word operand,
nng basis for comparator,
Op: operation code,
aaaay address of base of location of

alternate instruction,

11=37=2

Operation codes 37

Abbreviation: BER

Time €PS)=
No branch:
fetchs 90
execute: 75
total: 165
Branch:
fetchs 90

executer 95
total: 185

9/1/57
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Description of operation:

Summarys

Beginning with the low=order digit of (rRisL), successively higher~
order digits are compared alternately with the loweorder and highworder
digit of nn, If equality obtains for every digit position compared,
transfer control to B[aaad], i,e,, take the next instruction from B[aaad],
If inequality obtains for any digit position, control continues in Sequence,

Flow chart:

See page II=37=4,

Exceptional conditionss

1, Fieldwoverflow ALARM STOP,

Remarks:

1, Except for the difference in registers, BRANCH, PIELD R and BRANCH,
PIELD A are identical in operation, See pages II=36=2, ff,

II1=37=3 9/1/57



_ OPEPATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of operation:

Flow charts

Clear rE, riIB.

Set subtract indicator,

(rRisL) = N =A"

A= 0 AfO

(rC304) = B [2aad] —rP,

Field=overflow
Operation c¢omplete, ALARM STOP,

* The subtrahend, N , is an L = digit number, constructed with the two=digit
number, nn, as a basis: the loweorder digit of N is the low=order digit of

nnj the next=higher-order digit of N is the highe~order digit of nn; the next~
higher=order digit of N is the loweorder digit of nnj; the so forth, successively
higher~order digits of N being, alternately, the high~ and low~order digits of nn,

** As each digit of N is generated, L (i.e., {(rC:21) is counted down.

1f, at the start, L > s + 1, s # 0, then at the end of the comparison,
(rC:21) is different from zero, and field overflow is deiected.

I1~374 9/1/57
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Description of operation:

Register Contents after Contents if field=overflow
name execution of BFR ALARM STOP occurs,
A Unchanged ' Unchanged
R ” "
D 4[5 Lin n{3 7]a a a a +ls Lin n|3 7|]a a a a
| ] ] boa i d B | | i1
B Unchanged Unchanged
P B [aaaa), if branch, B[aaad], if branch would have
occurred,
(rP),, + 1, if no branch, (rP), + 1, if no branch would have
occurrdd,
c 0 0|n n|3 7|B[aaad] 0 *n n|3 7|B [Aaad]
1 | | 1.1 I 1 ] | I S |
B Cleared Cleared
#l-g-1

I1w37w5 9/1/57



OPERATIONAL CHAR/CTERISTICS OF THE DATATRON 220

Operation code: 40

Operation name: STORE A | Abbreviation: STA
STORE R STR
STORE B STB
Instruction format: Time (ps):
+12345678090 f = O
:!:lefv Olp aaaa fetch: 90

executet 95
total: 185

Definitions:
f = 1
*2 if + is odd, Beregister addresse=
modification will occurji otherwise, fetchs 90
there will be no such modification, executes 105
total:s 195
53 partial=word designator:

f = 0¢ s is not relevant.

f = 1t s designates the position
within the word, of the
low~order digit of each
partial=word operand,

Ls partial=word designator:

f = 01 L is not relevant,

f w 13 L specifies the number of
digits in each partiale
word operand,

f1 partial-word designator:

f = 0t entire words will be used
as operands,

f = 131 the contents of the partiale

word fields defined by sL will
be used as operands,

1Ie80w2 9/1/57%



THE COMPUTER

vi variation designator:

v = 0t STORE A will be executed,

v =1t STORE R will be executed,

v =21 STORE B will be executed,

Opt operation code,
aaaat address of base of location in

which the selected field will be
stored,

Desctiption of operation:

Summary:
Store the specified field of the designated register in the corresponding
field location in Bfaaad],

Flow charts

See page II~40-4,

I1=40=3 89/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of operation:

Flow chart:

Clear rE, riB.

(rC:04) = B[aaaa] —rE.

(B[2aad) ) —»rIB ‘ Nonwexistent-address
ALARM STOP,

v = 0 I v=1 I v =2 !
C (rA) - D (£R) —» 1D (1B) —» D304
(rA) 5= rIB (rR) —= rIB (rB) «» rIB:04

Clear rD:67
Clear rIB:67

v=_0 | vel v = 2
*
(rAtsL) —= rD:sL d) {rRisl.) —» rDisL (rBeisL)—w= rDisl N
(rAisL) —= rIBtsL (rR:sL) —» rIB:sL (rBisL) —= rIB:sL

Clear other digit
positions in zD,

(rIB) —~ B [daad] Fie 1d-over£ Jow
ALARM STOP

Operation complete,
* See Note 1, page II=40=5

**See Note 2, page II~40=5

I1«40~4 : 9/1/57



THE COMPUTER

Note 1, The B register is regarded as if it were 11 digits long as indicated:

£1234567890

0000000| B
11 et [

Note 2. As each digit is transferred from the designated register
to the D register, L (i.e., (rC:21)) is counted down. If, at the
start, L >s + 1, 8 # 0, then at the end of the transfer (rC:21) will
be different from zero and field overflow will be detected.

Exceptional conditions:

1. Non=existent=address ALARM STOP,

2, FEieldwoverflow ALARM STOP,

Remarks:

1, 'The STORE A variation will be executed if v # 1 or 2,

2. f = 2,4,6, or 8 has the same effect as f = 03 f = 3,5,7, or 9 has the same
effect as f = 1, '

11=40=5 9/1/5%7



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status:

Register Contents after execution Contents if non=existent=
name of all instructions address ALARM STOP occurs,
A Unchanged Unchanged
R " "
4
D (B[aaaa}), t|s,L flv ’0 aaaa
B Unchanged Unchanged
P (rP)y + 1 (rP)b + 1
C 0 Off{vi4 0|B[aaad] stv4OB@u§
1 | Lid 1 ! 41
B B [aaaa) B [aaaa]
Register Contents if fieldeoverflow
name ALARM STOP occurs,
A Unchanged
R "
D See flow chart,
B Unchanged
R (rP)y + 1
C 0 *x(flv|4 0 BEa.a.an
| I s 11
:| BEmaq
¥ Leg-1

11=40=6

9/1/57



THE DATA PROCESSOR
Examples:

1. (xC) = 0412 40 1000
(1000), = 0 1234 56 7890
(rB) = 1234
(rD), = 0 0000 00 1234
(1000), = 0 1234 56 1234

2. (¥C) = 0002 40 1000
(1000), = 0 1234 56 7890
(rB) = 1234
(rD}, = 0 0000 00 1234
(1000), = 0_0000 00 1234

3. (x0) = 8412 40 2000
(2000) = 0 1234 56_7890
(rB) = 2345
(xD), = 0 0000 00 2300
(2000)a = 0 1234 00 2390

4, (xC) z 5312 40 3000
(3000),, = 0 1234 56 7890
(rB) = 1357
(rD), = 0 0000 00 0000
(3000),, = 0 1200 06 7890

11-40-7

7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 41

Operation name: LOAD R Abbreviations LDR
Instruction format: Time (}JS)I

#1234567890 fetch: 90

executes 85
#|i i iiljOplaaaa totals 175
L 11 1 1ot

Definitions:

+3 if # is odd, Beregister address=

modification will occurj otherwise,
there will be no such modification,

iiiis not relevant to the execution of
this instruction,

Opt operation code,

aaaal address of base of location of
operand,

I1=41=2 9/1/57



THE COMPUTER

Description of operation:

Surmarys

Replace (rR) by (B(aaad}).

Flow chart:

( Clear rE, riIB.

(rC104) = B[aaaa] —»= rE,

(B |'_'aaao:[ ) = rIB, Non=existent=address
ALARM STOP,

C) (rIB) —» rR.

(rIB) —=1rD,

{ ) Operation complete,

Exceptional conditionss

1. Non=existentsaddress ALARM STOP,

Remarkss

I1-41-3

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status:

Register Contents after Contents if non-existent=
name execution of LR, address ALARM STOP occurs,
A Unchanged Unchanged
R (B[a2aa)) "

D (B [aaad}]) £ji i i i|4 1jaaaa
B Unchanged Unchanged
(rP)y + 1 (rP), + 1
c 1 113 1|4 1|B[aaaa] i i i i}4 1{B[aaaa]
.| i1l 111 i L1
E B[aaaa) B[aaad)
11=4 14 Y$/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: LOAD B

LOAD B, COMPLEMENT

Instruction format:

+1234567800

+ ilili v (%p aaaa

Definitions:
*3 if + is odd, Beregister address~
modification will occur; otherwise,
there will be no such modification,

iiis not relevant to the execution of
these instructions,

\ 4 variation designator:

v = 0t TOAD B will be executed,

v = 1t LOAD B, COMPLEMENT will
bhe executed,

Op: operation code,

aaaat address of base of location of
operand,

II=42=2

Operation codet

Abbreviation:

Time gys):

fetch: 90
executes _29
totalt 180

42
LDB

LBC

9/1/57



THE COMPUTER

Description of operationt

Summary:
v = 01 (B[aaaa) :04) replace (rB).

v = 13 the 10*s complement of (B[aaad]) replaces (zB).

Flow chart:
Clear rE,
(rC:04) = Bfaaad] ~1E,
(B[aaad)) —»-rIB, I Non-existent-address
ALARM STOP,
va0 vel
(LDB) | (LBC)
CB (rIB:04) —3=1rB Set subtract indicator,

(rIB304) — rD304

(rIB104) = adder - rB,
(thus loading complement),

(rIB:04) —»rD:04

(rIB267) —»1rD167

Operation complete.

Exceptional conditionss

1, Non=existent-address ALARM STOP,

11-42-3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Remarkss

1, The LOAD B variation will be executed if v ¢ 1,

l_tg_gister statuss

Register Contents after Contents after
name execution of LDB execution of LBC,
A Unchanged Unchanged
R " 1"

D (B [2aaa] ) (B [aaaa])
B (B [@aad] 104) 10's complement of (B [aaaa]104)
) (rP)b + 1 (rP)b + 1
c i iijol4 2|B[aard] i i i|1}4 2|B[asai]
1t i1 L ] L.l 1
B B(aaad) B[2aaf])
Register Contents if noneexistent=
nanme address ALARM STOP occurs,
A Unchanged
R "
D 4{i i i|lv|4 2la a a a
=t 11 . boa 1
B Unchanged
P (I'P)b + 1
c iiid|v|4 2|B[aaaa)
1.l i 1oy
E B[aaaa}

11=42=4 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation codes 43

Operation namet LOAD SIGN A Abbreviation: LSA
Instruction format: Time gps)z
+1234567890 fetchs 90
executes _135
+ i|i'i nfOp ililili total: 105
Definitions:
+3 if + is odd, Bwregister address«

modification will occur; otherwise,
there will be no such modification,

iiit  not relevant to the execution of this
iiifs dnstruction.

ng modifier for sign=digit position of
A register,

Op1 operation code,

T1=43-2 9/1/57
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Description of operations

Summary:

Replace the contents of the sign=digit position of the A register by n,
Flow chart:
Clear ri&, riIB.
(rC:41) —» rAzsl,

Uperation complete,

Exceptional conditionss NONE

Remarkss:

1, Although the addressefield is not used for addressing purposes, B-register

address~modification will occur if it is specified, No nonwexistent~address.
ALARM STOP can occur, however,

T1~43=3 9/1/57
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Register statusg

Register Contents after
name execution of LSA,
A (rAz#l) = n
(rA:OO)a = (rA:00)
R Unchanged
D * iiifn 413 illrlli
B Unchanged
P (rP)b + ]
C i i ijn|4 3|Bfiiii
L ! |[| J
E Cleared

11434 a/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 44

Operation namet STORE P Abbreviations STP
Instruction formats Time grs)a
+£1234567800 fetchs 20
execute:‘_gg
* 1|i‘i]i Opla aaa total: 18
Definitions:
+1 if + is odd, B-register address=-

nodification will occurj otherwise,
there will be no such modification,

iiiii1 not relevant to the execution of
this instruction,

Ops operation code,
aaaa: address of base of location
in which will be stored the

augmented content of the
P register,

11=44=2 9/1/5%
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Description of operation:

Summarys

(rP) + 1 —»B[aaaa) :04.

Flow chart:

Clear rE&, riIB.

(rC:04) = B{aaaa] —mrE,

(B Eaaai] ) e rIB, Non=existent=address
ALARM STOP,

(rP) + 1 -—a rIBR:04

(rP) + 1 —»-1D104
{riB167) —=1D167
(rIB) - B [aaaa]

Operation complete,

Exceptional conditions:

1, Non=existent-~address ALARM STOP,

Remarkss

I1=44=3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status:

Register Contents after Contents if non=existent~
name execution of STP, address ALARM STOP occurs,
A Unchanged Unchanged
R " "
D +|iiii|4 4/aaaa +]i i i i|44|laaaa
Pl { L 1 11 1 | [
B Unchanged Unchanged
(rP)y, + 1 (rP), + 1
b b
c i i4iil4 4|B[aaaa i iiif4 4|Blaaaa
11 1 rr:; ;] Ll | En n]
B B [aaad] B [aaaa]
11~44=4 9/1/57
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Operation code: 45

Operation name: CLEAR A Abbreviations: CLA
CLEAR R CLR
CLEAR B CLB
Instruction format: Time (Ps):
+1234567890 fetch: 90
execute: 10
t|idifvjop ilili|i total: 100
Definitions:
3] if & is odd, Beregister addresse

modification will occur} otherwise,
there will be no such modification,

iii, not relevant to the execution of
iiiis these instructions,

v variation designator: if
*
(rC:41)/1 = 1: CLEAR A will be executed;
and/or
(rC:41)/2 = 17 CLEAR R will be executed;

and/or

(rC:41)/4 = 17 CLEAR B will be executed.

Op: operation code.

* (rC:41)/1 is the one-bit of v;
(rC:41)/2 is the two-bit of v;
and (rC:41)/4 the four-bit of v.

I1=45«2 9/1/57
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Description of operation:

Summary:

v Clear register Abbreviation
0 None

1 A CLA
2 R CLR
3 A, R CAR
4 B CLB
3 A, B CAB
6 R, B CRB
7 A, R, B CLT
8 None

9 A —_—

Flow chart:

‘ ’Clear rE, rIB.

[

(rC:4l)/1=1| (rC:41)/2=1 I(rC:41)/4=1

Clear rA, (::) Clear rR,

Clear 1B,

(::) Operation complete,

Exceptional conditions: NONE,

II=45=-3

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Remarks:

1. If v=0 or if v = 8, no registers will be cleared: the effect is the same
as that of a NO OPERATION instruction,

2. Although the address field is not used for addressing purposes, Beregister
address-modification will occur if it is specified. No non=existen tmaddress ALARM
STOP can occur, however,.

Register status:

Register Contents after Contents after
name execution of CLA execution of CLR
A Cleared Unchanged
R Unchanged Cleared
D . 4|1 i ifl1|4 5]i ididi +(idid|2|4 5|ididd
[ i L1t ol NN 1 P 1.1
B Unchanged Unchanged
P (rP)y, + 1 (rP)y, + 1
C iiil45!3[iiiﬂ iiiz4SB[iiii
11 | | L1 ! fll|
E Cleared Cleared
Register Contents after
name execution of CLB
A Unchanged
R "
D +|i i i|4|4 5ji i i i
| | 1 i 11
B Cleared
c i i i|4|4 s{B[iiii]
|| I [ ol B
B Cleared

Notes if, for example, v = 6, then both rR and rB will be cleared, The status
of the other registers is as indicated,

I1=45=4
9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: CLEAR LOCATION

Instruction foruati

+1234567890

+1i 4 3 i 2
- | I:'l:L Olp alalal_

Definitions:
+*3 if * is odd, Beregister address~
modification will occuri otherwise,
there will be no such modification,

iiii: not relevant to the execution of
this instruction,

Opt operation code,

aaang address of base of location to
be cleared,

II=46e2

Operation codet

Abbreviations

Time ():s):

fetchs 90
executes _25
total: 115

46

CLL

9/1/57
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Description of operation:

Summarys

Clear the contents of location B Eaaaﬂ .

Flow chart:

Clear rE, riB.

(rC:04) = B[azaa] —mtE,

Clear B [aaaj], Nonmexistent=~address
ALARM STOP,

Operation complete,

Exceptional conditions: NONE

Remarks:

F1=46=3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

§g§ister statust

Register Contents af ter Contents if nonwexistentw
name execution of CLL address ALARM STOP occurs.
A Unchanged Unchanged
R ™" "
D +/iiiil46laaaa #li iiji|j46|laaaa
| | i [ L4 1 | L1 1
B Unchanged Unchanged
P (rP)b +1 (£P)y + 1
c i i4iil4 6/Blaaaa iiii|4 6/{B[aaaa
i L 1L| 1] 1.t 1 JE1 xJ
B B [aaaa) B {aaaal

Tleeft =4

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 48

Operation name: SHIFT RIGHT A Abbreviations SRA
SHIFT RIGHT A AND R SRT
SHIFT RIGHT A WITH SIGN SRS

Time (ys):
Instruction format:

fetch: 90
+£12345678090 execute: 20 + 5 per digit
- total: 110 + 5 per digit

#li i ijv] Opli ijn n
1 11 lpll

Definitions:

#: if + is odd, Beregister addresse
modification will occurj otherwise,
there will be no such modification,

iii, not relevant to the execution of
ii: these instructions,

Vi variation designator:

v = 0 SHIPRT RIGHT A will be
executed,

v = 13 SHIFT RIGHT A AND R will
be executed.

v = 23 SHIFT RIGHT A WITH SIGN
will be executed,

nn: specifies the number of digit
positions (00 to 19) through
which the operand will be shif ted,

11e88m2 9/1/57



THE COMPUTER

Description of operation:

Summary:

v = 0O0: SHIFT RIGHT A will be executed,

The contents of the A register, excluding the contents of the sign=
digit position, are shifted to the right through the number of digit p?SithﬂS
specified by nn, Digits shifted out of the low=order end of.the A reg1§ter are
lost; as each digit is shifted out of the A register, a "0" is entered into digit=
position 1 in the A register,

v = 1: SHIFT RIGHT A AND R will be executed,

The contents of the A and R registers, excluding the contents of the

sign=digit positions of both registers, but regarded as one twentywdigit-long
number, are shifted to the right through the number of digit positions specified
by nn, Digits shifted out of the low=order end of the R register are lost; as
each digit is shifted out of the R register, a "0" is entered into digit-position
1 in the A register,

Although the contents of the sign-digit position of neither register
is shifted during the execution of this instruction, the contents of the sign=
digit position of the R register are replaced by the contents of the sign=digit
position of the A register; the sign digit of the A register is not altered,

v = 2: SHIFT RIGHT A WITH SIGN

. The contgnts of the A register, including the contents of the sign-
digit position, are shifted to the right through the number of digit positions
specified by nn, Digits shifted out of the low~order end of the A register are

lostt as each digit is shifted out of the A register, a "o» jg entered into the
sign=digit position of the A register,

Flow chart:

See page II=48=4,

I1~48~3 8/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of operation:

(rA: £ 1)—> rR: £ 1, ( (rA:91) — rA:01
(rA:81) —> rA:9
N

(rA:11)—> riA:2l
ol (rA:f1) — rA:ld
mes

‘ Clear rA: 1,

Flow chart:
Clear rE, riIB.
Set shift counter to N *.
v=0 v=1 v =2
(SRA) (SRT) (SRS) |
E—
O (ra1) —> raic (
h:91) —» rR:01
(rA181) —» rA:91 (rR:81) — rR:91
(rA:21) = ra:3} (
: rR:21) —» rR13l
(rAsl) —> rA:2l E,.a,_ng — rR:21
rA:01) — rR:11
t}:' Clear ri:ll (rA:91) —> rA:01
nies (rat81) — ra:91
l N (rA121) —> rA:3l
timas (rA:s11) —> rh:2l

L

Clear rA:ll

(5 Operation complete,

M is the least non-negative remainder obtained on dividing nn by 20.

T1-48-L

9/1/57
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Exceptional conditions: NONE,

Remarkss
1, The SHIFT RIGHT A variation will be executed if v « 1 or 2,

2. Although the address field is not used for addressing purposes, B=register
address=modification will occur if it is specified, No nonwexistent-address
ALARM STOP can occur, however,

3. The number of digit positions through which the contents of the register(s)
will be shifted is always less than or equal to 19, regardless of the value of
nn, The number, N , of digit positions actually shifted is the least non-negative
remainder obtained on dividing nn by 20,

11=48u5 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status:

Register Contents after Contents after

name execution of SRA, execution of SRT.

A (rA:#1) is unchanged (rA:+l) is unchanged
(rA:00) shifted as (rA:00) shifted as specified
specified

R Unchanged (rR:#1), = (rA1tl)y

(rR:00)p, shifted as specified.

D +]i i i]o|4 8|i iln n #/i i i}1|4 8|i i|jn n

L1 1 [ 1 11 i L L

B Unchanged Unchanged

P (rP)y, + 1 (tP)y + 1

c i i i|oj4 8|B[iinn] i iifl1]4 s|B[iinn)

{4 | | Lt i 11 i

B Cleared Cleared

Register Contents after
name execution of SRS,

A (rA), shifted as specified.

R Unchanged

D 1i|i|124'8 il:i. nn

B Unchanged

P (tP)b + 1

c i i i|2|4 8 B[iinn]

| ] |
B Cleared
II=48=6 9/1/57



OPERATICONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: SHIFT LEFT A

SHIFT LEFT A AND R

SHIFT LEFT A WITH SIGN

Instruction format:

+1234567829320

E

i

iidijv|{Opli ijn n

L

| i i

Definitions:

+.

-

iii,
ii:

Cp:

nn;

if * is odd, B-register address-
modification will occur; otherwise,
there will be no such modification.

not relevant to the execution of
these instructions,

variation designator:

v = 0: SHIFT LEFT A will be
executed,

v = 1: SHIFT LEFT A AND R will
be executed.

SHIFT LEFT A WITH SIGN
will be executed.

<
I
N

cperation code
specifies the number of digit

positions through which the
operand will be shifted.

11-49-2

Operation code: 49

Abbreviation: SLA
SLT
SLS
Time (pus):
SLA, SLS:
fetch: a0 *
execute: 70 - 5N1
total: 160 - BNI
SLT:
fetch: 90 *
execute: 120 - 5N2
total: 210 - 5N,

*See Remarks 3 and 4.

7/1/58
Replaces 9/1/57



THE DATA PROCESSOR

Description of operation:

Summary:

v = 0: SHIFT LEFT A will be executed.

The contents of the A register, excluding the content of
the sign digit position, are shifted to the left through the
number of digit positions specified by nn., This is a circu-
lating shift, that is, as each digit is shifted out of digit
position 1 in the A register it is entered into the low-order
digit positon of the A register.

v = 1: SHIFT LEFT A AND R will be executed,.

The contents of the A and R registers, excluding the
contents of the sign digit positions of both registers, but
regarded as one twenty-digit-long number, are shifted to the
left through the number of digit positions specified by nn.
This is a circulating shift, that is, as each digit is shifted
out of digit position 1 in the A register it is entered into
the low-order digit position in the R register.

Although the contents of the sign-digit position of
neither register is shifted during the execution of this
instruction, the content of the sign digit position of the
A register is replaced by the content of the sign digit
position of the R register; the sign digit of the R register
is not altered.

v = 2: SHIFT LEFT A WITH SIGN will be executed:

The contents of the A register, including the content
of the sign digit position, are shifted to the left through
the number of digit positions specified by nn. This is a
circulating shift, that is, as each digit is shifted out of
the sign digit position in the A register it is entered into
the low-order digit position in the A register.

Flow chart:

See page I1I-49- .,

Exceptional conditions: NONE

7/1/58
11-49-3 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Remarks:

1. The SHIFT LEFT A variation will be selected for execution
if v#1or 2,

2. Although the address field is not used for addressing
purposes, B-register address-modification will occur if it is
specified, No non-existent-address ALARM STOP can occur, however.

3. The Data Processor is capable only of shifting the contents
of the A and R registers to the right. 1In order to shift to the
left, therefore, it is necessary for the machine to simulate left
shifts by executing circulating right shifts, This is of no other
importance to the programmer/coder than that he knows how to
determine execution times: for all practical purposes, if the
instruction is SLS 0003, the contents of the A register will be
shifted and circulated three places to the left, In this particular
case, as will be explained below, the number of digit positions
through which the contents of the A register is shifted is eight,
of which only seven enter into timing considerations., Examination
of the flow chart may help to make clearer the description below.

The counter which determines how many digit positions are to
be shifted is called the Digit Counter. The Digit Counter is
capable of counting only to 20. Thus, for example, if the Digit
Counter is set to 13, only seven pulses will be provided to
accomplish shifting, one pulse each time the contents of the
specified register(s) are shifted to the right. When the Digit
Counter reaches 20, no more pulses are provided.

Suppose now that the instruction is SLA 00nn. The Data Processor
first determines N;, where Ny = nn, modulo 10 (that is, Nj is ihe

least non-negative remainder obtained on dividing nn by 10). The
Digit Counter is then set to 10 + Ny. Hence, the number of digit
positions actually shifted is 20 - %10 + Nl) = 10 - Nl‘

Example 1. SLA 0003. N; = 3. The Digit Counter is set to

13. The contents of rA:00 will be shifted left, and circulated,
three places by shifting right, and circulating, seven places.

Digit

Counter (ra)
13 + 1234 56 7820
14 £ 0123 45 6789
15 + 9012 34 5878
16 + 8901 23 4567
17 + 7890 12 3456
18 + 6789 01 2345
19 T 5678 90 1234
20 £ 4567 89 0123

7/1/68
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Example 2., SLA 0049. N1 = 9, The Digit Counter is set to

19. The contents of rA:00 will be shifted left and circulated
nine places by shifting right, and circulating, one place.

Digit

Counter (ra) ~
19 + 1234 56 7890
20 + 0123 45 6789

Suppose the instruction is SLS O0Onn.

As in the case of SLA,
N, is determined.

Also, because the operation is SLS, the Data

Processor automatically shifts and circulates the contents of the
A register one place to the right while it is determining Nl' The

Digit Counter is set to 10 + N;, so that the number of additional

shifts is 20 - (10 + N;) = 10 - N;. 1In this way the proper kind
of modulo-1ll shift is achieved.

Example 3. SLS 0007. N1 = 7. The Digit Counter is set to
17,
Digit

Counter (ra)

Original + 1234 56 7890
17 0 £123 45 6789
18 9 012 34 5678
18 8 90Xl 23 4567
20 7 890 12 3456

Because the SHIFT LEFT A AND R instruction handles sets of
20 digits, it provides a modulo-20 shift. The Data Processor
first determines N,, where N, = nn, modulo 20. The Digit Counter
is then set to N,, so that the number of digit positions actually
shifted is 20 - No.

Example 4, SLT 0018. N2 = 18,
Digit
Couiter (ra) (rR)
18 + 1234 56 7390 A BCDE FG HIJK
19 A K123 45 6789 A OBCD EF GHIJ
20 A JK12 34 5678 A 90BC DE FGHI

7/1/58
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4. The table below summarizes the times required to execute
Fetch time is included. As is

the various shifting instructions,

noted in the headings,

SLA, SLS: t
SLT: t

N, and Nz were defined

the entries in the table were computed
using the following formulas:

i

160 - 5N;
210 - 5N

2

in Remark 3

»

Time (us)
nn SLA, SLS SLT
{160 -~ 5N1) (210 - 5N2)
00 160 210
01 155 205
02 150 200
03 145 195
04 140 190
05 135 185
06 130 180
07 125 175
08 120 170
Q9 115 165
10 160 160
11 155
12 150
13 145
14 140
15 135
16 130
17 125
18 120
19 115
IT-49-6
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Register status:

Register Contents after Contents after
name execution of SLA. execution of SLT.
o = -+ .+ = .+
A (rA._l)a (rA._.l)b (rA._.l)a (rR._,l)b
(rA:00) shifted as (rA:00, rR:00) shifted
specified, as specified.

R Unchanged (rR:1) = (rR:il)b
(rA:00, rR:00) shifted
as specified.

D li iiif0f{4 9ii ilnn (i i i|1{4 941 ijn n

, L i ] | | L1 i ] |

B Unchanged Unchanged

P (rP), + 1 (rP),, + 1

b b
]
C iiiO4QB[ii;nn i ii|1{4 9|Bliinn]
1 I [ il I Lodod
E Cleared Cleared
Register Contents after
name execution of SLS,

A (rA) shifted as specified.

R Unchanged

D +ii i il2]|4 9/i i|{n n

L1 1 i I

B Unchanged

P (rP)b+ 1

l
C iii|2]4 9iB[iinn]
t

| ]

Cleared

I11-49-7
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Description of operation:

Flow chart:

Clear »E, riIB,

SLA

SLT | SLS

A

I11-495-9

to N

II-49-9

C) Set Digit Counter

2.
C) (rR:t1) - (ra:xl)
C) (rA:11) - rA:21
(rA:21) <+ rA:31
(rA:91) - rA:01
(rA:01) » ri:11
(rR:11) » rR:21
(rR:91) > rR:01
{rR:01) - rA:11l
Digit
Counter
# 20
Operation
complete
I11-49..8

i

/1/58
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Flow chart (continued):

®
I1-49-8

®

I1-49-8

C) Set Digit Counter C) Set Digit Counter
to 10 Nl' to 10 + Nl'

C) (rA:11) »> ra:21 (rA:x1) - rA:11
(rA:21) »> ra:31 (rA:11) - ra:21
(rA:91) = rA:01 (rA:91) - rA:01
(rA:01) = raA:11 (rA:01) - raA:+1
Digit

Counter (:) (rA:*1) - ra:11
£ 20 (rA:11) - ra:21
Operation :
complete (ra:91) - ra:01
(rA:01) - rA:*l
Digit
Counter
# 20
Operation
complete

I1-49-9 7/1/58



THE CONTROL CONSOLE

Introduction

The control console of the DATATRON 220 Electronic Data-
Processing Systen is the control center for the system. By means
of neon lamps, indicators, push-button indicators, and organ
switches, the status of the System is indicated, and supervisory

control over its operation is provided.

The control console is divided into three parts, of which only
the central section is of concern to the system operator and/or
programmer. The two side panels, mounted behind doors which nor-

mally are closed, are for the maintenance or test engineer.

This volume is not concerned with operating procedures and
techniques., The reader is referred to the Handbook of Operating
Procedures for the DATATRON 220 for such information. Our con-
cern in this section is with three items: the ten PROGRAM CONTROL

SWITCHES, the numeric keyboard, and the supervisory printer.

PROGRAM CONTROL SWITCHES

The control console is equipped with ten clear-plastic organ
switches. Each switch has a light behind it: the light is on
when the switch is on. The status of a switch may be interrogated
by the BRANCH CONTROL SWITCH instruction. Although more than one
switch may be on at any one time, only one switch may be interro-

gated with any one instruction,

I11-Intro-1 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Flexible manual-control facilities are provided by these

switches.

The Keyboard

A numeric keyboard is an integral part of the control console.
This keyboard may be activated under program control by use of the

KEYBOARD ADD instruction (which see, Page III-08-2),

When the computer is not in RUN status the keyboard may be

activated by depressing the KEYBOARD switch,

The Supervisory Printer

Associated with the control console is a character-at-a-time
alphanumeric printer. The printer, operating at a rate of 10 char-
acters per second, is capable of printing both numeric and alphabetic

information.

Controls are provided to suppress the printing of high-order
zeros as well as the translation of words specified as alphanumeric
(an alphanumeric word is signaled by the presence of a 2 in the

sign-digit position).

The following format controls are provided:
1., The right-hand margin may be set where required to
provide an automatic carriage return. Carriage return always

includes a single line feed.

III-Intro-2 9/1/57
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2, A three-position switch permits the choice of
"space," "tab," or "carriage return" action when the end-of-
word is sensed.

3. Vertical form-control is provided so that fan-fold
paper can feed past the tear line to a predetermined position
or positions. These vertical tabs may be set at 2.75-, 35.5-,
%.25-, and ll-inch intervals.

The Supervisory Printer can print all the decimal digits and
alphabetic characters; in addition, the following characters can
be printed: -, $, &, *, W, ., *, /, #, %, @, and "space." The
computer codes for these characters are shown in Appendix A3.

The Supervisory Printer is the same printer described in
Section V, The Paper-Tape System.

The Interval Timer

Attached to the Control Console is a five-digit-position
counter which can count to 9999.9 seconds by tenths of a second.
The counter may be reset manually to zero.

The Interval Timer is connected, electrically, to the RUN

Indicator: when the RUN Indicator is "on," the timer will count.

10/18/57
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: KEYBOARD ADD

Instruction format:

21234567890

1

*ii ili Op i|ili[i

iR

Definitions:

*t

iidis

Ops

if + is odd, B~register address~
modification will occur; otherwise,
there will be no such modification,

not relevant to the execution of
this instruction,

operation code,

IT1~08=2

Operation codet

Abbreviation:

Time ()xs):

fetch:

90

execute: manual

total:

manuaI

08

KAD

9/1/57
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Description of operation:

Summarys

The D register is cleared, following which the computer waits,
prepared to accept information entered on the console keyboard. Each
digit selected on the keyboard enters the low-order digit position
of the D register, shifting the previous contents, including the
contents of the sign-digit position, one place to the left; digits
shifted out of the sign-digit position are lost. When the ADD key
on the keyboard is depressed, the sum of the contents of the A register
and the D register is generated. This sum replaces the contents of
the A register.

Automatic control is resumed when the ADD key is depressed,.

Blow chart:

See page III«08=4,

Exceptional conditions: NONE,

Remarkss

1. Although the address=field is not used for addressing purposes, B«register
address=modification will occur if it is specified. No non-existent~address
ALARM STOP can occur, however,

2. .The gxecution Qf this instruction can cause arithmetic over-
flow, in which case the OVERFLOW Indicator is set 'on."

3, If (rA) + (rD) = O, the sign of this result is the sign that was in the
A register before execution,

I11=08=3 9/1/57.
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Description of operation:

BRlow chart:

s

Clear rE, rlIB.

Set A sign-indicator equal
to (rA:fl)/1.

Clear rD and rA:+l,

Keyboard entry - 1D,
(Wait for ADD pulse.)

Set D sign-indicator equal
to (rD:%1)/1.

Clear rDitl,
Adjust result sign~indicator,

Adjust subtract indicator.

(rA) + (D) —=rA

Adjust OVERFLOW Indicator

Set (rA:*1)/1 to sign of
result,

Restore (rD:x1)/1.

Operation complete,

1IT=08«4 9/1/57
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Register status:

Register Contents af ter
name execution of KAD,
A (rA)p + number keyed into D
R Unchanged
D number keyed in
B Unchanged
P (r?)b+1
C iiiilossfiiii]
Lt ] L1
E Cleared

III=08~5
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 09

Operation name: SUPERVISORY PRINT-QUT Abbreviation: SPO
Instruction format: Time (us):
+12345678090 fetch: 90
execute: printer speed
Tldin n|v|(Cpla a a a total: printer speed
1 i N TR I |
Definitions:
*: if * is odd, B-register address-
modification will occur; otherwise
there will be no such modification,
d: v = 0: d is not relevant tc the
execution of this instruc-
tion.
v = 1: d specifies the number of
digit positions to the
right of a decimal point
provided by the Data
Processor. d = 0 means 10,
nn: specifies the number of words to
be printed. nn = 00 means 100,
v: variation designator:
v = 1: the Data Processor will
insert a decimal point in
the place specified by d.
v = 0: no decimal point insertion.
Op: operation code,
aaaa: address of base of location of first
word to be printed.
7/1/58
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Description of operation:

Summarz:

Print, on the Supervisory Printer, nn words from
consecutively addressed locations, beginning with
(B[aaaal]). The next word is taken from Blaaaa] + 1.
And so forth,

If v = 1, d specifies the number of digit positions
to the right of a Data-Processor~inserted decimal point.

The abilities to control zero suppression and/or to
print the contents of a location exactly as a word
appears in core storage--for example, to prevent the
translation of an alphanumeric word--are controlled by
four switches, two of them on the Control Console, and
two of them on the Supervisory Printer. The function
of these switches is described below (see Remark 2),

Flow chart:

See page 11I-09-10,

Exceptional conditions:

1, Non-existent-address ALARM STOP,
2. Input-output ALARM STOP,.

3. Not-ready ALARM STOP,

Remarks:
1. v # 1 has the same effect as v = 0,
2., There are four two-position switches which govern the
form of output, two of them on the left-hand maintenance panel
of the Contrel Console, and two of them on the Supervisory Printer:
A. On the Control Console

1. HOLD PZT TC ZERO
2. PUNCH SUPPRESS--LEADING ZEROS

B. On the Supervisory Printer

1. MAP MEMORY--NORMAL
2. ZERO SUPPRESS--NCRMAL

7/1/58
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Normally the two switches on the Control Console are used
by the maintenance engineer, but because the system operator does
have access to them, it is worth describing the effects they can
produce. It will be convenient to describe the effects produced
by these switches separately from the effects produced by the
switches on the Supervisory Printer. What we are concerned with
is the following:

A, There are four switch-position combinations of
the HOLD PZT TO ZERO and PUNCH SUPPRESS-~LEADING ZEROS
switches. We need to know the effect of each combina-
tion on output from the Data Processor. This "regulated
output" will be regarded as input to the Supervisory
Printer for, in fact, that is what it is.

B. There are four switch-position combinations of
the MAP MEMORY--NORMAL and ZERO SUPPRESS-~NORMAL switches
We need to know the effect of each combination on input
to the Supervisory Printer.

In what follows it will be convenient to use the following
abbreviations:

. "PZT = 1" means "HOLD PZT TO ZERO is on".

. "PZT = 0" means "HOLD PZT TO ZERO is off',

. "PSLZ = 1" means "PUNCH SUPPRESS~--LEADING ZEROS
is on".
"PSLZ = 0" means '"PUNCH SUPPRESS-~~-LEADING ZEROS
is off",

., "MM = 1" means "MAP MEMORY-~NORMAL is in MAP
MEMORY position'.

. "MM = 0" means "MAP MEMORY--NORMAL is in NORMAL
position",

. "ZS = 1" means "ZERO SUPPRESS-~-NORMAL is in
ZERO BUPPRESS position".

. "ZS = 0" means "ZERQ SUPPRESS--NORMAL is in
NORMAL position".

== R > U - = B o R e v e

In the examples which will be cited below, it will be assumed
that the SPO instruction calls for a word from the location whose
address is L.

It should be noted that the normal setting of the switches on
the Control Console is PZT = 0 and PSLZ = O, If the reader wishes
to do so, therefore, he may examine only Cases 4, 5, 6 and 7 below.

Case 1. PZT = 1 and PSLZ = 1,

A, If (L;xl) = 2--which flags (L) as an alphanumeric word-
the word will not be recognized and hence not translated as an
alphanumeric word because PZT = 1. The regulated output is an
ll-digit (numeric) word whose sign digit is 2.

7/1/58
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B, Because PSLZ = 1, the specification of decimal point in-
sertion by the SPO instruction will be overridden: no decimal
point will be emitted by the Data Processor. If (L:Xl) = 0, and

1. If (L:00) = 0000 00 0000, the regulated output is
00eow, where "eow'" means "end-of-word" symbol. The leftmost

0 is the sign digit of L. The rightmost 0 is a substitute
for (L:00); or

2. If (L:kl) # 0, X # 0; and if (L:j1) =0, j = 1,
2, ..., k - 1; then the regulated output is 0 (for (L: +l))

followed by (L k1) followed by the remaining digits of
the word. An eow symbol terminates the regulated output.

Example 1, (L) = 0 0041 42 4344, (L:jl) =0 for j = 1, 2.
(L:k1) # 0 for k = 3. The regulated output
is 041424344eo0w.

C. Hence, if (L:*1) # 0, the regulated output is (L).

Case 2. PIZT = 1 and PSLZ = 0,
A, Same as Case 1, A.
B, Because PSLZ = 0, the code for a decimal point will be

emitted by the Data Processor if it is specified by the SPC
instruction (v = 1), There will be no suppression of 0's,

Example 2, (L) = 0 0041 42 4344, v = 1, d = 3. The
regulated output is 00041424,344eow.
Example 3. (L) = 2 0041 42 4344, v = 1, d = 4, The
regulated output is 2004142, 4344eow
Case 3. PIZIT = 0 and PSLZ = 1,
A. Because PZT = 0, if (L:%l1) = 2, the word will be recog-

nized and translated as an alphanumeric word.

Example 4. (L) = 2 0041 42 4344. The regulated output is
2spABCDeow, where '"sp" means '"'space".

B, BSame as Case 1, B, (See also Example 1.)

IT1-09-5 7/1/58
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Example 5. (L) = 1 0041 42 4344. ‘The regulated output is
10041424344eow.

Example 6. (L) = 3 0041 42 4344, The regulated output is
30041424344eo0w.
Case 4. PZT = 0 and PSLZ = O,
A, Same as Case 3, A,
B. Same as Case 2, B.

1l and d = 3 in the SPO

In Examples 7 through 11, let v
instruction.

Example 7. (L) = 0 0041 42 4344. The regulated output is
00041424 .344eo0w.

Example 8. (L) = 1 0041 42 4344, The regulated output is
10041424 ,344eo0w.

Example 9. (L) = 2 0041 42 4344, The regulated output is
2spABCDeow,

Example 10. (L) = 3 0041 42 4344, The regulated output is
30041424 ,344eo0w.

Example 11. (L) = 0 0000 00 0000, The regulated output is
00000000 .000e0w.

Now we need to consider what happens to the regulated output
from the Data Processor. From the point of view of the Supervisory
Printer, regulated output from the Data Processor is input to the
Supervisory Printer. In what follows the word "input" refers to
such regulated output; the word "output'" means "what is printed
by the Supervisory Printer.,"

First, recall that the Supervisory Printer is equipped with
a three-position FORMAT switch. The position of the switch
determines what action will be caused when an end-of-word symbol
is recognized: TAB, SPACE, or CARRIAGE RETURN,
Case 6. MM = 1,
A, If MM = 1, it does not matter whether ZS8 = 1 or Z5 = 0,
B, Print the regulated output exactly as it is presented for

input. The eow symbol causes the action specified by the position
of the FORMAT switch,

I11-09-6 7/1/58
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(See Examples 7 through 11 for what has been described as
normal regulated output, that is, regulated output when HOLD PZT
TO ZERO and PUNCH SUPPRESS--LEADING ZEROS switches are both off.)

Case 6, MM = 0 and Z8 = 0.

A, If the sign digit of the input word is odd, a - (minus)
will be printed in place of the sign digit. Then all the remaining
digits of the input word are printed, and eow action occurs,

Example 12, v = 0, The input word is 30041424344eow. The
output is -0041424344, followed by eow action.

Example 13. v =1, d = 3, The input word is 10041424,344eow.
The output is -0041424 ,344, fcllowed by eow
action.

B, If the sign digit of the input word is 2, this signals
the Supervisory Printer that the word is alphanumeric. The 2 is
not printed nor is any character--e.,g., space--substituted for it.
The remaining characters--if PZT = O--or digits--if PZT = l--are
printed just as they are presented. There is no eow action,
because the word is flagged as alphanumeric,

Example 14, The input word is 20041424344eow. The output is
0041424344,

Example 15, The input word is 2spABCDeow. The output is
SpABCD,

C. If the sign digit of the input word is even, but # 2, a
"space'" is "printed" in place of the sign digit. Then all the
remaining digits of the input word are printed and eocw action
occurs,

Fxample 16, The input word is 40041424344eow. The output is
sp0041424344, followed by eow action,

Case 7. MM = 0 and 25 = 1.

A. Suppress all leading 0's, including sign, in the input
word. Spaces are substituted for suppressed 0's. Print the
remaining part of the input word, beginning with the first non-
zero digit, Eow action occurs.

II1-09-7 7/1/58
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Example 17. The input word is 00041424344eow. The output is
spspsp41424344, followed by eow action,

Example 18, v = 0, d = 9. The input word is 00.041424344eow.
The output is spsp.041424344, followed by eow
action,

B, Same as Case 6, B. (See also Examples 14 and 15.)

C., 1If the sign digit of the input word is even, but # 0 or
2, a "space" is "printed" in place of the sign digit. Because
the sign digit is different from 0, it is recognized as such for
control of zero suppression., The remainder of the input word is
printed as it is presented. Eow action occurs.

Example 19. The input word is 40041424344eow. The output
is sp0041424344, followed by eow action,

I111-09-8 7/1/58
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Register status:

Register | contents after
name execution of SPO,
A Unchanged
R Unchanged
D (B[aaaa] + nn - 1)*
B Unchanged
P (rP)b + 1
C d|0 0|v|0 9|B[aaaa] + nn - 1*
i ] 1
E Blaaaa] + nn - 1%
Register Contents if non-existent-
name address ALARM STOP occurs.
A Unchanged
R Unchanged
D Last word printed
B Unchanged
P (I‘p)b + 1
C dl®x *[v]0 g|* * * *
{ I L1 1

¥ 3k %k 3k

]

*If nn = 00, B[aaaa] + nn = Blaaaal + 100,
**See flow chart.

***¥*¥srddress of location causing ALARM STOP,

i11-09-9 7/1/58
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Description of operation:

Flow chart:

®
I11-09-10

Clear rE, riIB,

(rC:04) > rE,
(rC:32) = 1 » rC:32.

Non-~existent- |
address I ((rE)) -» riIB.
ALARM STOP
C) (rIB) - rD.
(rD:;x1) # 2 {(rD:x1) = 2
(: Set up for alpha-
numeric translation,
Print word
(rC:32) = 00 (rC:32) # 00

(rc:04) + 1 » rC:04,

IT1-09-10

Operation
complete
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Operation code: 38

Operation name:s BRANCH, CONTROL SWITCH Abbreviation: BCS
Instruction format: Time ﬁys):
+1234567800 No branchs
t|uli i ijOpja a aa fetchs 90
; ] i1 1
execute: 15
totaly 105
Definitions:
- '. Branch:
£ 3] if * is odd, B=register address=
modification will occury otherwise, fetchs 90
there witl be no such modification, executes 35

total: 125
us designates PROGRAM CONTROL SWITCH

to be tested.

iii3 not relevant to the execution of
this instruction,

Op1 operation code,

aaaat address of base of location of
alternate instruction,

I11-38-2 9/1/57
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Description of operation:

Summary:

If PROGRAM CONTROL SWITCH u is '"on,'" branch to location B{aaaa],
i.e., prepare to take the next instruction from Blaaaa]. If SWITCH u
is "off," control continues in sequence.

Flow chart:

(:) Clear rE, riIB,

PROGRAM CONTROL PROGRAM CONTROL
SWITCH u is "on," SWITCH u is "off."

(xC:04) = Bfaaad] —»rP

Operation complete,

Exceptional conditions: NONE

Remarkss

I11-28-3 9/1/57
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Register status:

Register Contents after
name execution of BCS.
A Unchanged
R "
D +Juldi i i|3 8laaaa
- || i [N
B Unchanged
P B[aaaa] , if SWITCH u is "on,"
(1:'P)b + 1, if SWITCH u is "off."
c uli i i|3 8[B[a2ad]
1 | | L1
E Cleared

I11=38=4 9/1/57
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THE MAGNETIC-TAPE SYSTEM

Introduction

Auxiliary-storage capacity is provided through the medium of
magnetic tape. The components of the magnetic-tape system are a
Magnetic-Tape Control Unit, a Magnetic-Tape Storage Unit, and a
Datafile.

Magnetic tape is '"edited" prior to its initial use to insure
a flawless writing medium. It may‘be re~edited at any time if that
is desired.

Additional protection of information recorded on magnetic tape

Eile Proteck Brna
WALt !

is afforded by the use of a it is possible to write

or edit oniy on reels -- used by the tape storage unit -- which are
equipped with a Emiiézfﬁiﬁgfh On the Datafile there is a "write
lever"” for each piece of tape; writing can occur only when the lever
is in the write position.

Information is recorded on tape in blocks whose lengths may
vary from ten to one hundred words; no two adjacent blocks need to
be the same length. From one to ten blocks may be written or read
with one instruction.

The first data word of a block is regarded as its address. It
is possible to search1 for a block with a given address. Once in-
itiated, the searching operation is carried out independently of

Computer control.

1 By "searching'" is meant the ability to locate in the tape file a
specified block without the necessity of passing a substantial
part of the "file" -- i.e., the blocks which are written on
tape -- or alil of it through the Computer in order to identify
the desired block. The search operation will be defined more
explicitly in context below.

IV Intro-1 9/1/57
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Any one of the first ten words may identify a category. It is
possible to '"scan' for blocks belonging to a specified category.
Once initiated, the scanning operation is carried out independently
of the Computer,

(Search and scan are executed in distinct and different manners.
The nature of the execution of each will be described in detail be~
low,)

Information is transferred between the Computer and magnetic

tape at a nominal rate of 25,000 digits per second,

The Magnetic-Tape Storage Unit

The Magnetic-Tape Storage Unit handles reels of magnetic tape,
each reel containing up to 3500 feet of tape; the reels are 10 1/2
inches in diameter. Although the number of tape storage units in a
system cannot exceed ten, the number of reels of tape which can be
used is limited only by the magnitude of the task to be accomplished.

Recording on magnetic tape is accomplished by a read-write
mechanism (called the "read~write head'" or the "head'") over which
tape is moved as it is wound on or unwound from the feed and take-
up reels. Actually, there are two heads on each unit, fixed in posi-
tion with respect to each other, to permit the recording of two
parallel lanes of information on each piece of tape. The lanes are
distinguished as the "even" and "odd'" lanes, or lanes 0 and 1,

respectively,
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The tape drive mechanism is capable of moving tape in either
of two directions, from feed reel to take-up reel-~-the "forward"
direction--~or from take-up reel to feed reel---the '"backward" direc-
tion. The direction in which tape will be moved is a function of
the operation being performed; it will be specified as each opera-

tion is described.

The Datafile

The Datafile unit holds fifty lengths of magnetic tape, each
250 feet in length, and each hanging freely in its own static-free
bin, The bins are parallel to each other, so that the tapes are
parallel to one another along their lengths,

Recording on any tape in a Datafile is identical with recording
on a tape storage unit. The head mechanism, however, is on a
traverse rod on which it is free to move: under program control
the head may be positioned to perform a specified operation on any
particular one of the 100 lanes in a unit. Each lane in a Datafile
is distinguished uniquely by a two-digit number, in order, from 00
through 99, 1If we consider the tapes as numbered from 1 through
50, in order, from left to right, then tape number k contains lanes
number 2k ~ 2 and 2k - 1,

Logically, the Datafile and tape storage units are indistinguish-
able to the Magnetic~Tape Control Unit. For this reason, in the
description which follows the text will not distinguish between the
units unless some characteristic--~capacity, for example---requires

mention of the difference,
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Tape Format

Magnetic tape used in a DATATRON 220 system has provision for
recording two lanes of information, parallel to one another, along
the length of each tape. In each lane six chgnnels are recorded:
channels one through four are used to record decimal-digital infor-
mation in the 8, 4, 2, 1 ~ binary-code; channel five is used to pro-
‘vide an odd-parity bit; and channel six is used for control purposes,

In each lane the recording density is approximately 208 digits
per linear inch of tape. Tape is transported at the rate of 120
inches per second, The nominal transfer rate, therefore, is approxi-
mately 25,000 digits per second.

The physical beginning and end of a piece of tape are marked
by reflective strips. The reflective strip is a piece of pressure-
sensitive tape which is affixed manually near each end of the tape.
It is not possible to drive tape past these reflective strips,.

The magnetic beginning-of-tape and end-of-tape are recorded
during the editing process. During the editing process magnetic
beginning-of-tape is overwritten by flaw markers to insure that in-
formation cannot be recorded too near the physical beginning of the
tape. The magnetic end-of-tape area is sufficiently long to permit
both the completion of any (initial) writing operation in progress
when it is encountered as well as the (initial) writing of neces~
sary end-of-tape control blocks before physical end-of-tape is en-

countered.
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A block (of information) on magnetic tape is defined as the
information which is recorded between two inter-block gaps (except
for the last block, which is followed by blankl tape in case all of
the tape is not used, or by the magnetic end-of-tape). Associated
with each block is a "preface word." The preface word contains the
two~digit preface which specifies how many words are contained in
the block with which the preface is associated. The manner of read-
ing or writing the preface will be described below.

The minimum block size is ten words; the maximum block size is
100 words, An attempt to write a block of information whose length
is less than ten words will result in an improper-block-length
ALARM STOP, The format of the writing instructions precludes speci-
fication of a block length in excess of 100 words.

A typical k-word-long block layout is shown in figure IV -
Intro -~ 1., From the figure we obtain the information that a block
of k words occupies space for 80 + 12k digits, including the space
for one inter-block gap. However, only llk digits represent data
useful to a program. Table IV - Intro - 1 shows how the percentage

of useful information varies with block size.

1 "Blank'" tape is tape on which no information is recorded. The
subject will be discussed at length, in context, below.
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CHARACTER COUNT

//“\\,///\\\\///\\v//\\» Information

Identification and Timigg_
Inter«block gap —— 3D
Preface "word" ————— 8
Preface gap —_—9
Timing character 1
first data word
(address) 11
Address gap ——— 3
Timing character 1
Second data word 11
Timing character : 1
Third data word 11
\\\\¢//A\\// k-4 *
/\/_ 11(k-4)**
Timing character 1
ktP data word 11
End-of-block character _— 1
Erase gap —ee. 20
N 80 12k

* Timing characters for words 4
through k-1.
** Digits for words 4 through k-l.

Figure IV - Intro - 1. Block format
(not to scale)
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Words per Useful Data Total Digit % of Useful

Block (k) (1llk) Count (80 + 12k) Data
10 110 200 55.0
20 220 320 68.8
30 330 440 75.0
40 440 560 78.7
50 550 680 80.9
60 660 800 82.5
70 770 920 83.7
80 880 1040 84.6
90 990 1160 85.3
100 1100 1280 86.0

Table IV-Intro-1. Percentage of useful data in a block

Since approximately 208 digits can be recorded per linear inch
of tape, the number of digit spaces per 100 feet of tape in one

lane is:

~ 2 digits inches
Qoo= 208 —Gaon ¥ 12 3o X 100 feet

2 250,000 digit spaces
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Table IV - Intro - 2 shows the number of blocks and the number

of words of useful data which can be recorded in 100 feet of tape

in one lane.

Block Number Number of words
size of blocks of useful data
(k words) [250,000/(80+12k) ]=B (W = B x k)

10 1,250,.00 12,500

20 781,25 15,625

30 568.18 17,045

40 446,43 17,857

50 367.65 18,383

60 312,50 18,750

70 271,74 19,022

80 240.38 19,230

90 215.52 19,397

100 195,31 19,531

Table IV-~Intro-2,

Table I1V-Intro-3 shows how the capacity of a tape storage unit

Number of blocks and words of useful

data recorded in 100 feet of tape in

one lane.

containing a 3500-foot length of tape varies with block size,

Block Per lane Per tape
size
(k words) Blocks Words Blocks Words

10 43,750 437,500 87,500 875,000
20 27,344 546,880 54,688 1,093,760
30 19,886 596,580 39,772 1,193,160
40 15,625 625,000 31,250 1,250,000
50 12,868 643,400 25,736 1,286,800
60 10,938 656,280 21,876 1,312,560
70 9,511 665,770 19,022 1,331,540
80 8,413 673,040 18,826 1,346,080
90 7,543 678,870 15,086 1,357,740
100 6,836 683,600 13,672 1,367,200

Table IV-Intro-3.

IV - Int
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Table IV-Intro-4 shows how the capacity of a Datafile unit varies

with block size. Each of the 50 tapes in such a unit is 250 feet

long.
Block Per Lane Per Tape Per Unit
size
(k words) Blocks Words Blocks Words Blocks Words
10 3,125 31,250 6,250 62,500 312,500 | 3,125,000
20 1,953 39,060 3,906 78,120 195,300 | 3, 906,000
30 1,420 42,840 2,840 85,680 142,000 | 4,284,000
40 1,116 44,640 2,232 89,280 111,600 | 4,464,000
50 919 45, 950 1,838 91, 200 91,900 | 4,595,000
60 781 46,860 1,562 93,720 78,100 | 4,686,000
70 679 47,530 1,358 95,060 67,900 | 4,753,000
80 601 48,080 1,202 96,160 60,100 | 4,808,000
90 539 48,510 1,078 97,020 53,900 | 4,851,000
100 488 48,800 976 97,600 48,800 | 4,880,000

Table 1V-Intro-~4, Datafile Capacity

The Editing Process

The editing procedure consists of an examination of magnetic
tape to determine whether there are any imperfections—-ai.e:, flaws~—~~
on it, and the subsequent "deletion" of the flaws by preceding them
with flaw markers. A flaw marker consists of 'zeros" in channels one
through four, '"ones" in channels five and six (thus, 11 0000). A
sufficient number of flaw markers are recorded preceding a flaw so
that any block which is being written when the flaw-marked area is
encountered can be completely written before the actual flaw is en-
countered, Before the next block is written, the remainder of the
flaw-marked area and the flaw are skipped.

Any magnetic-tape unit can be provided with the ability to edit
tape by the inclusion in it of the "edit packages." It is manda-

tory, of course, that at least one unit have the ability to edit tape.
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OPERATIONAL CHARACTERISTICS OF THE DATATION 220

The procedure for editing tape in a Datafile is essentially the
same as that for the tape storage unit. It is necessary to dis-
tinguish two cases, however: 'brand new" tape, and tape which has
been used (i.e., which is to be re-edited).

If the tape has been used, it should bear a label--~that is, an
identification block---which can be verified, under program control,
as identifying a tape which it is safe to edit., After verification,
necessary monitoring information and/or directions to the operator
can be printed on the Supervisory Printer, following which the edit-
ing procedure can be initiated.

If the tape is brand new, however, it will not bear a label for
interrogation., But it is possible to distinguish tape which has no
information written on it: if a MAGNETIC-TAPE READ (MRD) instruc-
tion is issued to a tape which is blank, tape motion will be started
and continued in an effort to find written information; thus, tape
will be moved to the end, unless there is manual intervention,

In addition, brand new tape may not bear the reflective strips
which are used to define physical beginning and end. It is neces-
sary to affix the strips if they are not present., Let us assume
that this has been accomplished.1

Suppose also that appropriate monitoring information and/or
directions to the operator are printed on the Supervisory Printer

in this case too.

1 A procedure for doing this is described in the Handbook of
Operating Procedures.
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The initiation of the editing procedure begins with the re-~
lease by the operator of several interlocks whose purposes include
verification that the tape unit is in write status as well as pro-
tection against accidental editing. The precise sequence of steps
to initiate editing is described in the Handbook of Operating Pro-
cedures. The release of the interlocks causes control to be trans-
ferred to the unit on which editing is to take place: both the
Computer and the Magnetic-Tape Control Unit are released for other
use when the interlocks are released, That is to say, once initiated,
editing is carried out independently of both the Magnetic-Tape
Control Unit and the Computer.

When the EDIT button is depressed, tape movement starts in
the forward direction. After reaching the physical end-of-tape
marker, the direction of motion is reversed. Tape movement ceases---
and the editing process has been completed---when the physical be-
ginning-of-tape is reached. During these two passes the following
are accomplished:

1. At the beginning of the forward pass, magnetic

beginning-of-tape (10 1111) is written in both
lanes simultaneously.

2., During the remainder of the forward pass, the
tape is "erased."

3. At the beginning of the backward pass, magnetic
end-of~-tape (10 1111) is written in both lanes
simultaneocusly.

4. During the remainder of the backward pass, when-

ever a flaw is discovered in either lane, flaw
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markers are written simultaneously in both lanes,
The magnetic beginning-of-tape appears to be covered
with flaws: it is overwritten with flaw markers.
Of course, a tape label should be written after the editing
process so that the tape may be identified, under program control,

as one which has been edited and which is ready for initial writing.

Writing on Newly-Edited Tape

The establishment of format on newly-edited tape is accomplished
by execution of MAGNETIC-TAPE INITIAL WRITE (MIW) or MAGNETIC-TAPE
INITIAL WRITE, RECORD (MIR) instructions. These instructions write
the preface associated with each block as well as the block itself,
MIW is used to write from one to ten blocks, all of which contain the
same number of words; MIR is used to write from one to ten blocks,
no two of which need to contain the same number of words.

Two kinds of blocks are used to provide terminal-condition con-
trol: one is called an "end-of-tape'" block, the other a "control"
block. Except for its contents, each of these blocks is completely
defined by the manner in which it is regarded during the execution
of instructions., Table IV-Intro-5a defines the end-of-tape block;
Table IV-Intro-~5b defines the control block. The reader is cautioned
that some of the defining conditions will become {(more) meaningful
only after he has a grasp of the manner in which instructions are
executed.,

The end-of-tape block is a one-word block---i,e., its preface
is O0l---which occupies the space of a ten-word block when it is

written on tape, An end-of-tape block is the only block which can
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be written if the preface specified is less than ten; unless the
preface is Q0l---when it is specified as less than ten---an improper-
block-length ALARM STOP will occur.

The first word of the end-of-tape block is the only word of the
block which contains information relevant to the program (the rest
of the block written on tape is an "erase block" which automatically

is supplied by the tape control unit). The format of the relevant

word---it is called the control word---is the following: & ii aaaa bbbb{

The sign digit may be used to specify B-register address-modifica-
tion of bbbb when the control word is read; ii are not relevant;
aaaa is the address of the location in which will be stored infor-
mation enabling the program to determine the circumstances in which
the end-of-tape block is encountered (see Table IV-Intro-5a), and
Bl[bbbb] is the address of an alternate instruction, that is, the
address of the location to which control is transferred when the
block is encountered (again, see Table IV-Intro-5a for details).

A control block is a uniquely identified block, namely any
block—--with the exception of an end-of-tape block---with a 7 in the
sign-digit position of the address word.l End-of~tape blocks
cannot also be used as control blocks: if an end-of-tape block has
a 7 in the sign-digit position of the control word, the 7 will not

be recognized as designating a control bhlock,

1 As will be seen below, the sign-digit position of the address
word cannot be included in the search key; that is, the con-
tents of the sign-digit position cannot be used as part of
the address of a block. The sign-digit is also excluded from
scan key.
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Operation

Description of effect on
encountering end-of-~tape block

MAGNETIC-TAPE INITIAL WRITE
(MIW)

MAGNETIC-TAPE INITIAL WRITE,
RECORD (MIR)

Not applicable, since tape is
newly edited.

MAGNETIC-TAPE OVERWRITE (MOW)

MAGNETIC-TAPE OVERWRITE,
RECORD (MOR)

If prefaces match, end-of-tape
block is overwritten just like
any other block.

If prefaces do not match:

1. Terminate the operation;

2., Position tape so ''next"
block can be written;

3. Store (rP) in aaaa:04
and (rC:04) in aaaa: 64
and

4., Transfer control to Bibbbb]
(i.e., B[bbbb]} »> rP).

MAGNETIC-TAPE READ (MRD)
MAGNETIC-TAPE READ, RECORD
(MRR)

la. If MRD, no words are trans-
ferred to storage;

1b. If MRR, the preface is trans-
ferred to storage;

2, Terminate the operation;

3. Position tape so "next'" block
can be read;

4, Store (rP) in aaaa:04 and
(rC:04) in aaaa:64; and

5. Transfer control to B{bbbb]
(i.e., B[ bbbb] - rp),

Table IV~-Intro-ba.
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Operation

encountering end-of-tape block

Description of effect on

MAGNETIC~TAPE SEARCH (MTS)
MAGNETIC-TAPE FIELD SEARCH
(MFS)

1.

When tape is moving forward:

a. Terminate the operation;
and

b, Position tape so end-of-
tape block can be read.

When tape is moving backward

the end-of-tape block is

treated like a normal block,

MAGNETIC-TAPE SCAN (MTC)
MAGNETIC-TAPE FIELD SCAN
(MFC)

Terminate the operation; and
Position tape so end-of-~tape
block can be read.

MAGNETIC-TAPE POSITION
FORWARD (MPF)

MAGNETIC-TAPE POSITION
BACKWARD (MPB)

MAGNETIC-TAPE POSITION
AT END OF INFORMATION
{(MPE)

Treated like 2a normal block.

MAGNETIC-TAPE REWIND (MRW)

MAGNETIC-TAPE REWIND,
DEACTIVATE (MDA)

Rewind ignores all information
written on tape,.

Table IV-Intro-5a (concluded).
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The last word of a control block is a control word which has
the same format as the control word in an end-of-tape block., The
control word in a control block serves the same function as the
control word in an end-of-tape block (see Table IV-Intro-5b for
details).

When a MIW or MIR instruction is issued, the writing of the
first preface does not begin until an amount of blank tape equi-
valent to inter~block gap is passed. The writing of each subse-
quent preface is subject to the same restriction: after the end-
of-block character and erase gap are written---or sensed, if another
MIW or MIR instruction is issued--~writing is inhibited until an
amount of tape equivalent to inter-block gap is passed. In this
manner, writing in the flaw-marked area at the beginning of tape
is prevented; also, writing over a flaw is prevented, since a flaw-
marked area preceding an imperfection is long enough to permit the
completion of the writing of any maximum-~length block if the flaw-
marked area is encountered while writing is in process.

The magnetic-tape End-of-Tape Indicator is set "on" at the
completion of the operation if magnetic end-of-tape is encountered
during the execution of a MIW or MIR instruction. The writing
operation will be completed: during the editing process the amount
of tape marked as magnetic end-of-tape is more than sufficient to
permit the completion of any instruction which may be in progress at
the time magnetic end-of-tape is encountered. In fact, the area
marked as magnetic end-of-tape is long enough to permit the writing

of control information at the end of every tape, as well. -
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Operation

Description of effect on
encountering control block

MAGNETIC-TAPE INITIAL
WRITE (MIW)

MAGNETIC-TAPE INITIAL WRITE,
RECORD (MIR)

Not applicable, since tape is

newly edited.

MAGNETIC-TAPE OVERWRITE (MOW) Treated like a normal block,
MAGNETIC-TAPE OVERWRITE,

RECORD {MOR)

MAGNETIC-TAPE READ {MRD) 1. All words but the control

MAGNETIC-TAPE READ, RECORD
(MRR)

word---the last word---go

to storage;

Terminate the operation;

Position tape to read the

next block;

Store (rP) in aaaa:04 and

(rC:04) in aaaa:64; and

. Transfer control to B]bbbb]
(i.e., B[{bbbb] » rP).

L] -

-

o 3 W

MAGNETIC-TAPE SEARCH (MTS)
MAGNETIC-TAPE FIELD SEARCH
(MFS)

Treated like a normal block.

MAGNETIC-TAPE SCAN (MTC)
MAGNETIC~TAPE FIELD SCAN
(MFC)

1. Terminate the operation; and
2, Position tape so control

block can be read.

MAGNETIC-TAPE POSITION
FORWARD (MPF)

MAGNETIC-TAPE POSITION
BACKWARD (MPB)

MAGNETIC-TAPE POSITION AT
END OF INFORMATION (MPE)

Treated like a normal block.

MAGNETIC-TAPE REWIND (MRW)

MAGNETIC-TAPE REWIND,
DEACTIVATE {MDA)

Rewind ignores all information
written on tape.

Table IV - Intro - 5b,
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Every MIW and MIR instruction must be followed by a MAGNETIC-
TAPE INTERROGATE END~OF-TAPE, BRANCH (MIE) instruction to determine
whether magnetic end-of-tape was encountered by the last MIW or
MIR instruction, If magnetic end-of-tape was encountered, a marker
must be written to identify the end of information. A procedure
for establishing a control marker, that is, for bounding a file,

is described in the Handbook of Programming and Coding Techniques.

Search

MAGNETIC~-TAPE SEARCH (MTS) is an instruction which provides
the ability to locate in a tape file a specified block. The block
specified is the one whose first word-~ the "address'" of the block --
is identical with a specified search key. The sign digit is ex-
cluded from the address, that is, from the search key. Once ini-
tiated, searching is done under direction of the Magnetic-Tape
Control Unit, independently of the Computer,

The searching operation is executed as follows: tape is moved
first in the forward direction until a block is encountered whose
address is greater than or equal to the search key.l The direc-
tion of tape motion is then reversed; tape moves backward until one
of two events occurs:

1. A block is found whose address is identical with the

search key., 1In this case the operation terminates
with tape positioned so that the head can read the

block whose address is identical with the search key.

1 In case an end-of-tape block is encountered during a searching
operation, the operation is modified as indicated in Table IV
Intro-5a.
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2. A block is found whose address is less than the search
key. In this case, the direction of tape motion is
again reversed, and tape is moved in the forward direc-
tion. Tape movement stops with the head near the end
of the block whose address is less than the search key.
The head is in position to read the next block, that
is, the first block whose address is greater than the
search key.

It is apparent from this last statement that a searching opera-
tion may terminate with the tape positioned so the head can read a
block whose address is different from the search key. Hence, it is
necessary to verify, under program control, that the block sought
has been found. |

It should be noted, also, that the nature of the searching
operation imposes one important requirement on the structure of a
file: the blocks which are written in any lane must be arranged
in order of increasing addresses, from beginning to end, if the
searching operation is to be used. Techniques for partitioning a
lane so that it may contain a part or all of more than one file
must also order each file within partitions.

It is possible to execute a search instruction using a par-
tial-word search key. The definition of the partial-word boundaries,
sL, must be pre-set in the two high-order digit positions in the
B-register (that is, sL = (rB:82)), The instruction is MAGNETIC-

TAPE FIELD SEARCH (MFS). ;

Scan

MAGNETIC-TAPE SCAN (MTC) is an instruction which provides the

ability to locate blocks having a code which categorizes the blocks
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as belonging to a certain class; for example, from an accounts-
receivable file we may wish to examine the record of every account
which is delinquent.

The category code of a block may be in any one of the first ten
words of the block. The sign-digit position of a word is excluded
from the category code,

The scanning operation is executed as follows: tape is moved
in the forward direction in an attempt to locate a block whose
category code is identical with the scan key. The operation will
terminate when either of two events occurs:

1. A block is found whose category code is identical

with the scan key. The operation terminates with
the head in position to read the block whose cate-
gory code is identical with the scan key. Or,

2. A control block or end-of-tape block is encountered,

in which case the operation terminates with the
head in position to read the control or end-of-tape
block.

Note that a scanning operation can terminate without having
located a sought-for block. Hence, it is necessary to verify,
under program control, that a sought-for block has been found,

It is possible to execute a scanning operation using a par-
tial-word scan key. The definition of the partial-word boundaries,
gL, must be pre-set in the two high-order digit positions in the
B register (that is, sL=(rB:82)). The instruction is MAGNETIC-

TAPE FIELD SCAN (MFC).
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Reading

It is possible to read from one to ten blocks with one instruc~
tion, 1If these blocks are all the same length, a MAGNETIC-TAPE READ
(MRD) instruction is executed. The first word of the first block
read---the address of that block---is written in the location whose
address is specified in the MRD instruction., Succeeding words of
the first, and all following blocks, are written into consecutively-
addressed locations following the location whose address is specified
in the instruction.

If the blocks to be read are not all the same length, or~--
what is the same thing---if their lengths are not known to the
program in advance--- a MAGNETIC-TAPE READ, RECORD (MRR) instruction
is executed. This instruction causes the preface---which specifies
how many words are contained in the block---associated with each
block to be read and written into storage immediately preceding the
first word of the associated block. Suppose, for example, that the
instruction orders three blocks to be read, that the address speci-
fied in the instruction is 1001, and that the three blocks are, in
order, 23, 37, and 17 words long. Figure IV ~ Intro - 2 shows the
allocation of storage after completion of the instruction.

Note that the preface occupies the two high-order digit posi-
tions of the location in which it is stored,.

Note also that Figure IV-Intro-2 shows the allocation of
storage required for the execution of a MAGNETIC~TAPE INITIAL WRITE,

RECORD instruction.
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LOCATION CONTENTS
1001 0 2300 00 0000 (preface of first block)
1002 Address word of first block
1024 23rd word of first block
1025 0 3700 00 0000 (preface of second block)
1026 Address word of second block
1062 37th word of second block
1063 0 1700 00 0000 (preface of third block)
1064 Address word of third block
1080 17th word of third block

Figure IV-Intro-2. Example of allocation of
storage on execution of MRR.

It is possible for a reading instruction to be terminated with-
out having read as many blocks as are specified in the instruction.
This event may occur in case a control or end-of-tape block is
encountered during the operation., The consequences of encountering
a control block or end-of-tape block during a reading operation are

specified in Table IV-Intro-5b and Table IV-Intro-5a, respectively.
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Overwriting

The magnetic~tape system of the DATATRON 220 features the
ability to modify information already recorded on tape. That is,
the contents of any block may be altered, as required, without the
need to copy the entire tape. This ability is provided by two
instructions, MAGNETIC-TAPE OVERWRITE (MOW) and MAGNETIC-TAPE OVER-
WRITE, RECORD (MOR).
The execution of these instructions differs from the execution
of the corresponding MIW and MIR instructions only in these essen-
tial respects:
1, It is not possible to execute MOW or MOR on newly-
edited tape., If an attempt is made to overwrite on
newly-edited tape, the tape will be moved to the
physical end-of-tape marker, unless there is manual
intervention.
2., Before overwriting begins, the preface written on
tape is compared with the preface specified by the
instruction. If the prefaces are identical, the
block on tape will be overwritten; otherwise, a
preface-mismatch ALARM STOP will occur, unless the
mismatch occurs with an end-of-tape block (see
Table IV-Intro-5a).

The contents of a control block or end-of-tape block may be

modified using the MOW or MOR instructions,

Positioning

MAGNETIC-TAPE POSITION FORWARD (MPF) and MAGNETIC-TAPE POSITION
BACKWARD (MPB) permit tape to be moved forward or backward, respec-

tively, passing over from one to ten blocks. Once initiated, these
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instructions are executed under direction of the Magnetic-Tape Control
Unit, independently of the Computer.

MAGNETIC~TAPE POSITION AT END OF INFORMATION (MPE) moves tape,
positioning it so that the read-write head is near the end of the
last block written (that is, near the end of information) ready to
(initial) write a next block,

MAGNETIC-TAPE REWIND (MRW) and MAGNETIC-TAPE REWIND, DEACTIVATE
(MDA) allow tape to be rewound at the direction of the program., Once
initiated, these instructions are executed under direction of the
Magnetic~-Tape Storage Unit or Datafile, independently of both the
Computer and the Magnetic-Tape Control Unit. The MDA instruction
differs from MRW in one essential respect: MDA causes interlocks
to be set; these interlocks must be released manually by the system
operator before the tape unit specified can be used by the program,
If an instruction refers to a unit which is inoperative because these
interlocks have not been released, a not-ready ALARM STOP will occur.

MAGNETIC-TAPE LANE SELECT (MLS) allows for the selection of a
read-write head in a specified lane without any tape motion, 1Its
principal purpose is in connection with the writing of control blocks
so that they occupy, logically, the same relative position in both
lanes of the same tape when control blocks are used to mark end-of-

file or end-of-tape.

Interrogation

MAGNETIC-TAPE INTERROGATE, BRANCH (MIB) permits the program
to determine if a designated tape unit is ready to be used., If the

unit queried is ready, control is transferred.
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Input Sign Control

MAGNETIC-TAPE READ and MAGNETIC-TAPE READ, RECORD may be coded
to permit B-register address-modification of designated words read
from magnetic tape.

B-register address modification can occur only if (rC:41)/8=1.
The word read from tape is examined in the I register to see if
B-register address modification is designated:

1. If (rD:il)/Snl, B-register address modification will

occur; at the same time, (rD:*1)/8 is set to zero.

2. If (rD:%1)/8=0, no modification of the word read from

tape will occur,

There is one exception to the above: if B-register address
modification of a control word (in a control or end-of-tape block)
is intended, the sign digit of the control word should be odd, Then,
when the control word is read, B-register address modification will

occur no matter how the instruction is coded.

Parity Checking

As noted above, every digit is written on magnetic tape with
an odd-parity bit. A parity error can be detected, however, only
during the portion of an operation in which the read-write head is
in read status. For example, the head is in read status during an
entire searching operation,

Generally speaking, the detection of parity errors falls into

two classes:
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1. The detection of errors in the part of the block which is
relevant to the instruction being executed. (For example,
the block address when searching; the entire block when
reading.) Ve call this a Class I error.

2. The detection of errors in a part of the block which is not
relevant to the instruction being executed., (For example,
all other words but the block address when searching.) We
call this a Class II error.

In the DATATRON 220, only parity errors which fall into the
first class are detected., The detection of Class II errors is ig-
nored,

Table IV-Intro-6 defines the Class I errors.

In conclusion, two statements can be made about parity errors:

1. The detection of a parity error has priority over any other
kind of error which might occur simultaneously. For ex-
ample, suppose a parity error is detected in a preface
during a MAGNETIC-TAPE OVERWRITE instruction: the parity
error has priority - i.e., takes precedence in the demand
for activity - over the preface mismatch,

2, The initial detection of a parity error results, automati-
cally, in two attemptis to repeat the operation during
which the error is detected in order to eliminate the de-
tected error (if it is due to a dust particle, say). For
example, if the error is detected during MAGNETIC-TAPE
READ, two additional attempts will be made to read the
block. In case the parity error cannot be eliminated, a

parity-error ALARM STOP will occur. Tape movement will
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Operation

Location of error

Remarks

MAGNETIC-TAPE SEARCH 1. Address l. Correct address, but appears to be
2. Preface of end-of- a. incorrect
MAGNETIC-TAPE FIELD tape block b. correct (if the parity bit is
SEARCH "dropped").
2. Incorrect address, but appears to be
a. correct
b. incorrect.
3. End-of-tape block must be recognized,
MAGNETIC~-TAPE SCAN 1. Category code. 1. Correct category code, but appears
2. Control block mark- to be
MAGNETIC-TAPE FIELD er-digit in address a. incorrect
SCAN of block. b. correct (if the parity bit is
3. Preface of end-of- "dropped").
tape block. 2, Incorrect category code, but appears
to be
a. correct
b. incorrect.
3. Control block must be recognized.
4. End-of-tape block must be recognized.
MAGNETIC-TAPE READ 1. Entire block. 1. Control block must be recognized.
2. Preface. 2. End~of-tape block must be recognized.
MAGNETIC-TAPE READ, 3. Control block
RECQRD marker-digit in
address of block,
MAGNETIC-TAPE OVER- 1. Preface, 1. Correct preface, but appears to be
WRITE a. incorrect,
b. correct (if parity bit is dropped)
MAGNETIC-TAPE OVER- 2. Incorrect preface, but appears to be
WRITE, RECORD a. correct
b, 1incorrect.
3. Parity has priority over preface mis-

match.

Table IV - Intro - 6.

Definition of Class I Parity Errors
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

stop with the head positioned to read the block in which
the error was detected.
The block in question will have been read from tape and
written in core storage.

Digit~-count/Word-count Checking

Preceding every word written on tape is a timing character.
During reading operations this character is used by the Magnetic-
Tape Control Unit to verify that every word read is 11 digits long.
That is,a "digit count” check is made.

During reading operations the preface associated with the block
being read is used by the Magnetic-Tape Control Unit to verify that
all of the data words in the block have been read. That is,a '"word
count' check is made.

1f, during a reading operation, the digit count and/or the word
count fail to check, two additional attempts will be made to read
the block in question. These re-trials are made automatically under
direction of the Magnetic~Tape Control Unit. If the digit count or
the word count fails to check in both of these attempts to read the
block, a digit-count/word-count ALARM STOP will occur, with the
read-write head in position to read the block in which the error
occurred,

The questionable block will have been read from tape and
written in core storage.

Timing

Normally, when processing in a lane (specifically excluding
the situation after execution of MAGNETIC-TAPE LANE SELECT), tape
stops with the head positioned not more than five words (=60 digits)

from and in front of the end-of-block mark, After a MAGNETIC-TAPE
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READ instruction, for example, tape is repositioned so that the head
is located, as just described, in the last block read, prepared to
read the next block. 8Since there are 20 digit-positions in the erase
gap and 39 digit-positions in the inter-block gap, it is required to
pass over 119 digit-positions before the beginning of the next

block is encountered.

DEFINITION: Acceleration time is the time required

to elapse before the signal read from
tape reaches maximum amplitude. Ac-
celeration time is less than 3 milli-
seconds (0.003 seconds).

DEFINITION: Start time is the time required to get

from rest to the next beginning-of-block
mark, that is, to pass over 119 digit-
positions, starting from rest.

In accelerating to the normal speed of 120 inches per second,
approximately 75 digit-positions are passed. This is accomplished
in 0,003 seconds. The remaining approximately 44 digit-positions
which must be passed before the beginning-of-block mark is found
require slightly less than 0.002 seconds to traverse. A convervative
estimate of start time, then, is 0,005 seconds (5 milliseconds),

An operation which terminates with the tape in motion in the
forward direction requires that tape be moved so as to place the
read-write head near the end of the last block operated on. This
tape movement is called "turn-around",

DEFINITION: Turn-around time is the time required

1., To stop the forward motion of the tape;

2., To reverse the direction of the motion of
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tape; and

3. To stop the backward motion of tape with
the head positioned in the block and not
more than 60 digit-positions in front of
the end-of-block mark.

A convervative estimate of turn-around time is 0,005 seconds
(5 milliseconds).

Because it is possible to establish files in so many different
formats, it is not possible to provide an exhaustive listing of the
time required to perform any of the many operations which are possi-
ble. Sufficient information is provided in this section to permit
any hecessary time estimates to be made.

The tables which follow illustrate some representative samples
of time estimates for execution of MAGNETIC-TAPE READ or MAGNETIC-

TAPE WRITE.

Block Start Reading or Total

size time Writing time time

(words) (ms) (ms) (ms)
10 S 6.4 11.4
20 5 11.2 16.2
30 5 16.0 21.0
40 5 20.8 25.8
50 5 25,6 30.6
60 5 30.4 35.4
70 5 35.2 40,2
80 5 40.0 45.0
90 5 44.8 49.8
100 5 49.6 54.6

Table IV-Intro-7, Time required to read or
write one block (starting
from rest).
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Block Start Reading or Total

size time Writing time time

(words) (ms) (ms) (ms)
10 5 38.4 43 .4
20 5 62.4 67.4
30 5 86.4 91.4
40 5 110.4 115.4
50 5 134.4 139.4
60 5 158.4 163.4
70 5 182.4 187.4
80 5 206.4 211.4
90 5 230.4 235.4
100 5 254.4 259.4

Table IV-Intro-8,

Time required to read or
write five blocks (starting
from rest).

Block Start Reading or Total

size time Writing time time

(words) (ms) (ms) (ms)
10 5 78.4 83.4
20 5 126.4 131.4
30 5 174.4 179.4
40 5 222.4 227.4
50 5 270.4 275.4
60 5 318.4 323.4
70 5 366,.4 371.4
80 5 414.4 419.4
90 5 462, 4 467 .4
100 5 510.4 516.4

Table IV - Intro - 9.

The reader will note that none of the tables include turn-
around time, although that time may have to be given consideration
when making timing estimates,
as well as repositioning time -~ if the job requires overwriting

the blocks read -- can be masked,

Time required to read or
write ten blocks (starting

from rest).

required to process the blocks read.

IV -~ Intro - 31
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

The entries in the preceding three tables were computed on the
basis of the following considerations: the time, Th’w required to
read or write n blocks, each k words long, starting with the tape
at rest, is composed of the following elements:

1. Start time, ts. tS w 5 ms,

2. Time required to pass the space occupied by (the remainder

of) the first block, tl. tl = 0,04(41 + 12k) ms.

3. Time required to pass the space occupied by the remaining

n-1 blocks, including the inter-block gap preceding each
of the remaining n-1 blocks, te- ty = 0.04(n-1) (80 + 12k)
ns.

Hence,

TR,W = ts + t1 + tf
= 5 + 0,04(41 + 12k) + 0.04(n-1) (80 + 12k)
T = 3.44 + 3.2n + 0.48 nk ms,

R, W
t_ provides a measure of the time required to read or write

£
n-1 blocks, each k words long, when the tape is travelling at full
speed. Hence, one may compute the time, t, required to read or
write m blocks, each containing k words, with the tape moving at
full speed, using the formula
t=m (3.2 + 0,48k) ms.

The time, T , required to position backward (that is, to
execute a MPB inztruction) may be deduced on the basis of the
following considerations: the time required to position backward
n blocks, each k words long, starting with the tape at rest, is

composed of the following elements:

1. Start time, t_. t_= 5 ms.
s s
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2. Time required to pass the space occupied by the
remainder of the first block, not including the
inter-block gap which precedes this block T,.
Recall that the head is positioned initially
approximately 60 digit-positions from the end-of-
block character.

'rl = 0,04(80 + 12k - 119 - 60 - 20 - 39) ms.

3. Time required to pass the space occupied by the
remaining n-1 blocks, including the inter-block
gap following each of the remaining n-1 blocks,
ftf. ’Ef = 0,04(n~1) (80 + 12k) ms,

4, Stop time. This is the same as start time.

Hence,

TP=|=-1:$+"I51-r-"t'f-1-1:s
=5+ 0.04(12k - 158) + 0,04(n-1)(80 + 12k) + 5
T =3.2n + 0,48 kn + 0.5 nms,

P
Information Flow

The general nature of information flow during input and output
was discussed in Section II. In some details, however, the flow
of information during execution of magnetic-tape operations is
different from that indicated in Section II, For this reason, the
flow of information is described again below.

Input flow

Input flow is shown in Figure IV-Intro-7.
1. (rD:00) -~ the D register contains an image of the instruc-
tion brought from storage during the Fetch Phase -- are transferred

to the T register in the Magnetic-Tape Control Unit.
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2. The address part of the C register -- which specifies the
location in storage where the first word read from tape will be
stored -~ is copied into the four high-order digit-positions of the
C register, that is, (rC:04) -» rC:44, This address is preserved in
case a parity-error is detected or the digit-count/word-count check
fails and an attempt is made -- under machine control -- to re-read
the block in which the error is detected: the Computer must have
the address of the location into which is to be written the first
word of the block read from tape.

3. The address part of the C register -- which specifies the
location in storage where the next word read from magnetic tape is
to be stored -~ is transferred to the E register. At the same time,
the address part of the C register is counted up 1.

4, The next word on tape is read and transferred to the D
register.

5, The contents of the D register are then transferred to the
1B register, with or without B-register modification as specified
and indicated.

6. The contents of the IB register are transferred to storage.

If all of the words of the block have not been read, there is
a return to step 3 for the next word.

1f all of the blocks, as specified by the instruction, have not
been read, there is a return to step 2 to prepare for reading the
next block.

Such modifications in the flow as are required when a control
or end-of-tape block is encountered will be explained in the de-

scription of the Execute Phase of the appropriate instruction.
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Output flow

Output flow is shown in Figure IV - Intro - 8.

1. (rD:00) -- the D register contains an image of the instruction
brought from storage -- are transferred to the T register.

2, The address part of the C register -- which specifies the
location in storage from which will be taken the first word to be
written on tape -- is copied into the four high-order digit posi-
tions of the C register, that is, (rC:04) » rC:44,

3. The address part of the C register -~ which specifies the
location in storage from which will be taken the next word to be
written on tape -- is transferred to the E register. At the same
time, the address part of the C register is counted up 1.

4, The word is transferred from storage to the IB register,

5. The contents of the IB register pass through the adder to
the Magnetic-Tape Control Unit and thence to the designated tape
unit, with the low-order digit of the word written first.

If all of the words of the block have not been written, therc
is a return to step 3 for the next word.

If all of the blocks, as specified by the instruction, have not
been written, there is a return to step 2 to prepare for writing the
next block.’

Use of DATATRON 205 Magnetic Tape

It is possible to read from magnetic tape which has been pre-
pared by a DATATRON 205 system.

The reader may recall that a word is written on DATATRON 205
magnetic tape with sign digit first, low-order digit last. DATATRON
220 tape, on the other hand, is written with low-order digit first,

sign digit last.

IV - Intro - 36 9/1/57



LE — OJIUI = Al

LS/1/6

Storage

e —

f——
L
el
-f—

D register

1234567890 <:)

Information Buffer
register

C register

l i

1234567890

e

E
register

Adder
® h
X Magnetic-
Tape
Z |——— Control
(:) Unit
Figure IV-Intro-8. Output flow

T register

1234567890

NALSAS HAV.IL-DILINDVIN HHL



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

It is necessary, therefore, to invert the order of the digits
in a word which may be written on DATATRON 205 tape before the word
can be processed in the DATATRON 220, This may be accomplished in
the DATATRON 205, before the word is written, or it may be done in
the DATATRON 220, after the word has been read. A procedure to
accomplish this inversion in the DATATRON 220 can be found in the
Handbook of Programming and Coding Technigues.

Exceptional Conditions

Following is a list summarizing conditions which can occur and
are detected by the DATATRON 220. In addition to those enumerated
below, a non-existent-address ALARM STOP and field-overflow ALARM
STOP -~ both of which were defined in Section II -- can occur.

1. A parity-error ALARM STOP will occur whenever a failure in
parity is detected, and attempts to eliminate the error have not
been successful, Parity errors are defined by Table-IV-Intro-6

2, A digit-count/word count ALARM STOP will occur during a
reading operation if either the digit count (per word) or the word
count (per block) fails to check.

3. An improper-block-length ALARM STOP will occur if an
instruction specifies the writing of a block whose length is 2, 3,
4, 5, 6, 7, 8, or 9 words,

4, MOW and MOR begin by comparing the preface already on tape
with the preface specified by the instruction. If the two prefaces
are not identical, and the block on tape is not an end-of-tape block,
a preface-mismatch ALARM STOP will occur.

5, If an attempt is made to write on a unit which is in not-

write status, a not-write-status ALARM STOP will occur.
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6. Suppose a tape is positioned at physical end~of-tape after
execution of a MIW or MIR instruction. If the next instruction
referring to that unit is one which initially moves tape in the for-
ward direction, an end-of-tape ALARM STOP will occur.

1f physical end-of-tape is sensed during the execution of MTS,
MFS, MTC, MFC, or MPF instructions, an "operation complete' signal
will not be generated. Manual intervention is required before pro-
cessing can proceed,

If physical beginning-of-tape is sensed during the execution
of MTS, MFS, or MPB instructions, an "operation complete” signal
will not be generated. Manual intervention is required before pro-
cessing can proceed.

7., If the unit referred to by an instruction is inoperative,
a not-ready ALARM STOP will occur,

Execute Phase

The remainder of Section IV is devoted to a description of the

Execute Phase of all the instructions which refer to magnetic tape.
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Operation code:
Operation name: Abbreviation:
MAGNETIC-TAPE SEARCH MTS
MAGNETIC-TAPE FIELD SEARCH MFS
MAGNETIC-TAPE LANE SELECT MLS
MAGNETIC-TAPE REWIND MRW
MAGNETIC-TAPE REWIND, DE-ACTIVATE MDA

Instruction format:

+1234567892¢0

+

I{u hlh \'4 qP a]alala

Definitions:

*: if + is odd, B-register address-
modification will occur; otherwise,
there will be no such modification.
+ =4 0r 5: if v = 0, MAGNETIC-TAPE

FIELD SEARCH will be
executed.

u: designates tape unit.

bhh: if u is a tape storage unit, lane

0 or 1 is selected according as
hh is an even or odd number,

if u is a Datafile, lane hh is
selectied.

variation desiganator.

vz=0: *=0o0r l: MAGNETIC-TAPE

SEARCH will be
executed,

H
i

4 or 5: MAGNETIC-TAPE

FIELD SEARCH will

be executed,

v = 4: MAGNETIC-TAPE LANE SELECT will

be executed.

IV-50-2

MTS, MFS:
fetch: 90
execute: 160
total: 250
MRW, MDA:
fetch: 90
execute: 110
total: 200
MLS:
fetch: 90
execute:
total:

50

Computer time (us):

9/1/57
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aaaa:

= 8: MAGNETIC-TAPE REWIND
will be executed.

v = 9: MAGNETIC~TAPE REWIND, DE-ACTIVATE

will be executed.

Operation code

v=0: address of base of location of

search key.

v#0: aaaa is not relevant to the

execution of these instructions.

Description of operation:

Summary:

v=0, + ¥ 4 or 5: MAGNETIC~TAPE SEARCH will be executed.

Search on unit u, in the lane specified by hh, for the
block whose address is identical with (Bl[aaaa]:00), the
search key. When the block sought has been found, the
operation will terminate with the read-write head posi-
tioned to read the desired block.

After MAGNETIC-TAPE SEARCH is initiated, it is executed
under control of the Magnetic-Tape Control Unit, independ-
ently of the Computer,
v=0, £ = 4 or 5: MAGNETIC-TAPE FIELD SEARCH will be

executed.

Search on unit u, in the lane specified by hh, for the
block, the corresponding part of whose address is identical
with (B[aaaa]:sb), the partial-word search key. The partial-
word boundaries are defined by (rB:82)=sL. When the block
sought has been found, the operation will terminate with
the read-write head positioned to read the desired block.

After MfGNETIC—TAPE FIELD SEARCH is initiated, it is
executed under control of the Magnetic-Tape Control Unit,

IV-50-3
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independently of the Computer.
Vv = 4: MAGNETIC-TAPE LANE SELECT will be executed.
On unit u, select the read-write head in the lane
specified by hh, There is no tape movement.
v_= 9: MAGNETIC-TAPE REWIND, DE-ACTIVATE will be executed.
Rewind unit u to the physical beginning-of-tape marker.
At completion of the rewind, select the read-write head
in the lane specified by hh. Then, de-activate the unit.
After MAGNETIC-TAPE REWIND, DE-ACTIVATE is initiated,
it is executed under control of the magnetic-tape unit,
independently of both the Computer and Magnetic-Tape Con-
trol Unit.
v = 8: MAGNETIC-TAPE REWIND will be executed.
Except that the unit is not de-activated, this vari-
ation is the same as that executed when v = 9.

Flow chart:

See page IV-50-9

IV-50~4
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Exceptional conditions:

1. Non-existent-address ALARM STOP.

2. Field-overflow ALARM STOP. The test for field overflow is
made before initiating the searching operation: if field overflow
is detected, there will be no tape movement.

3. Parity-erroxr ALARM STOP.

4. End-of-tape ALARM STOP,

5. Not-~ready ALARM STOP,

Remarks:

1. The MAGNETIC-TAPE SEARCH or MAGNETIC-TAPE FIELD SEARCH
variation will be selected for execution if v =0, 1, 2, or 3.
Which of MTS or MFS will be selected is determined by the sign digit
of the instruction.

2. The MAGNETIC-TAPE LANE SELECT variation will be selected
for execution if v = 4, 5, 6, or 7.

3. The nature of the searching operation is defined as
follows: Tape movement starts in the forward direction and continues
in that direction until one of two events occurs:

a. A block is encountered whose address is greater than
or equal to the search key; or
b. An end-of-tape block is encountered. When an end-of~
tape block is encountered, the operation is terminated
with the head in position to read the end-of-tape
block.
When (a) occurs, the direction of tape motion is reversed. Tape
continues to move in the backward direction until one of two events

oCcCcurs:

IV-50-5
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c. A block is encountered whose address is equal to the
search key. In this case, the operation terminates
with the head positioned to read the block whose
address is identical with the search key.

d. A block is encountered whose address is less than the
search key.

When (d) occurs, the direction of tape motion is again reversed.
Tape moves in the forward direction until the read-write head is
near the end of the block whose address is less than the search key:
tape movement stops with the head in position to read the block
following the one whose address is less than the search key. That
is, tape movement ceases with the head in position to read the first
block whose address is greater than the search key.

4, As a result of the definition of the searching operation,
it can happen that an instruction to search will fail to find the
sought-for block. It is necessary, therefore, to verify under pro-
gram control that an instruction to search has in fact found the de-
sired block.

5, As a result of the definition of the searching operation,
an order structure is imposed on a file - or that part of it which
is in one lane ~ if it is one in which searching is to be done: the
file must be set up so that if the block whose address is k follows
the block whose address is j, then k must be greater than j.

6. If the address of every block on a tape is greater than the
search key, the reflective strip which marks the physical beginning
of tape will be encountered during the backward pass after the first
block has been passed. Tape movement - and, hence, searching -~ stops

when the reflective strip is sensed. No ''operation complete'" signal
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is generated, however; so, the Magnetic-Tape Control Unit will
appear to be busy if a MIB instruction is issued or if an attempt is
made to use tape (by attempting to execute a MRD instruction, for
example). Manual intervention is required in order to proceed with
processing.

In a properly-established file this event will not occur.

7. If the address of every block on tape is less than the
search key, and if the tape is not bounded by an end-of-tape block,
the reflective strip which marks the physical end of tape will be
encountered during the forward pass after the last block has been
passed, Tape movement - and, hence, searching - stops when the re-
flective strip is sensed. No 'operation complete' signal is gener-
ated, however; so, the Magnetic-Tape Control Unit will appear to be
busy if a MIB instruction is issued or if an attempt is made to use
tape (by attempting to execute a MRD instruction, for example).
Manual intervention is required in order to proceed with processing.

In a properly-established file this event will not occur,.

8. If the Magnetic-Tape Control Unit is directing a searching
operation at the time another magnetic-tape instruction is issued -
with the exception of MIB and MIE instructions -~ the Computer will
wait for an "operation complete'" signal from the Magnetic~Tape
Control Unit before attempting to complete the execution of the
instruction,.

9. If a tape unit is rewinding - executing a MRW or MDA
instruction - at the time another magnetic-tape instruction is
issued - with the exception of MIB and MIE instructions - the
Computer will wait for an "operation complete" signal from the

referenced tape unit before attempting to complete the execution of

IV=50-7
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the instruction. If the rewinding instruction is MDA, manual inter-

vention is required before continuing.

10. Blank tape -~ that is, tape on which no information is re-
corded - is treated like inter-block gap.

11, The sign digit cannot be included in s partial-word scan

key. If it is, a field-overflow ALARM STOP will occur.
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Operation code: 51

Operation name: Abbreviation:
MAGNETIC-TAPE SCAN MTC
MAGNETIC-TAPE FIELD SCAN MFC

Computer time

fetech:
execute:

total:

Instruction format:

1

234567890

Tiu

hih k| Op ala'a'a

!

Definitions:

+.

hh:

Op:

aaaa.:

if + is odd, B-register address-~
modification will occur; otherwise,
there will be no such modification,

T = 4 or 5; MAGNETIC-TAPE FIELD SCAN
will be executed.

designates magnetic-tape unit.

if u is a tape storage unit, lane O

or 1 is selected according as hh is

an even or odd number;

if u is a Datafile, lane hh is selected.
specifies in which word of a block the
category code will be found. If k = O,
the tenth word of the block contains
the category code,

operation code,

address of base of location of scan key.

IV-51-2

(us):

90
160

250

9/1/57
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Description of operation:

Summarz:

Flow

+ % 4 or 5: MAGNETIC-TAPE SCAN will be executed.

Scan on unit u, in the lane specified by hh, for
the block whose category code in the k-th word is identical
with (B[aaza]:00), the scan key. When the block sought
has been found, the operation will terminate with the
head positioned to read the sought-for block.

After MAGNETIC-TAPE SCAN is initiated, it is executed
under control of the Magnetic-Tape Control Unit, independ-
ently of the Computer,.

+ = 4 or 5;: MAGNETIC-TAPE FIELD SCAN will be executed.

Scan on unit u, in the lane specified by hh, for
the block the corresponding part of whose category code in
the k~th word is identical with (Bfaaaa]:sL), the scan key.
The partial-word boundaries are defined by (rB:82) = sL.
When the block sought has been found, the operation will
terminate with the head positioned to read the sought-for
block,

After MAGNETIC-TAPE FIELD SCAN is initiated, it is
executed under control of the Magnetic-Tape Control Unit,
independently of the Computer.

chart:

See page 1V-51-6,

IV-51-3 ' 9/1/57
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Exceptional conditions:

1, Non-existent-address ALARM STOP.

2. Field-overflow ALARM STOP. The test for field overflow is
made before initiating the searching operation: if field overflow
is detected, there will be no tape movement.

3. Parity-error ALARM STOP.

4. End-of-tape ALARM STOP.

5. Not-ready ALARM STOP,

Remarks:

1. The nature of the scanning operation -~ which is different
from MTS or MFS (which see, page IV-50-5) - is defined as follows:
tape movement starts in the forward direction and continues in that
direction until one of two events occurs:

a. A block is encountered whose category code is identical
with the scan key; or
b. A control block or end-of-tape block is encountered.
In either case, the operation terminates with the head positioned to
read the block which caused the operation to ferminate.

2. Note, therefore, that both MTC and MFC can terminate without
having found a sought-for block. It is necessary, therefore, to verify
under program control that a sought-for block has been found.

3. These two operations do not require an ordered file.

4, If there is no block on tape whose category code is identical
with the scan key, and if the tape is not bounded by a control block
or end-of~tape block, the reflective strip which marks the physical
end-of-tape will be encountered after the last block has been passed.

Tape movement - and, hence, scanning - stops when the reflective strip

IV-51-4 9/1/57
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is sensed. No 'operation complete' signal is generated, however,

so the Magnetic~-Tape Control Unit will appear to be busy if a MIB
instruction is issued or if an attempt is made to use tape (by
attempting to execute a MRD instruction, for example). Manual inter-
vention is required in order to proceed with processing.

In a properly-established file, this event will not occur.

5. 1f the Magnetic-Tape Control Unit is directing a scanning
operation at the time another magnetic-tape instruction is issued -
with the exception of MIB and MIE instructions - the Computer will
wait for an "operation complete'" signal from the Magnetic-Tape Con-
trol Unit before attempting to complete the execution of the
instruction.

6. Blank tape - that is, tape on which no information is
recorded - is treated like inter-block gap.

7. The slgn digit cannot be included in a partial-word scan

key. If it is, a field-overflow ALARM STOP will occur.
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Operation name:

MAGNETIC-TAPE READ

Instruction format:

1234567890

Tluin|i|v] Op alaiala
1
Definitions:

*: if * is odd, B-register address-
modification will occur; otherwise,
there will be no such modification.

u: designates magnetic~tape unit.

n: specifies the number of blocks to
be read. n = 0 means ten blocks.

i: not relevant to the execution of
this instruction,

v: variation designator
(rC:41)/8 = 1: B-register address-

modification of
designated input will
occur,
Op: operation code.
aaaa: address of base of location in which

is written the first word read from
magnetic tape.

1V-52-2

Operation code: 52

Abbreviation:

MRD
Time (us):

fetch:
execute:

90

see discus-
sions of
timing,
pages IV~
Intro-28,1ff,

9/1/57



THE MAGNETIC-TAPE SYSTEM

Description of operation:

Summary:

Read n blocks from unit u, The lane read from is that
specified by the last instruction referring to a lane: MTS, MFS,
MRW, MDA, MLS, MTC, MFC. Words read from tape are written into
consecutively-addressed storage locations beginning with Bl[aaaa].

Words read from tape are assembled in the D register before
being sent to storage: if (rC:41)/8 = 1 and (rD:*1)/8 = 1, the
word will be B-register address-modified as it goes from the
D register to storage; at the same time, (rD:*1)/8 is set to O.

A control block is recognized as such: if a control block
is encountered during the execution of MRD, it will be sensed,
and the following events will occur:

1. Each word of the control block, except the last, will

be read and written in the storage location designated.

2. The last word of the block read from tape -~ the con-

trol word - remains in the Computer's control section
to provide information with which to terminate the
operation. The control word has the following format:
+ ii aaaa bbbb
a. The contents of the P register are preserved:
(rP) - aaaa:04. This enables the program to
determine the location of the instruction
during whose execution the control block was

encountered.

Iv-52-3 9/1/57
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b. The contents of the address part of the
C register are preserved: (rC:04) - aaaa:64.
This enables the program to determine the
location of the last word read from magnetic
tape.

¢. The address of the location of the next
instruction selected for execution - an
entry to the control routine - is trans-
ferred to the P register: B[bbbb] - rP.

After reading the control block, MRD is terminated.

An end-of-tape block is recognized as such: if an end-of-
tape block is encountered during the execution of MRD, it will
be sensed, and the following events will occur:

The control word is read from tape but remains in the
Computer's control section to provide information with which
to terminate the operation. The control word has the same
format as the control word in a control block. The transfer
of the remainder of the end-of-tape block from tape to core
storage is inhibited. The events described under 2(a), 2 (b),
and 2(c), above, occur (with obvious changes in language:
"end-of-tape" is substituted for "control").

After reading the end-of-tape block, MRD is terminated.

After termination of MRD, tape is positioned so that the
head can read the block following the one which caused the
operation to terminate.

Flow chart:

See page IV-52-7.
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Exceptional conditions:

l., Non-existent-address ALARM STOP.

2 Parity-error ALARM STOP,

3. End-of-~tape ALARM STOP.
4. Digit-count/word-count ALARM STOP.
5., Not-ready ALARM STOP.

Remarks:

1. A description of block layout can be found in the Intro-
duction to this section; see also the description of MAGNETIC-TAPE
INITIAL WRITE -~ pp, 1V-54~2, ff. - where the assignment of storage
locations is noted, as well.

2. This instruction does not read the preface word associated
with each block. 1If the preface must be read, a MAGNETIC-TAPE READ,
RECORD instruction - see pp. IV-53-2, ff. ~ must be executed.

3. Note that a MRD instruction may terminafe without having
read n blocks as specified.

4. Blapnk tape - that is, tape on which no information is
recorded - is treated like inter-block gap.

5, 1f an end-of~-tape block is also identified as a control
block - by having a 7 in the sign-digit position of the control
word - the block will invariably be recognized as end-of-tape.
When the endmof—fape block is read, however, B-register address-
modification of the control word will occur because its sign digit
is odd.

6. During the execution of MRD, the timing character pre-
ceding each word written on tape is used to verify that 11 digits

are read for each word; the preface and the end-of-block character

1V-52-5 9/1/57
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are used to verify that the correct number of words has been read,
Should there be a failure in either the digit count or the word
count during MRD, two additional attempts to eliminate the failure
will be made, automatically, under the direction of the Magnetic-Tape
Control Unit. If neither of the additional attempts succeeds, a
digit-count/word-count ALARM STOP will occur with the tape positioned
so that the read-write head can read the block in which the failure
occurred.

7. After a parity-error ALARM STOP, the read-write head is in
position to read the block in which the error was detected. The con-
tents of the block will have been read from tape and written in

storage, however.
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Operation code: 53

Operation name: Abbreviation:
MAGNETIC-TAPE READ, RECORD MRR

Instruction format: Time (us):

11234567890 fetch: 90

execute: See discus-
TiufnjijviOp [a a a a sion of timing,
' L1 pages IV-Intro-

Definitions: 28, ff.

*: if * is odd, B-register address-
modification will occur; otherwise
there will be no such modification.

u: designates magnetic~-tape unit.

n: specifies the number of blocks to
be read. n = 0 means 10 blocks.

i: not relevant to the execution of
this instruction.

v: variation designator.

(rC:41)/8 = 1: B-register address-
modification of desig-
nated input will occur.

Op: operation code.
aaaa: address of base of location in which

will be written the preface associated
with the first block read from tape.

IvV-53~2 9/1/57
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Description of operation:

Summarz:

Read n blocks from unit u, The lane read from is that

specified by the last instruction referring to a lane: MTS,
MFS, MRW, MDA, MLS, MTC, MFC, Words read from tape are written
into consecutively-addressed storage locations, the preface
associated with the first block going into B[aaaa].

Words read from tape are assembled in the D register before
being sent to storage: if (rC:41)/8 = 1, and (rD:x1)/8 = 1, the
word will be B-register address-modified as it goes from the

D register to storage; at the same time, (rD:%1)/8 is set to O,

A control block is recognized as such: if a control block
is encountered during the execution of MRR, it will be sensed,
and the following events will occur:

1. The preface and each word of the control block,

except the last, will be read and written in the
storage location designated.

2. The last word of the control bloeck read fvem tape -
the control word - remains in the Computer's control
section to provide information with which to termi-
nate the operation. The control word has the
following format: + ii aaaa bbbb
a. The contents of the P register are preserved:

(rP) - aaaa:04. This enables the program to

determine the location of the instruction during

whose execution the control block was encountered.
b. The contents of the address part of the C register

are preserved: (rC:04) - aaaa:64. This enables
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the program to determine the location of the last
word read from magnetic tape.

c. The address of the location of the next instruction
selected for execution - an entry to the control
routine - is transferred to the P register:

B[bbbb] » rP,

After reading the control block MRR is terminated.

An end-of-tape block is recognized as such: if an end-of=-
tape block is encountered during the execution of MRR, it will
be sensed, and the following events will occur:

1., The preface is read from tape and written in core

storage in the location designated,

2., The control word is read from tape but remains in the
Computer's control section to provide information with
which to terminate the operation. This control word has
the same format as the control word in a control block.
The transfer of the remainder of the end-of-tape block
from tape to core storage is inhibited. The events
described under 2 (a), 2 (b), and 2 (c), above, occur
(with obvious changes in language: "end-of-tape" is
substituted for "control').

After reading the end-of-tape block, MRR is terminated.

After termination of MRR, tape is positioned so that the
head can read the block following the one which caused the
operation to terminate.

Flow chart:

See page IV-53-7.
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Exceptional conditions:

1. Non-existent-address ALARM STOP.

2, Parity-error ALARM STOP.

3. End-of-tape ALARM STOP,

4, Digit-count/word-count ALARM STOP.

5. Not-ready ALARM STOP,

Remarks:

1. During MRR, the preface associated with each block is read
from tape and written into core storage. Otherwise, MRR and MRD are
executed in identical fashion.

2. Suppose that a preface is kk and the preface is written
in the location whose address is L. Then the first data word of the
block will be in L + 1 and the last data word in L + kk.

For example, suppose MRR says, "read three blocks; preface of
first block to be written in 0984." Suppose that the first two
blocks are 25 and 30 words long, respectively; the third block is
a control block and is 40 words long. The allocation of storage

is as shown:

Location Contents Remarks
0984 0 2500 00 0000 Preface of lst block
0985 1st word
: . first block
1009 25th word
1010 0 3000 00 0000 Preface of 2nd block
1011 ist word
. . second block
1040 30th word
1041 7 4000 00 0000 Preface and control-block
marker
1042 1st word
} . Control bhlock
1080 39th word

IV-53-5 9/1/57
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3. Note that a MRR instruction may terminate without having
read n blocks as specified.

4. Blank tape - that is, tape on which no information is re~
corded ~ is treated as if it were inter-block gap.

5. 1If an end-of-tape block is also identified as a control
block - by having a 7 in the sign-digit position of the control
word - the block will invariably be recognized as end-of-tape. When
the end-of-tape block is read, however, B-register address-modification
of the control word will occur because its sign digit is odd.

6. During the execution of MRR, the timing character preceding
each word written on tape is used to verify that 11 digits are read
for each word; the preface and the end-of-block character are used to
verify that the correct number of words has been read. Should there
be a failure in either the digit count, or the word count during MRR,
two additional attempts to eliminate the failure will be made, auto-
matically, under the direction of the Magnetic-Tape Control Unit. If
neither of the additional attempts succeeds, a digit-count/word-count
ALARM STOP will occur with the tape positioned so that the read-write
head can read the block in which the failure occurred.

7. After a parity-error ALARM STOP, the read-write head is in
position to read the block in which the error was detected. The
contents of the block will have been read from tape and written in

storage, however.
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Operation name:

MAGNETIC~TAPE INITIAL WRITE

Instruction format:

+1234567890

tiu kk|Op|a a a a
1 i [ 1
Definitions:
*: if £ is odd, B-register address-

kk:

Op:

aaaa:

modification will occur; otherwise,
there will be no such modification.

designates magnetic-tape unit.

specifies pumber of blocks to be
written. n = 0 means ten blocks.

specifies number of words in each
of the n blocks. kk = 00 means
100 words.

operation code.

address of base of location fron

which is read the first word of
the first block to be written.

I1v-54-2

Operation code: 54

Abbreviation:

MIW.
Time (us):

fetch:
execute:

90

See discussion
of timing,

pp. IV-Intro-
28, ff.
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Description of operation:

Summary:

Write -~ on newly-edited tape - on unit u; write n blocks;
each block is kk words long: the minimum-length block is ten
words; the maximum-length block is 100 words. The lane written
on is that specified by the last instruction referring to a
lane: MTS, MFS, MRW, MDA, MLS, MTC, MFC, Words written on tape
are taken from consecutively-addressed locations beginning with
Bl{aaaa].

This instruction causes the preface to be written immedi-
ately preceding the first word of the block with which the pre-
face is associated.

If magnetic end-of-tape is encountered during the execution
of MIW, the magnetic End-of-Tape Indicator will be set '"on" at
the completion of the operation.

Flow chart:

See page IV-54-6.

Exceptional conditions:

1. Non-existent-address ALARM STOP.
2. Improper-block~length ALARM STOP.
3. Not-write-status ALARM STOP.
4., End-of-tape ALARM STOP,

5. Not-ready ALARM STOP,
Remarks:

1. MIW recognizes magnetic end-of-tape, Therefore, every MIW

instruction must be followed by a MIE instruction to sense the status
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of the Magnetic End-of-Tape Indicator. The MIE instruction provides
the branch to the end-of-tape control procedure (see page IV-59.2,
££.).

2., After termination of a MIW instruction during which magnetic
end-of-tape was encountered, tape is positioned at physical end.

This fact is sensed by the MIE instruction which follows every MIW
instruction. After execution of the MIE instruction, if the next in-
struction referring to the tape unit is one which causes tape move-
ment, it must be one which causes tape to move initially in the back-
ward direction; otherwise an ALARM STOP will occur. (Admissible in-
structions are MRW, MDA, MPﬁ.)

Normally, after encountering magnetic end-of-tape, terminal
control blocks must be written to bound the file just written. Pro-
cedures for accomplishing this are described in The Handbook of
Programming and Coding Techniques.

3. MIW is one of two magnetic-tape operations which recognize
magnetic end-of~tape. The other operation is MAGNETIC--TAPE INITIAL
WRITE, RECORD.

4, It is necessary to verify, under program control, that newly-
edited tape is being used (see discussion of magnetic-tape labelling
procedures in Handbook of Programming and Coding Techniques). If
unedited tape is used with MIW - or MIR -~ there is no guarantee that
the tape will be readable, or if it is, that the information read
will be meaningful.

5, If the unit referred to by this instruction is in not-write
status - by virtue of lacking a write ring, for example ~ an ALARM

STOP will occur.
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6, To illustrate the allocation of storage, suppose a MIW in-:
struction specifies that three blocks are to be written, each 18

words long; the first word of the first block is in location 5001,

Location Contents Remarks

5001 1st word

: : First block
5618 18th'word
5019 1st word

. : Second block
5036 18th word
5037 lst word

: : Third block
5054 18th word

7. The format of a block as it appears on tape is shown on

page IV-Intro-6.
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Operation name:

MAGNETIC~TAPE INITIAL WRITE,
RECORD

Instruction format:

1234567890

*lulnii i|Opla a a a
I R S N

Definitions:

*: if * is odd, B-register address-
modification will occur; otherwise,
there will be no such modification.

u: designates magnetic-tape unit.

n: specifies the number of blocks
to be written. n = 0 means ten
blocks.

ii: not relevant to the execution of
this instruction.

Op: operation code,
aaaa: address of base of location from
which is read the first word to

be written on tape. This word
contains the preface.

IV-55-2

Operation code: b5

Abbreviation:

MIR

Time (us):

fetch: 90
execute! See discussion
of timing pages
IV-Intro-28, f£f.
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Description of operation:

Summarz:

Write -- on newly-edited tape ~- on unit u; write n blocks.

The lane ﬁritten on is that specified by the last instruction re-
ferring to a lane: MTS, MFS, MRW, MDA, MLS, MTC, MFC, Words
written on tape are taken from consecutively-addressed locations
beginning with Blaaaa].

The first word written is a preface word: (B[aaaa]:22) are
interpreted as the preface. This preface specifies how many words
in the consecutively-addressed locations following B[aaaa] are in
the first block. If more than one block is to be written, the
first word following the last word of the previous block written
will be interpreted as containing the preface of the next block to
be written.

The minimum.length block is ten words; the maximum, 100 words.

If magnetic end-of-tape is encountered during the execution of
MIR, the magnetic End-of-Tape Indicator will be set "on." The
instruction will be completed, however,

Flow chart:

See page IV-55-6,

Exceptional conditions:

1. Non-existent-address ALARM STOP
2. Improper-block-length ALARM STOP
3. Not-write-status ALARM STOP

4. End-of-tape ALARM STOP
5

. Not-ready ALARM STOP

1V-55-3 |
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Remarks:

1. MIR recognizes magnetic end-of-tape. Therefore, every MIR
instruction must be followed by a MIE instruction to sense the
status of the magnetic End-of-Tape Indicator. The MIE instruction
provides the branch to the end-of-tape control procedure (see pages
Iv-59-2, f££f.).

2. After termination of a MIR instruction during which magnetic
end-of-tape was encountered, tape is positioned at physical end.
This fact is sensed by the MIE instruction which follows every MIR
instruction, After execution of the MIE instruction, if the next
instruction referring to the tape unit is one which causes tape
movement, it must be one which causes tape to move initially in the
backward direction; otherwise, an ALARM STOP will occur. (Admissible
instructions are MRW, MDA, MPB,)

Normally, after encountering magnetic end-of-tape, terminal
control blocks must be written to bound the file just writtemn. Pro-
cedures for accomplishing this are described in the Handbook of
Programming and Coding Techniques.

3. Instruction formats for MIW and MIR are very much alike;
the formats differ in digit positions 3 and 4 which are used to
specify the preface in MIW and are noted as '"'not relevant'" for MIR.
However, even in a MIR instruction, digit positions 3 and 4 must
not contain 02, 03, 04, 05, 06, 07, 08, or 09: if one of these
configurations does appear, an improper-block-length ALARM STOP
will occur, with the read-write head positioned at its starting
position.

4. MIR is one of two magnetic-tape operations which recognize

the magnetic end-of-tape. The other operation is MAGNETIC-TAPE

INITIAL WRITE,
IV-55-4 9/1/57
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5. It is necessary to verify, under program control, that
newly-edited tape is being used (see discussion of magnetic-tape
labelling procedures in Handbook of Programming and Coding Techniques).
If unedited tape is used with MIR -- or MIW -- there is no guarantee
that the tape will be readable, or if it is, that the information
read will be meaningful.

6. If the unit referred to by this instruction is in not-write
status ~~ by virtue of lacking a write ring, for example -- an
ALARM STOP will occur,

7. To illustrate the allocation of storage, suppose a MIR
instruction specifies that three blocks are to be written, 15, 27 and
12 words long, respectively, in that order; the preface associated

with the first block is in location 5001.

Location Contents _ Remarks
5001 0 1500 00 0000 Preface of first block
5002 1st word
. . : First block
5616 15th'word
5017 Q0 2700 00 0000 Preface of second block
5018 1st word

* -

. . Second block

5044 27th word

5045 0 1200 00 0000 Preface of third block
5046 1st word

) ) Third block
5057 12th word

8. The format of a block as it appears on tape is shown on

page IV-Intro-6

IV-55-5
9/1/57
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Operation code: 56

Operation name:; Abbreviation:
MAGNETIC-TAPE OVERWRITE MOW
Instruction format: Time (ps):
+12345678920 fetch: 90
execute: See discus-
Fluln{k K|Op {a a a a sion of
! L L11 timing, pages
Definitions: IV-Intro-28
£,
+: if * is odd, B-register address-

aaaa:

modification will occur; otherwise,
there will be no such modification.

designates magnetic-tape unit.

specifies the number of blocks to
be written. n = 0 means ten blocks.

specifies number of words in each of
the n blocks. Kkk = 00 means 100 words,

operation code
address of base of location from which

is read the first word of the first
block to be written.

1V-56-2 9/1/57



THE MAGNETIC~TAPE SYSTEM

Description of operation:

Summarz:

Write n blocks on unit u; each block contains kk words; the
lane written on is that specified by the last instruction refer-
ring to a lane: MTS, MFS, MRW, MDA, MLS, MTC, MFC. Vords writ-
ten on tape are taken from consecutively-addressed locations be-
ginning with Blaaaal].

Before each block is overwritten, its preface (already on
tape) is compared with kk: the block is written if and only if
the preface and kk are identical; otherwise - except when the
block on tape is an end-of-~-tape block - a preface-mismatch ALARM
STOP occurs, with the read-write head positioned to read the
block causing the ALARM STOP,

If a preface mismatch occurs with an end-of-~tape block on
tape, the ALARM STOP will not occur. Instead, the end-of-tape
block is sensed, the control word is read from tape into the
Computer control section, and terminating procedures are begun:1

1. The contents of the P register are preserved: (rP) -»

aaaa:04. This enables the program to determine the
location of the instruction during whose execution
the end-of-tape block was encountered,

2, The contents of the address part of the C register

are preserved: (rC:04) - aaaa:64. This enables the

program to determine the location in core storage of

the last word written on tape.

1Recall that the format of the control word is * ii aaaa bbbb.

IV-56-3 9/1/57
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3. The address of the location of the next instruction
selected for execution - an entry to the end-of~tape
routine - is transferred to the P register: B[bbbb] -
rP.

After reading the end-of-tape block, MOW is terminated.

After termination of MOW, tape is positioned so that the

head can write the block following the one which caused termi-

nation.

Flow Chart

See page IV-56-5

Exceptional conditions:

1. Non-existent-address ALARM STOP,

2. Preface-mismatch ALARM STOP,

3., Parity-error ALARM STOP,

4. Not-write-status ALARM STOP,

3. End-of-tape ALARM STOP,

6. Not-ready ALARM STOP,

Remarks:

1, If the unit referred to by this instruction is in not-write
status - by virtue of lacking a write ring, for example -~ an ALARM
STOP will occur.

2, The allocation of storage is as depicted for MIVW.

3. Control hlocks are not recognized as such during the execu-
tion of a MOW instruction, |

4, Blank tape - that is, tape on which no information is re-~
corded - is treated like inter-block gap.

5, Note that a MOW instruction may terminate without having

written n blocks as specified,

IV-56-4 89/1/57
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Operation code: 57

90

See discussion
of timing,
pages
IV-Intro-28, ff.

Operation name: Abbreviation:
MAGNETIC-TAPE OVERWRITE, MOR
RECORD

Time (us):

Instruction format:

fetch:
+1234567890 execute:
+lu|n|i i|{OpJa a a a
i 1 1 1
Definitions:
¥: if * is odd, B-register address-

ii:

Op:

aaaa:

modification will occur; otherwise,
there will be no such modification.

designates magnetic-tape unit.

specifies the number of blocks to
be written, n = 0 means ten blocks,.

not relevant to the execution of
this instruction.

operation code,
address of base of location from
which is read the first word to be

written on tape. This word con-
tains the preface.

1v-57-2
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Description of operation:

Summary:

Write n blocks on unit u; the lane written on is that
specified by the last instruction referring to a lane: MTS,
MFS, MRW, MDA, MLS, MTC, MFC. Words written on tape are read
from consecutively-addressed storage locations beginning with
B{aaaa], except as noted below.

In storage the preface associated with each block is in
the location which immediately precedes the location of the
first word of the block (see description of storage alloca~
tion under MIR, page IV-55-5., For exaﬁple, (B[aaaa]:22) is
the preface associated with the block whose first word is in
B{aaaa] + 1. Before each block is overwritten, its preface
(already on tape) is compared with the preface read from
storage: the block is overwritten only if the two prefaces
are identical; otherwise - except when the block on tape is
an end-of-tape block - a preface-mismatch ALARM STOP occurs,
with the read-write head positioned to read the block causing
the ALARM STOP,

If a preface mismatch occurs with an end-of-tape block
on tape, the ALARM STOP will not occur, Instead, the end-of-
tape block is sensed, the control word is read from tape into
the Computer control section, and terminating procedures are
begun:l

1. The contents of the P register are preserved:

(rP) - aaaa:04, This enables the program to deter-

mine the location of the instruction during whose

lpecall that the format of the control word is * ii aaaa bbbb.

1V-57-3 9/1/57
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execution the end-of-tape block was encountered.

2. The contents of the address part of the C register are
preserved: (rC:04) - aaaa:64. This enables the pro-
gram to determine the location in core storage of the
last word written on tape.

3. The address of the location of the next instruction
selected for execution - an entry to the end-of-tape
routine - is transferred to the P register:

B[bbbb] - rP.
After reading the end-of-tape block, MOR is terminated.
After termination of MOR, tape is positioned so that the head
can write the block following the one which caused termination.

Flow chart:

See page 1IV-57-6

1V-57-4 9/1/57
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Exceptional conditions:

1, Non-existent-address ALARM STOP

2. Preface-mismatch ALARM STOP

3. Parity-error ALARM STOP

4. Not-write-status ALARM STOP

5. End-of-tape ALARM STOP

6. Not-ready ALARM STOP
Remarks:

1., Instruction formats for MOW and MOR are very much alike:
the formats differ in digit positions 3 and 4 which are used to
specify the preface in MOW and are noted as ''not relevant' for MOR.
However, even in a MOR instruction, digit positions 3 and 4 must
not contain 02, 03, 04, 05, 06, 07, 08, or 09: if one of these
configurations does appear, an improper-block-length ALARM STOP will
occur, with the read-write head being positioned at its starting
position.

2, If the unit referred to by this instruction is in not-
write status - by virtue of lacking a write ring, for example - an
ALARM STOP will occur,

3. The allocation of storage is as depicted for MIR.

4, Control blocks are not recognized as such during the execu-
tion of a MOR instruction.

5, Blank tape - that is, tape on which no information is re-
corded ~ is treated like interblock gap.

6. Note that a MOR instruction may terminate without having

written n blocks as specified.

I1V-37-5 9/1/57



OPERATIONAL CHARACTERISTICS OF

THE DATATRON 220

Operation name:

MAGNETIC~TAPE POSITION FORWARD
MAGNETIC-TAPE POSITION BACKWARD

MAGNETIC -TAPE POSITION AT END
OF INFORMATION

if * is odd, B register address-
modification will occur; other-

designates magnetic~tape unit.

specifies the number of blocks

to be passed. n = 0 means ten

not relevant to the execution of

v = 0: MAGNETIC-TAPE POSITION
FORWARD will be executed.

v = 1: MAGNETIC-TAPE PQSITION
BACKWARD will be executed.

v = 2: MAGNETIC-TAPE POSITION
AT END OF INFORMATION will

Instruction format:
+12345678920
TluinfijviOpJi i i i

11

Definitions:

*:
wise, there will be no such
modification.
u;
n:
blocks.
i,
iiii: these instructions.
v: variation designator.
be executed.
Op: operation code.

IV-58~2

Overation code: 58

Abbreviation:

MPF
MPB

MPE

Computer time (us):

fetch: 90
execute:
total:

Also see discussion of
timing, pages IV=Intro-

28, £f.
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THE MAGNETIC-TAPE SYSTEM

Description of operation:

Summarz:
v = Q: MAGNETIC-TAPE POSITION FORWARD will be executed.

Move tape on unit u in the forward direction until n
blocks have been passed. The lane in which counting is done is
the lane referred to by the last instruction referring to a
lane: MTS, MFS, MRW, MDA, MLS, MTC, MFC.

Control blocks and end-of-tape blocks are counted and
passed without recognition of their control function.

After completion of MPF, the tape is positioned so that
the read-write head can read or overwrite the block following
the last block passed.

v = 1l: MAGNETIC-TAPE POSITION BACKWARD will be executed.

Except that tape is moved in the opposite direction, this
variation is identical with that specified by v = 0,

After completion of MPB, the tape is positioned to permit
reading the last block passed.

Vv = 2: MAGNETIC-TAPE POSITION AT END OF INFORMATION will

be executed.

Tape movement begins in the forward direction, and continues
until a blank area longer than inter-~block gap is sensed, at
which time the direction of tape movement is reversed. Tape is
then moved in the backward direction until a block is sensed,
at which time tape movement stops with the head in posgition to
(initial) write a block following the one which caused the
operation to terminate.

Flow chart:

See page 1IV-58-5

IV-58-3 9/1/57
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Exceptional conditions:

1. End-of-tape ALABRM STOP

2. Not-ready ALARM STOP
Remarks:

1, If v # 1 or 2, the MAGNETIC-TAPE POSITION FORWARD variation
will be executed,

2. Both MPB and MPF treat blank tape -~ that is, tape on which
no information is recorded -~ like inter-block gap. MPE, on the
other hand, recognizes blank tape uniquely as described above,

3. PFor purposes of counting blocks during execution of a MPF
or MPB instruction, preface words are used to indicate that a block
is being passed. Thus, for example, when six preface words have been
sensed, the Magnetic-Tape Control Unit is "aware' that six blocks
have been passed.

4, If the reflective sirip which marks the physical end-of-tape
is encountered during the execution of a MPF instruction, no
"operation complete' signal will be generated. So, the Magnetic-Tape
Control Unit will appear to be busy if a MIB instruction is issued
or if an attempt is made to use the tape unit (by attempting to
execute a MRD instruction, for example). Manual intervention is re-
quired in order to proceed with processing.

Similar remarks apply to the situation which results when the
reflective strip which marks the physical beginning-of-tape is en-

countered during the execution of a MPB instruction.

IV-58-4 9/1/57
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Operation name:

MAGNETIC-TAPE INTERROGATE,

BRANCH

MAGNETIC-TAPE INTERROGATE
END OF TAPE, BRANCH

Instruction format:

+ 1234567890

+ i i '
*lu 111 v Op a'alala‘
Definitions:

t: if + is odd, B-register address-
modification will ocecur; otherwise,
there will be no such modification.

u: designates magnetic-tape unit.

ii: not relevant to the execution of
these instructions.

v: variation designator:

v = 0: MAGNETIC-TAPE INTERROGATE,
BRANCH will be executed,
v = 1: MAGNETIC-TAPE INTERROGATE
END OF TAPE, BRANCH will be
executed,
Op: operation code,
aaaa: address of base of location of

alternate instruction.

Iv-59-2

Operation code: 59

Abbreviation:
MIB
MIE
Time (us):
No branch:
fetch: 90
execute: 15
total:T05
Branch:
fetch: 90
execute: 35
total: 125
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Description of operation:

Summary:
v_= 0: MAGNETIC-TAPE INTERROGATE, BRANCH will be executed.
If unit u is ready, transfer control to Bf{aaaal], i.e., pre-~
pare to take the next instruction from B[aaaa]; otherwise,
control continues in sequence.

v = 1: MAGNETIC-TAPE INTERROGATE END-OF-TAPE, BRANCH will be
executed.

If the magnetic End-of-Tape Indicator is "on', transfer

control to Blaaaa]; otherwise, control continues in sequence.

Flow chart:

See page IV-59-4

Exceptional conditions:

1, Not-ready ALARM STOP
Remarks:

1. If v # 1, the MAGNETIC-~-TAPE INTERROGATE, BRANCH variation
will be executed,

2, Because operations independent of both tape-control unit
and Computer (i.e., MRW, MDA) as well as operations independent only
of the Computer (e.g., MTS) can be in process, it is necessary to

distinguish four cases for MIB. These are shown in the table below,

Status of Status of
tape - control tape - storage Branch?

unit unit
Ready Ready Yes
Ready Not ready No

Not ready Ready No

Not ready Not ready No

IVv-59-3
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THE PAPER~-TAPE SYSTEM

Introduction

Paper-tape input and output facilities are provided by
means of photo-electric readers and punches. Interchangeable
with the latter are character-at-time printers (physically
and functionally these printers are identical with the super-
visory printer). Each of the printers is capable of being
driven off line by a mechanical reader which may be attached
to it.

The Photo-electric Reader

The paper-~tape reader used by the DATATRON 220 reads
seven-channel single-frame paper. The code is shown in
Appendix 3. The code is of the odd-parity type: provision
is made for the detection of parity errors; in case a parity
error is detected a parity-error ALARM STOP will occur,

When reading in the numeric mode, the appearance of a
code for a non-numeric character -~ the letter "A", for example -~
will be detected as an error and an inadmissible~character
ALARM STOP will occur,

The photo-electric reader utilizes two sizes of single-
flange plastic reels: a five-and-one-half-inch reel which
holds 350 feet of tape, and a seven-inch reel which holds 700
feet of tape. Tape is moved at the rate of 100 inches per
second. Since information is punched ten characters per inch,
the transfer rate is 1000 characters per second,

Start time is less than five milliseconds. The reader will
stop on the stop character, That is, the reader will stop with

the last character read still under the reading head.

V~Intro-1 9/1/57
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As many as ten photo-electric readers may be included in a
DATATRON 220 system. Selection of a particular reader is under
program control, In case the reader called for is inoperative,

a not-ready ALARM STOP will occur.

V-Intro-2 9/1/57



THE PAPER-TAPE SYSTEM

Word format

Provision is made in the order structure for reading informa-
tion with the sign digit punched first -- this is normal format --
as well as information with the sign digit punched last -- this is
inverse format.

A word, as it is punched on paper tape, is defined to be the
information bounded by two end-of-word characters (except for the
first word, which does not have an end-of-word character preceding
it). As each character is read from paper tape it is transferred
to rD:01, shifting the contents of the D register one place to the
left and causing the content of rD: +1 to bhe lost, i.e., the sign
digit is shifted out of the D register.

In normal format, the sign digit is the first character of
the word on paper tape; in inverse format, the sign digit is the
character immediately preceding the end-of-word character,

Alphanumeric words are distinguished both on paper tape and
in the computer by having the symbol "2" punched as the sign digit.
The recognition of this character causes automatic translation of
the single-frame alphanumeric characters in the word into the two-

1

decimal-digit DATATRON code. The sign digit is read and translated

as a "2", (the digit 2 being used internally by the DATATRON to flag

alphanumeric words.)

When reading inverse format, however, alphanumeric transla-
tion is not possible, because the sign digit is the last charac-

ter sensed as the word is read. After the word in inverse

1 Of course, when alphanumeric words are read and translated, the
contents of the D register are shifted twice for each character read,
once when the "zone" part of the character is sent to rD:0l from the
decoding matrix, and a second time when the 'numeric" part is sent
to rD:01,
10/18/57
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format has been read, the contents of the D register are permited
so that the sign of the word is in its proper position. The sign
digit is then checked; if it is 2 -~ indicating that the word is
sﬁpposed to be alphanumeric-- an alphanumeric-sign ALARM STOP
will occur,

The appearance of any numeric digit in the sign-~digit position
of a word on paper tape will cause the word to be translated
numerically, Certain of the numeric digits, namely 6, 7, 8, and
9, in the sign-digit position are used for control purposes,
Generally speaking, a 6 or 7 indicates that the word is to go to
the C register, instead of to storage, without or with B register
address-modification, respectively; an 8 or 9 in the sign-digit
position indicates that the word is to be B register address-
modified as it goes to storage., It is possible, it should be
noted, to read from paper tape a word with any digit in the sign
position, and to store that word exactly as it appeared on tape.

The reader is referred to the Execute Phase description of
each input instruction for an explicit and detailed specification
of sign-digit control, Except as noted in those specifications,
the sign digits are read and translated exactly as they are

punched in tape.

Instructions

There are two instructions for reading information in normal
format. The first of these, PAPER-~-TAPE READ (see pages V-03-2,ff.),
specifies that a fixed number of words (from 1 te 100) shall be
read, However, the instruction may be coded to permit overriding
of this specification: when so coded, the instruction says, in
effect, '"Read nn words, unless a control word is encountered,
in which case terminate the reading operation.”

V-Intro-4 9/1/57
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The second instruction for reading information in normal
format, PAPER-TAPE READ, BRANCH (see pages V-04-2, ff.), causes
information to be read until a control word is encountered. The
control word causes the reading operation to terminate.

There is one instruction for reading information in inverse
format, namely, PAPER-TAPE READ, INVERSE FORMAT (see pages V-05-2,
£f£.). This instruction specifies that a fixed number of words -
from one to 100 - shall be read unless a control word is encountered,
The control word causes the reading operation to terminate, With
this instruction it is not possible to read into storage a word
with a 2, 6, or 7 in the sign-digit position. (The reader is
reminded that a 2 in the sign-digit position causes an alphanumeric-
sign ALARM STOP,)

The control word mentioned in the preceding paragraphs is
a word flagged with a 6 or 7 in the sign-digit position. The
detection of such a word terminates the instruction being executed,
disconnects the reader, and causes preparations to be made for
transferring the word to the C register for execution, The
reading operation stops with the control word in the information
buffer register, after which control is transferred to the Fetch
Phase circuits. During the Fetch Phase -~ which see, pages
Ii-Intro-14 -~ the control word is taken from the IB register to
the C register -- without B register address-modification if the
sign digit is 6, with such modification if the sign digit is 7 ~-
where it is regarded as an instruction., This is to say that a

control word must be an instruction,

V-Intro-5 9/1/57
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The Paper-~Tape Punch

The paper-tape punch used by the DATATRON 220 punches seven-
channel single-frame tape at the rate of 60 characters per second.
That is to say, it punches tape which can be used for input to a
DATATRON 220 System, However, it punches tape in normal format,
automatically supplying the end-of-word character after the last
character has been punched.

As many as ten paper-tape punches may be included in a DATATRON
220 system. Selection of a particular punch is under program control,
In case the punch called for is inoperative, a not-ready ALARM STOP
will occur.

Alphanumeric words - which are flagged internally with a 2 in
the sign-digit position - are translated automatically to the single-
frame code for punching in tape. The digit "2" - which also
identifies the word in tape as alphanumeric - is punched as a "2'".

Provision exists for the suppression of alphanumeric trans-
lation, in which case the contents of the word are punched as i1
decimal digits.

There is also provision for the suppression of highworder
zeros. This feature is provided by the SUPPRESS LEADING ZEROS
switch on the Control Console., When the SUPPRESS LEADING ZEROS
switch is "on", the punching of zeros preceding the first non-
zero digit in the word will be suppressed. This means that no

zeros will be suppressed if the sign digit is different from O.

V-Intro-6 10/18/57
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?he Printer

In place of any paper-tape punch there may be substituted
a character-at-a-time printer., Naturally, this printer is logi-
cally equivalent to the punch which it replaces. The printer
is physically and functionally identical with the supervisory
priuter described in Section II1I.

The reader is referred to Section IIl for a description
of the printer.

The Mechanical Reader

Any printer -~ including the supervisory printer - in a
DATATRON 220 System may have attached to it a mechanical reader
which is capable of reading DATATRON 220 paper tape. The reader
provides off-line facilities for printing the contents of paper
tape at the printer's rate of 10 characters per second.

Except for its ability to check for parity errors, the
mechanical reader and its circuits are logically equivalent to
the computer's circuits when the printer is driven on line,

Information flow

The general nature of information flow during input and
output was discussed in Section 1I1I. In some details, however,
the actual flow of information is different from that indicated in
Section 1I. For this reason, the flow of information is described
again below.

Input flow

Input flow is shown in figure V-Intro-1.
1, The address part of the C register - which specifies

the location in storage where the next word read from paper tape

V-Intro-7 9/1/57
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is to be stored -~ is transferred to the E register. At the same
time, the address part of the C register is counted up 1,

2. The word is read from paper tape through the translator
and into the D register,

3. a. If the instruction is PRI, the contents of the D
register are permuted so that the sign is in its normal position.

b. The contents of the D register are then sent to the
information buffer register, with or without B register address
modification as specified and indicated, after which the D register
is cleared.

4. a. If the word is to go to storage, the contents of the
information buffer register are stored in the location whose
address is in the E register.

b. If the word is to go to the C register, the reader
is disconnected, and preparations are made to enter the Fetch
Phase, during which the contents of the information buffer register
are transferred, with or without B register address modification
as indicated, to the C register, where the word is regarded as
an instruction, |

I1f the instruction has not been terminated, there is a

return to step 1 for the next word,

V-Intro-8 9/1/57



6-0X1UT~A

LG/1/6

@
Reader —)1

Translator

@

+ 1234567890

-

@

I

I
|
o :
D register Information buffer |
register
—Jx D)
r |
| 1234567890
G z d -
| =3
| Adder | ' l
e UL @
B Storage
register @ :
I C register
{ +
l 1234567890 (D)
b

-

UL

E
register

NALSAS HIVI~-¥AdVd THIL



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Output flow

Output flow is shown in figure V-Intro-2,

1, The address part of the C register — which specifies
the location in storage from which the next word to be written
will be taken — is transferred to the E register. At the same
time, the address part of the C register is counted up 1.

2. The word is transferred from storage to the information
buffer register.

3. The contents of the information buffer register are
transferred to the D register.

4, a. The contents of the D register are permuted so that
the (rD:%l1) appear in rD:01.
b. The contents of rD:01 pass through the adder to the
translator and thence to the printer or punch,
4a, and 4b., are repeated until the entire word has
been printed or punched.

If the instruction has not terminated, there is a return to

step 1 for the next word,

Exceptional Conditions

Following is a list defining exceptional conditions which
can occur and are detected, In addition to those enumerated
below, a non-existent-address ALARM STOP — which was defined

in Section I1II — can occur.

V-Intro-10 9/1/57
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

1. The seven-~channel code uses an odd-parity check, When-
ever a character is sensed which has an even number of channels
punched, the fact is signaled by a parity-error ALARM STOP,

2. The detection of a code for a non-numeric character
when reading in the numeric mode is signaled by an inadmissible-
character ALARM STOP,

3. VWhen executing PAPER-TAPE READ, INVERSE FORMAT, the
appearance in the sign-digit position of a "2" is detected and
an alphanumeric~sign ALARM STOP occurs,

4, If the input or output unit designated by the instruction

is inoperative, a not-ready ALARM STOP will occur.

V-Intro-12 9/1/57
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Operation code: 03

Operation name: PAPER-TAPE READ Abbreviation: PRD
Instruction formats Time (),ls )
+1234567890 fetchs 90
executes reader speed
*luin niv (%p aaaa totals reader speed
Definitions:
+1 if + is odd, Beregister address=

modification will occurj otherwise,
there will be no such modification,

ut designates paper~tape reader unit,

nns specifies the number of words to be
read, nn = 00 means 100 words,

v variation designator:

v = 1t specified word goes to C
register for executiong
reader is turned off,

v = 8, 9¢ specified input will be
B=register addresse
nodified,

Ops operation code,

aaaat address of base of location into which
is written first word read from paper

tape,

Va03=2 9/1/57



THE PAPER-TAPE SYSTEM

Description of operation:

Summarz:

v # 13

Read nn words from unit p into consecutively-addressed locations
beginning with B[aaaa),

Read nn words, or until a word with sign digit equal to 6 or 7 is
encountered, from unit u into consecutively-addressed locations beginn=
ing with B[aaad]. An input word with sign digit equal to 6 or 7 goes
to the C register, without or with Bmregister address=-modification,
respectively, for immediate execution; the reader is turned off,

Input sign~-control:

If the one=bit of v is equal to 1:

a. If the input sign digit is 6, the word goes to rC for immediate
execution; the reader is turned off,

b, If the input sign digit is 7, the word goes to zC, with Bw
register address=modification, for immediate execution; the
reader is turned off,

If the eight~bit of v is equal to It

a, If the input sign digit is 8, the word is Beregister address=-
modified; the sign goes into the specified storage location
as 0,

b, If the input sign digit is 9, the word is B-register addressw
modifieds the sign goes into the specified storage location
as 1,

PFlow chart:

See page V=03=4,

V-03-3 9/1/57



— OPERATYONAL CHARACTERISTICS OF THE DATATRON 220

Description of Operation:

Flow Chart:
©
V-03-6 (i) Clear rE, riIB,
(: Clear rD.
(rC:04) -» rE.
(rC:04) + 1 » rC:04,
Not ready Ready
ALARM STOP
Parity-error, Sense first
Inadmissible character character
ALARM STOP I
Not end | End of
of word ] word
| @)
Vid3-6
(: Character read
- rD: %1
Set switch i
- Set switch for
for numeric (rD:£1) # 2 (rD:%1) = 2 alphanumeric
translation translation
C) (rD:%1) - rD:01
(rD:01) » rD:91
(rD:11) - rD:+1
@2203—5
Parity-error, ' Sense next
Inadmissible character character
ALARM STOP

éV-OS-S

V-03-4 9/1/57



THE PAPER-TAPE SYSTEM

Flow chart (continued):

V-03-4
Not end End of
of word word

@ V-03-6
Numeric Alphanumeric
translation | translation
C Character read é) Translated "“"zone”
-+ rD:xl -+ rD:*]

CP (rD:%1) -» rD:01 C) (rD:*1) -» rD:01
(rD:01) - rD:91 (rD:01) » rD:91
(rD:11) -» rD:*1 (rD:11) » rD:*1

C) Translated "numeric'

CB) V-03-4 + rD:+1

C) (rD:+1) - rD:01
(rD:01) » rp:91
(rD:11) » rD:x1
@ vV-03-4
V-03-5 9/1/57




OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Flow chart (continued):

©
Q

V-03-4
V-03-5

(rC:32)-1 -» rC
(tally)

(rC:41)/8 = 1
(rD:+1)/8 = 1

(rD:x1)/2 = 1
(rD:¥1)/4 = 1
(rC:41)/1 = 1

C) (rD: 04) - rIB:04

C) (rD:67) » riIB:67

Word » storage
without B-regi
address modifi

ster
cation

(:P Stop reader

C) Set up to

enter Fetch
Cycle at

.

(é) IlI-Intro-15

(riB) ~»
((rE))

;32

Word - storage
with B-register
address-modification.

Set (rb:*x1)/8 = 0

(rD:04)+(rB) » rIB:04

Turn off carry indicator

(rD:67) -» rIB:67

Non-existent-address
ALARM STQOP

(rC:32) =

00[(rC:32) # 00

@ V-03-4

Operation complete.

V-03-6
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THE PAPLR~TAPE SYSTEM

Exceptional conditions:

1. Non-existent-address ALARM STOP.
2. Parity-error ALARM STOP.
3. Inadmissible-character ALARM STOP,
4, Not~ready ALARM STOP.

Remarks:

1.

Register statuss

Register Contents af ter Contents after execution

name execution of PRD; with override of nn,

no override of nn.
A Unchanged Unchanged
R " "
D Last word read Last word read,
B Unchanged Unchanged
P (rP)y, + 1 (tP)y + 1
c uO'OVOlBB[}aaajonn* ul* *|yjo 3[* * *

Pl AT , 1 1 [ |

B Bl:aaaa:[-rnn-l* * * *

* nn=00, add 100, * ko k ok k% &k &k ¥ See description

of operation,

V-03-7 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register Contents if non=existent=
name address ALARM STOP occurs
A Unchanged
R "

D Last word read,

B Unchanged

P (rl’)b + 1

c u % V|0, 3N ¥ Ay

B address causing ALARM SICP,

** an minus number of words read,

Wt Sums address causing ALARM STOP + 1

v-03~8

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: PAPRR=-TAPE READ, BRANCH

Instruction format:

+1234567890

ut

i1

v

aaaat

* u-ili v olp aaaa
Definitions:
+1 if + is odd, Beregister address

mnodification will occurj otherwise,
there will be no such modification,

designates paper=tape reader unit,

not relevant to the execution of
this instruction,

variation designator:

vm 8, 9t specified input will be

T Beregister addressemodi~
fj.Edo

v a( no Beregister address
modification of input,

operation code,

address of base of location into
which i3 written first word read from

paper tape,

V=04=2

Operation coder 04

Abbrevistions  PRB

Time Sys)l

fetchs %0
executet reader speed
totalt reader speed

8/1/57



THE PAPER=TAPE SYSTEM

Description of operationt

Summarys

Read from unit u, into consecutively=addressed locations beginning with
B{aaada], until a word with sign-digit equal to 6 or 7 is encountered, An
input word with the sign digit equal to 6 or 7 goes to the C register,
without or with Beregister address-modification, respectively, for immediate
executiony the reader is turned off,

Input signecontrols

a, If the input sign digit is 6, the word goes to rC for immediate
execution; the reader is turned off,

b, If the input sign digit is 7, the word goes to rC, with B-register
address modification, for immediate executioni the reader is turned
off,

c. If the eight=bit of v is equal to 1l
1, If the input sign digit is 8, the word is B=register address~
modif ied; the sign goes into the specified storage location as
0,
2. If the input sign digit is 9, the word is Beregister address=

modified; the sign goes into the specified storage location as
1,

Flow chart:

See page V=04~4,

V043 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Description of Operation:
Flow chart:

-(§>4§~04-6

Not-ready
ALARM STOP

C) Clear rE, rlIB.

(:) Clear rD.

(rC:04) - rE.
(rC:04)+1 > rC: 04

Ready

Parity-error,
Inadmissible character

Sense first

character
ALARM STOP
Not
end of | fgngf
word
(: Character read
» rD: %1
Set switch Set switch for
for numeric | (rD:%1) = 2 (rD:¥1) = 2 alphanumeric
translation translation

@ v-04-5

(:) (rD:£1) » rD:01
(rD:01) ~» rD:91

(rD:11) -» rD:%1

Parity-error,
Inadmissible character
ALARM STOP

Sense next
character

V-04-4 d\)

&)

V-~-04-6



THE PAPER-TAPE SYSTEM

Flow chart (continued):

(:) V-04-4

|

O

O

Not end ' End of

of word word
Numeric Alphanumeric
translation translation

Character read
<> rD:*1

(rD:*1) -» rD:01

(rD:01) ~» rD:91

-

-

(rD:11) » rD:%1

V-04~-4

V-04-5

Translated "zone"
> rD:¥1

(rD:x1) » rD:01
(rD:01) -» rD:91

(rD:11) -» rD:x1

Translated "numeric"

> rD:%1

(rD:*x1) -» rD:01
(rD:01) -» rD:91

(rD:11) » rD: %1

V-04-4

9/1/57
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Flow chart (continued):

~~
]
Q
1-%
i
~
~
o
It 1t

Word » storage
with B-register
address-modification

(:> (rD:04) -» rIB:04 (i)

<:> (rD:67) -» riIB:67

Word - storage
.+ -
Eig Ii;ji - 1[ without B-register
- _ address-modificatio

(riB) -
((rE))

(i) Stop reader

C) Set up to enter
Fetch Cycle
of

(§) II-Intro-15

V-04-6

V-04-4

Set (rD:%1)/8 = 0

(rD: 04)+(rB) » rIB:04

Turn off carry indicator,

(rD:67) » rIB:67

Non-existent-address
ALARM STOP.

9/1/57



THE PAPER-TAPE SYSTEM

Exceptional conditions:

1. Non-existent-address ALARM STOP,.
2, Parity-error ALARM STOP.
3. Inadmissible-character ALARM STOP,
4, Not-ready ALARM .STOP.

Remarks:

Register status:

Register Contents af ter execution Contents after non~existent-

name of PRB address ALARM STOP,

A Unchanged Unchanged

n " "

D Last word read, lLast word read

B Yncheanged Unchanged

P (rp)b + 1 (rP)b + 1
* h ok ok * &k * *

c u ili v 014 o u 1li v Ol{ ot

B Address of last location filled. | Address causing ALARM STOP,

*kkk Sumy address of last loca=
tion filled + 1,

V-04-7

*%%% Sumg address causing
ALARM STOP + 1,

9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: PAPER~TAPE READ, INVERSE

FORMAT

Instruction format:

1234567890

t u

nnivl Qpiaa ;aa

!

Definitions:

Op:

aaaa.

if ¥ is odd, B-register address-
modification will occur; other-
wigse, there will be no such
modification.

designates paper-tape reader unit.

specifies the number of words to
be read. nn=00 means 100 words.

variation designator:

(rc:41)/8=1: specifies input going
to storage will be
B-register address-
modified.

operation code.

address of base of location into

which is written first word read
from paper tape.

v=8_or 9: designated input will
be B-register address-modified,

V-05-2

Operation code: 05
Abbreviation: PRI
Time (ps):

fetch: 90

execute: reader speed

total: reader speed

9/1/57



THE PAPER-TAPE SYSTEM

Deascription of opesration:

Summary:

Read nn words, or until a word with sign digit equal to 6 or 7 is
encountered, from unit u into consecutively-addressed locations beginning

with B[aaad).

An input word with sipn dipit equal to 6 or 7 goes to the

C register, without or with B-register address-modification, respectively,
for immediate execution; the reader is turned off.

Input

sign~controlt

a,

b,

If the input sien digit 1s 6, the word goes to rC for immediate
exscution; the reader is turned off.

If the input sien digit is 7, the word goes to rC, with B-register
address-modification, for immediate executionj the reader is turned

off.

If the eight=bit of v is equal to 11

1,

2

Flow charts
Ses page V-05-L.

If the input sign digit is 8, the word is B-register address-
modified; the sign goes into the specified storage location as

0.
If the input sign digit is 9, the word is B-register address-

modified; the sign goes into the specified astorage location as
1.

V-05-3 9/1/57



.OPERATIONAL CHARACTERISTICS OF THE DATATRON 220Q

Description of operation:

Flow Chart:

Clear rE, rlIB,
O

Clear rD.
(xC:04) -» rE,
(rC:04) + 1 » rC:04,

B
(:%-05-5
~
O
Not-ready[
ALARM STOP

=

Ready

Parity-error,

Sense next

Inadmissible character character
ALARM STOP
Not end End of
of word word

™

Va
/

Character read
> prD:t1.

\\-(rD:il) < rD:01,
J (rD:01) » rD:91.

Yy

(rD:ll)'e rD:x1

V-05-4

(. (rD:01) - rD:#1
(rD:91) » rD:01.

(rD:x1) -» rD:11,

Alphanumeric-
(rD:X1) # 2 (I‘D;il) = 2 sign

ALARM STOP

(&) v-05-5

9/1/57



THE PAPER~TAPE SYSTEM

Flow Chart (Continued):

V-05-4

(rC:32) =1 » rC:32

(tally)
(rC:41)/8 = 1| Word <+ storage with
(rD:+1)/8 = 1! B-register address-

modification.

Cb (rD:04) - riIB:04

Set (rD:%1)/8 =D

(rD:04) + (rB) < rIB:04

(rD:67) -» riIB:67

(rD:x1)/2
(rD:+1)/4

1
1

Turn off carry indicator

Word + storage with- )
out B-register (rD:67) -+ rIB:67
address modification. |

Stop reader

Set up to
enter fetch

(§§CI6 at

II-Intro-~l1l5

(riB) =» Non-existent-address
((rE)) ALARM STOP

(rC:32) = 0% (rC:32) # 00

V-05-4
Operation complete

V-05-3 9/1/57



- _OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Exceptional conditions:

1. Non-existent-address ALARM STOP.
2. Parity-error ALARM STOP.
3. Inadmissible~character ALARM STOP
4, Alphanumeric-sign ALARM STOP,
5. Not-ready ALARM STOP,

Remarks:
1.

Because the sign digit is read last, alphanumeric translation is
not possible.

V-05-6

9/1/57



THE PAPER-TAPE SYSTEM

Register status:

Register Contents after execution Contents after
name of PRI , no override execution with override of nn,
of nn,
A Unchanged Unchanged
R " "
D Last word read Last word read
B Unchanged Unchanged
P (I’P)b"' 1 (IP)b"‘ 1
o] u|0 0|v|0 5/B[aaaa] + nn* ulk *{vjo 5|* * % &
! 1 'y I L L |
E Blaaad] + m = 1* * ok
* If nn=00, add 100, Xk k ok kkhk See

deécripfion of operation,

Register Contents if non-existent-
nane address ALARM STOP occurs.
A Unchanged
R "
D last word read
B Unchanged
P (£P)y, + 1
C lu * k| v|O Sk k x *
) L I 1
E Address causing ALARM STOP

** nn minus number of words read,
*kk Sumt address causing ALARM
STOP + 1,

V-05-7 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name: PAPER~TAPE WRITE

Instruction formats

+$123456789090
+uinnlfi|Op/a a aa
= 1 I Y B
Definitionss

+1

ui

aanaal

if + is odd, B-register address=
modification will occury otherwise,
there will be no such modification,

designates paper=tape punch unit,

specifies number of words to be
punched, nn=00 means 100 words,

not relevant to the execution of
this instruction,

operation code

address of base of location from
which is read first word to be
punched

V=062

Operation code: 06

Abbreviation: PWR

Time (ps):

fetch: 90
execute: punch or printer speed
total: punch or printer speed

9/1/57



THE PAPER-TAPE SYSTEM

Description of operation:

Summarz:

Write nn words on unit u, taking the words from consecutively-addressed
locations beginning with B[aaaa?.

Flow Chart:

See page V-06-4,

Exceptional Conditions:

1. Non-existent-address ALARM STOP,
2., Not-ready alarm stop.

Remarks:

1. Alphanumeric translation may be suppressed by setting the ALPHA
SUPPRESS switch on the writing unit to "on."

2, The writing of leading zeros may be suppressed by setting the ZERO
SUPPRESS switch on the writing unit to "on."

V-06-3 9/1/57



Flow Chart:

©

h 4

V-06-5
Clear rE, riIB,
Not-ready l
ALARM STOP ! Ready
o
&P (rC:04:) > rE.
(rC:32) -1 -» rC:32.
Non-existent-
address ALARM ({rE)) = riB.
STOP
(rIB) - rD
(rD:1) # 2. [{(rD:X1) = 2
(numeric) (alphanumeric)

ALPHA SUPPRESS

ALPHA SUPPRESS

(rD:x1) - rD:01
(rD:11) = rD:%1

(rD:01) -» rD:91

C) VWrite (rD:01)

Hon!l l!offl'l
11
times

b

(E) V-06-5

V-06-4

(rD:%1) - rD:01
(rD:11) - rD:x1

(rD:01) -» rD:91

Write (rD:01)
(sign-digit of
word)

V-06-5

9/1/57



THE PAPER-TAPE SYSTEM

Flow Chart (Continued):

®) v-06-4
=

C {rD:*1) -» rD:01
(rD:11) -» rD;*1

(rD:Ol)'+ rD: 91

("zone")

q (rD:01) - encoder

times

C) (rD:%x1) -+ rD:01
(rD:11) - rD:*1

(rD:01) - rD:91

g (rD:01) - encoder
("numeric™)

V-06~-4 e
Write end-of-word
character.,

(rC:32) =0 (rC:32) # 0 ’

(O (xc:08) + 1 > rC:04

(:) Operation complete

@ V-06-4

V-06-5 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status:

Register Contents after execution Contents if non-existent-
name of PWR. address ALARM STOP occurs.
A Unchanged Unchanged
R " "
D Last word punched Last word punched
B Unchanged Unchanged
P (rP)b + 1 (I‘P)b + 1
c ul0 0|i[0 6|B[aaad] + nn* ul* *| 410 6{* * * *
{ ¢ L1 | i ||
B B[aaad] + nn = 1¥ Address causing ALARM STOP,

* if nn=00, add 100.

V-06-6

** nn minus number of words punched

*xdk Sums address causing ALARM
STOP + 1,

9/1/57



OPERATIONAL CHARACTBRISTICS OF THE DATATRON 220

Operation namet PAPER~TAPE WRITE,

INTERROGATE, BRANCH

Instruction format:

+1234567890

+(ujd 1li Qp azaaa

Definitions:

*3

us

iiis

azaa

if + is odd, Beregister address=
modification will occurs otherwise,
there will be no such modification,
designates paper-tape punch unit,

not relevant to the execution of
this instruction,

operation code,

address of base of location of
altemate instruction,

Ve=07=2

Operation codey 07

Abbreviationt PWI

Time ().15):

No branchi
fetchy 90
executer _15
totals 105

Branch
fetch: 90

executes 35
totaly 125

9/1/57



THE PAPER-TAPE SYSTEM

Description of operationt

Summarys

1f unit u is ready, transfer control to Blaaaa], i.e., prepare {o
take the next instruction from B[aaaa]. Otherwise, control continues

in sequence.

Flow chart:

Clear rE, rlIB,

Unit u is Unit u is
ready. not ready.

(l) (£C104) = B[Raad) —» rP,

Operation complete

Bxceptional conditions:

Remarks:

V-07-3 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Register status:

Register Contents after execution
name of PWI
A Unchanged
R L]}
D 1uili|i 0|7 a[a|ala.
B Unchanged
P (rP), + 1, if no branch
B [aaad) , if branch
cC u{i i 1|0 7|B[anaa)
[ | P4
B Cleared

Ve07w4

9/1/57



THE CARDATRON SYSTEM

INTRODUCTION

The Cardatron is a device by means of which relatively slow
card-handling machines and the high-speed DATATRON 220 Data Processor
are coupled. This purpose is accomplished by interposing a buffer
between the card-handling mechanism and the Data Processor. The
Data Processor communicates only with the buffer; the card-handling
mechanism communicates only with the buffer. It is the purpose of
this section to describe this communication system, in which any
combination of up to seven input and output card-handling machines

may be used.

Independently of Data Processor contrel, each card-handling
machine can communicate with the buffer in the Input or Output Unit
to which it is attached; hence, the several card-handling machines
may be operating simultaneously. Whereas the information transfer
rate of the IBM 089, for example, is not more than approximately
320 alphanumeric characters per second, the information transfer
rate of the buffer--when it is communicating with the Data Processor--
is approximately 44,000 digits per second, including access time.

The Cardatron clock rate is actually 115,000 cycles per second.

The second distinctive feature of the Cardatron is its editing
ability, which complements the editing and format control facilities
of the control panel on the card-handling machine. On the input
side, for example, each card can select one from among six different
editihg modes--five of them under program control--which not only
edit the contents ¢of the card in a variety of different ways but

also automatically translate information into Data Processor code;

Vi-Intro-1 7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

the contents of a card may be expanded to occupy selected portions

of as many as 28 Data Processor locations.

Figure VI-Intro-1 shows the organization of a Cardatron system

as well as the flow of information.

//, Input
Card-handling l—wd Unit e _——
Machine (Buffer)
DATATRON
Cardatron 220
Control Data
Processor
Card-handling le—| Opofyt o -
Machine (Buffer)

Figure VI-Intro-1

Block diagram of Cardatron system organization,

INPUT

THE INPUT UNIT

The Input Unit is made up of two essential parts, control
circuitry and a magnetic drum (the buffer) which has on it six
bands for storing information. One band--called the information
band--is used to store information read from a card. The remaining
bands--called format bands--are used to store editing control streanms,
that is, the sequence of digits used to control the editing of

information on the information band.

Each of the bands on the buffer has provision for holding 315

digits. However, in the format bands as well as in the information

Vi-Intro-2 7/1/58



THE CARDATRON SYSTEM

band, seven of these digit positions are not available for either
editing control stream digits or the storage of information. Hence,
under format band control the contents of a card may be expanded to

a maximum of 308 digits, that is, to 28 Data Processor words.

Corresponding to each digit position in the information band
is a digit position in each of the five format bands. Each of
these digit positions is identified uniquely and in order by one
of the numbers from 1 to 315. Digit position 1 is regarded as
the origin of the band. Whereas each digit position in the infor-
mation band consists of a full four-bit decade--and hence is
capable of storing any one of the decimal digits--each digit position
in a format band is comprised of only two bit positions: it is

possible to write only digits 0, 1, 2, and 3 in a format band.*
INFORMATION TRANSFER

The transfer of information from a card to the Data Processor
takes place in two parts. During the first part, information is
transferred from the card to the information band. This is
accomplished under control of an Input Unit, independently of the
Data Processor. During the second part, the contents of the infor-
mation band are transferred to the Data Processor by the execution
of a CARD READ instruction. After the contents of the information

band have been transferred to the Data Processor, the Input Unit

*If an attempt is made to load--by executing a CARD READ, FORMAT
LOAD instruction--as a format band digit a decimal digit greater

than or equal to 4, the four bit or the eight bit will be ignored.

Vi-Intro-3 7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

automatically directs the transfer of the contents of the next
card--if any--to the buffer unless directed by the CARD READ
instruction not to read the next card; in this case we say that

Reload Lockout has been imposed.
PART 1: FROM CARD TO BUFFER (See Figure VI-Intro-2.)

A part of the editing process occurs when the contents of
a card are transferred to the buffer. For example, O's are in-
serted. In addition, part of the conversion from card code to
Data Processor code is accomplished; that is, information is
stored on the information band in what is called Cardatron code.
(Because the programmer can never have direct access to the
information in the buffer except by transferring it to the Data
Processor, in which case it will appear in Data Proceséor code,

we have chosen not to specify the Cardatron code.)

The conversion of information from parallel presentation
(card code) to serial presentation (Cardatron code) takes place
when the contents of the input Core Shift Register are transferred
to the information band The input Core Shift Register is com-
prised of 80 magnetic cores which are connected to the 80 TQO
CARDATRON hubs on the control panel of the card reader. When a
card is read the card reader scans the card row by row, sensing
all punches in one row of 80 columns simultaneously. The punches
appearing under the read brushes complete circuits to the cores
of the Core Shift Register, thus setting them. 1If, for example,

a punch occurs in column 72 of the card being read, the core

Vi-Intro-4 7/1/58



THE CARDATRON SYSTEM

Card code
to Card-
Punched atron code

T l

Core Shift Trans- | Buffer . f To
Repister T lator drum P;rt

i

Edit by
0 and 2
Cardatron
code
Part 1
L - -
I l
l Storage JI
a SRRRRASRRRA R
| 12345673090 I
Edit by

' 2 and 3 - '
| Adder IB A I
| . +1234567890 A register

Buffer | Trans- € |
I drunm lator _Z~
I D register X I
| T 7 |
l Cardatron code |

to Data

] Processor code |
i |
I Part 2 |

Figure Vi-Intro-2., Input Information Path
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

corresponding to column 72 will be set. Thus, the Core Shift
Register duplicates the configuration of punches in the given

card row,

While the card reader is preparing to read the next row, the
contents of the Core Shift Register are transferred to the infor-
mation band. The Core Shift Register shifts 80 positions to the
right in synchronism with the rotation of the buffer drum. The
infbrmation that was in the Core Shift Register is recorded on the
information band in the positions specified by the contents of the
format band which was selected by the card whose contents are being

transferred.

The translation from card code to Cardatron code occurs as
the information passes from the Core Shift Register to the infor-
mation band., The translation function is controlled by a binary-
coded decade called the Row Counter (it is located in the Input
Unit). The Row Counter gives a numeric value to the set positions
of the Core Shift Register in the following way: as each success-
ive row of the card is read, the Row Counter counts in synchro-
nism with the digit emitter of the card machine to indicate which
row is being read. By sensing the row being read, the Row Counter
is able to establish the value of information in that row. For
example, when the 4-row of a card is read the contents of the Core
Shift Register specify the relative locations of all punches in
the row, and the Row Counter indicates that the value of the set

positions is 4.
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PART 2: FROM BUFFER TO DATA PROCESSOR (See Figure VI-Intro-2.)

The execution of a CARD READ instruction causes the contents
of the information band to be transferred to a set of consecutively-
addressed locations in core storage. As the transfer of infor-
mation is accomplished, the final editing--for example, the
deletion of digits--and conversion to Data Processor code is
completed. As soon as the transfer of information has been com-
pleted, the Input Unit automatically attempts to read the next
card, unless the CARD READ instruction which was just executed

directs it not to do so by imposing Reload Lockout,

If an attempt is made to execute a CARD READ instruction
before the transfer of information from card to buffer has been
completed, the Data Processor will wait until that transfer is
completed; the execution of the CARD READ instruction will then
proceed. The status of an Input Unit may be ascertained by

executing a CARD READ INTERROGATE, BRANCH instruction.

DESIGNATION OF FORMAT BANDS

Format bands are the means by which it is determined what to
do with the contents of each card that appears at the reading station
of the card-handling machine. Five of the format bands are under
program control; that is, the entire contents of a designated format
band may be changed by executing a CARD READ, FORMAT LOAD instruc-
tion. (The execution of such an instruction transfers to a desig-
nated format band from core storage a specified set of 315 editing

control stream digits.) Each of these five format bands is iden-
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tified uniquely by one of the digits 1, 2, 3, 4, 5.

In addition to the five format bands mentioned above, there
are three special format bands. Their identification and purpose

are described below:

FORMAT BAND 6: NUMERIC FORMAT

The selection of format band 6 causes the information being
transferred to be regarded as if it came from a card having the
following unique format:

1. All overpunches are deleted.

2. The card has exactly eight fields, namely, those
card columns wired to the following sets of TO
CARDATRON hubs: 1 through 3, 4 through 14, 15
through 25, 26 through 36, 37 through 47, 48

through 58, 59 through 69, and 70 through 80,

The numeric part of the columns in each of these fields, with

the exception of the first, is translated into an 1ll-digit Data
Processor word, the sign coming from the lowest numbered TO CARD-
ATRON hub. To the numeric part of the three-column field wired
to TO CARDATRON hubs 1 through 3 are added eight high-order 0's
to make a complete Data Processor word. An additional five words
of zeros are supplied automatically; they are supplied as if they
came from fields located to the left of column 1 and were wired

to (the non-~-existent) TO CARDATRON hubs preceding hub 1.
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FORMAT BAND 7: '"REJECT" FORMAT

The selection of format band 7 causes that card to be rejected.
That is, the next card automatically is fed into the reading
station, unless Format Lockout is also called out by this card

(by selecting also format band 8).

Although the selection of format band 7 causes a card to
be rejected, its contents are transferred to the information band
(the contents are edited as if numeric format had been selected).
But the selection of format band 7 sets the Row Counter so that
Part 2 of the information transfer is bypassed, thus allowing

the next card to be fed.
FORMAT BAND 8: ™"FORMAT LOCKOUT"

The selection of format band 8 inhibits the reading of the
card following the card which selected format band 8, that is,
the contents of the following card are not transferred to the
buffer until Format Lockout is removed, Format Lockout is
removed by the CARD READ instruction which first refers to the

Input Unit following the imposition of Format Lockout.

Format band 8 must be selected in conjunction with some one
of the other format bands. If only format band 8 is selected by

a card, a no-format ALARM STOP will occur.
FORMAT BAND SELECTION

The desired format band(s) usually is (are) selected by

a punch (punches) in the card being read. The chosen punches
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are wired to the appropriate hubs on the control panel of the card-

handling machine.

There are eight FORMAT BAND SELECT hubs on the control panels
of the IBM 087, 089 and 523 (see Figures VI-Intro-3, VI-Intro-4
and VI-Intro-5, respectively). Except as noted below, any punch

in a card can be used to select a format band.

When a collator is being used as a card reader, the FORMAT
BAND SELECT hubs are wired from primary feed. The selection of
format bands by cards in the secondary feed is accomplished by
wiring to one or more of four SEC(ONDARY) FORMAT SELECT (SFS) hubs,
These four hubs comprise a binary-coded decade. A selected set
of up to four card columns is wired to provide pulses to the SFS

hubs, thus setting the FORMAT SELECT toggles in the Input Unit,

Only 9-punches can be used for the selection of a format
band by cards in the secondary feed of a collator. Suppose, for
example, that columns 1 through 4 are reserved for this purpose;
suppose also that column 1 is wired to SFS 1, column 2 to SFS 2,
column 3 to SFS 4 and column 4 to SFS 8, Then, if columns 1 and
3 contain 9-punches, format band 5 will be selected; if columns
1, 2 and 4 contain 9-~punches, format band 3 and format band 8

(Format Lockout) will be selected.

An alternative method of selecting format from secondary
feed is the following: if only cards with one kind of format will
be in the secondary feed, the SEC. FORMAT SELECT hubs may be jack-

plugged. The control panel is then wired to provide impulses
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TYPE 087 CONTROL PANEL

(Not available at time of printing.)
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BURROUGHS CARDATRON
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

whenever a card is fed from secondary feed.

Although 9-punches must be used to select format bands by
cards in the secondary feed of a collator, they cannot be used to
select format bands by cards in the primary feed; nor can 9-punches
be used to select format bands if the 523 is the card reader: the
pulse emitted at S9-time is used to set the cores in the Core Shift
Register. If 9-punches are used, it will appear that no selection

of format band was made, and a no-format ALARM STOP will occur.
EDITING CONTROL STREAM DIGITS

The four digits used to edit information and the function of
each digit are described below:
0: 1Insert a O in the corresponding digit position
in the information band.
1: Transfer the numeric or zone punch which corre-

sponds to this digit position.

The distinction between numeric and zone times

is made by noting those digit positions in the
format band which contain 1's and 3's. Counting
from format band digit position 1, the first 1

or 3 sensed edits the numeric part of the card
column which corresponds to TO CARDATRON hub

80; the next 1 or 3 edits the zone part of the
same card column. The next 1 or 3 edits the
numeric part of the card column which corresponds

to TO CARDATRON hub 79. And so forth.
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2: Insert a 2 in the corresponding digit position

in the information band.

This editing control stream digit permits the
insertion--in the sign-digit position of a
word--of the flag which identifies it as an
alphanumeric word.

3: Delete the numeric or zone punch which corre-

sponds to this digit position,

It is possible to use an overpunch for the sign of a
numeric field. However, care must be exercised in the con-
struction of editing control streams to insure that the over~
punch is translated and transferred at the digit time which
corresponds to sign time in the Data Processor. This is easily
accomplished by counting the number of digits transferred to
the Data Processor: sign time corresponds to the transfer of
every eleventh digit from the information band to the Data

Processor,
THE CONSTRUCTION OF EDITING CONTROL STREAMS FOR INPUT

The preparation for use of an input editing control stream
can be considered to take place in five stages:
1. Determihation of the editing requirements,
This is accomplished when the card format
is known and after processing requirements

have been stated.
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2. Construction of the editing control stream fto
meet the editing requirements. The use of a
CARDATRON FORMAT BAND CODING FORM (see Figure
VI-Intro-6) facilitates their construction
measurably.

3. Preparation of the input medium which is to
contain the editing control stream,.

4. Reading the editing control stream into core
storage.

5, Writing the editing control stream on the
desired format band.

This section and the one which follows will describe these processes

in the context of an illustrated example,.

Suppose it is desired to edit a card the format of which is
shown at the top of Figure VI-Intro-6.* Processing requirements
demand that the contents of the card be stored in locations 2001
through 2011 (location 2011 is to be cleared) as shown in the
section of the CODING FORM labeled STORAGE DISPLAY. (Scaling is

indicated by inserted 0's.)

The contents of each location and the corresponding card field

from which the data are taken are tabulated below:

*The letter codes over the column designations (shown at the top
of the CODING FORM) have the following meaning: D means "delete
this column'; N means "this column is numeric'; and A means "this
column is alphabetic." A glossary of abbreviations appears on the

reverse side of the FORMAT BAND CODING FORM.

VI-Intro-16 7/1/58



Burmughs Corporation BURROUGHS 220 CARD:

ELECTRODATA DIVISION
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and 3's should be |dentical with the format band digit position containing the last
digit of the active segment.
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BAND NO:_ .. TYITLE: REMARKS:
UNIT NO: . ROUTINE:
INPUT: ———— CODER:
OUTPUT: .— DATE:
INPUT:
Fﬂﬂ::\"l‘lTB‘AND ‘EPITING FUNGTION GOHEs:lEF!?rI:TER IN::::SAFLI:N D. IB:"E|BF!'8TER8
0 INSERT 0 NO NO YES
1 TRANSFER DIGIT YES YES YES
2 INSERT 2 NO NO YES
3 DELETE DIGIT YES NO NO
TYP:OI?;“G"ARD g BA:%R:IA(:;TS EDITED RESULTS IN DATATRON WORD
ALPHABETIC OR A 1 TRANSLATED INTO TWO-BIGIT PATATRON CODE.
SPECIAL CHARACTER| D 33 CHARACTER DELETED.
N 31 TRANSLATED INTO SINGLE DATATRON DIGIT.
o— Al ANATER T ST B R TATRON cooe:
D 33 DIGIT DELETED.
BLANK A 1" TRANSLATED AS 00.
D a3 COLUMN DELETED.
¢ INSERTED; NO EFFECT ON CARD CONTENTS,
NONE 2 2 INSERTED; NO EFFECT ON CARD CONTENTS.
NOTES!

1. Always start the active segment of the editing control stream in digit position 1 on the format band.
2. The Inactive segment follows the actlve segment and centalng 3's, except as noted below,

3. Seven 0's are needed following the actlve segment to shift the last word out of the D register and Into
storage. These 0's may appear anywhere in the Inactive segment (usually they should occupy digit posl-
tions 309 through 315).

OUTPUT:
FORMAT BAND D, 1B REGISTERS INFORMATION CORE REBISTER
BIGITS EDLTING FUNGTION BHIFY TRANSFER SHIFTS
0 INSERT BLANK NO NO YES
1 TRANSFER ALPHA YES YES YES
2 TRANSFER NUMERIC YES YES YES
3 DELETE DIGIT YES YES NO
= FORMAT BAND
-]
TYPE OF OUTPUT 3 piaiTe PUNCHED OR PRINTED RESULTS
B A 11 TWO-DIGIT DATATRON CODE TRANSLATED AS
ALPHABETIC O ALPHABETIC OR SPECIAL CHARACTER.
SPECIAL CHARACTER 33 TWO DATATRON DIGITS DELETED.
N 2 ONE DIGIT TRANSLATED NUMERICALLY,
NUMERIC SN o1 1 THROUGH 9 TRANSLATED NUMERICALLY;
0 TRANSLATED AS BLANK.
sz 10 OVERPUNCH SIGN WITH NO DIGIT UNDERPUNCH,
A 1 OVERPUNCH SIGN WITH DIGIT UNDERPUNGH.
D 3 ONE DATATRON DIGIT DELETED.
BLANK B 00 BLANK COLUMN PRODUCED.
NOTES:

1. Always start the active segment of the editing contral stream with digit position 1 corresponding to the
numaeric part of column 120, Always write a format band as if the sutput contained 120 printing or punch-

ing posltions.
2. The inactive sagment follows the active segment and containg 3's.
3. The edliting control stream digit pair 01 does not always produce the same effect as the digit 2.

Figure VI-Intro-6

Vi-Intro-18
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Card Data Processor

Columns Location

1 (Deleted)

2 - 18 2001

19 - 28 (Deleted)

29 - 32 2002

33 - 38 2003

37 - 41 2004

42 - 49 2005

50 - 54 2006

ob - 59 2007

60 - 70 2008
(Inserted 0's) 2009

71 - 80 2010
(Inserted 0's) 2011

It is assumed that 80-30 control panel wiring is used, that is,
wiring is from PRIMARY READ or SECONDARY READ hub k to TO CARD-
ATRON hub k (a collator is being used as a card reader). In the
description which follows, references are to the section of the

FORMAT BAND CODING FORM labeled PUNCHED-CARD PREPARATION.

(A word of caution is in order here: this example would
be more readily understood if the reader knew both how the for-
mat band was loaded and how the contents of the information band
were transferred to core storage; in turn, those mechanisms
are easier to understand if one knows how editing control streams
are constructed. It is recommended, therefore, that the reader
accept on faith the contents of this section during its first
reading; after reading the narrative description of CARD READ
and CARD READ, FORMAT LOAD which follow, a second reading--if
it is necessary--will make this description of the construction

of editing control streams much more palatable.)
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The first 11 digit positions on the format band--format band
digit positions 1 through ll--are coded with 0's. These 11 0O's

yield the word of 0's which is the content of location 2011.

The contents of column 80 are then translated., A 1 in digit
position 12 of the format band translates the numeric part of the
column numerically, as specified. When the contents of the infor-
mation band are transferred to core storage, this digit will occupy
2010:01, the low-order digit position of the word in location 2010,
A 3 in the next digit position of the format band, digit position

13, deletes the 2zone part of column 80,

Next, the contents of column 79 are translated. A 1 in digit
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position 14 of the format band translates the numeric part of
the column. When the contents of the information band are
transferred to core storage, this digit will occupy 2010:91.

A 3 in digit position 15 deletes the zone part of column 79.

In similar fashion, the contents of columns 78, 77, ..., .
72 are translated, each by the digit pair 31: +the contents of
column 78 are translated by the digit pair in format band digit
positions 17 and 16; the contents of column 77 are translated
by the digit pair in positions 19 and 18; and so forth. The
digits will occupy 2010:81, 2016:71, ..., 2010:21, respectively,
when the contents of the information band are transferred to

core storage.

The numeric part of column 71 is translated by the digit
1 in format band digit position 30; this digit will occupy
2010:11. The zone part of column 71, which contains the over-
punched sign of the numeric field, is translated by the 1 in
format band digit position 31. Because this translated zone
punch is transferredﬁto the Data Processor at sign time~-the
translated digit will occupy the sign-digit position of the
word in location 2010--it is recognized uniquely as a sign
overpunch and translated as C or 1 (+ or -, respectively) in

accordance with the usual conventions for overpunching signs,*

The O's in format band digit positions 32 through 42 yield
the 11 O's which are the contents of location 2009 (see illus-

tration on next page).

*An X punch for -, a Y punch or no overpunch for +,
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Next there are 1l digit pairs, 31, to translate numerically
the ll-column field in columns 60 through 70. These 11 translated
digits will form the word in location 2008. Note that the sign

appears as a numeric punch in column 60.

#7
Set
alpha,

fla
AA AAAEIANLN
o s [se} s s EE §l
lla]uilslu[n]ls[ls]zo[zu[:

i 23 | 48 24

69| 68 | 67 66 [ 65 | 64 (63| 62|61 (60 |5
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The next field to be translated is designated as alpha-
numeric. The digit pair 11 in the format band is used to trans-
late the contents of a column into the two-digit Data Processor
code (see Appendix A3 for this code).* In particular, the
digit pair in format band digit positions 66 and 65 translates
column 59; the two-digit Data Processor code will occupy 2007:02.
The digit pair in positions 68 and 67 translates column 58; the
two-digit Data Processor code will occupy 2007:82. Similarly,
the contents of column 57 will be translated into the two-digit
code occupying 2007:62; the contents of column 56 will be trans-
lated into the two-digit code occupying 2007 :42; and the contents
of column 55 will be translated into the two-digit code occupying
2007:22, The digit 2 in format band digit position 75 causes a 2
to be inserted into 2007:f1, the sign-digit position of the word

in location 2007.

Suppose, for example, that column 59 is punched numerically
with & 4 (that is, there is no overpunch in this column). Then
the 1 in format band digit position 65 would translate the digit

punch numerically, and the translated digit--a 4--would occupy

*Note that in the STORAGE DISPLAY section of the CODING FORM two
Data Processor digit positions--both designated as A--correspond

to one card column which is also designated as A.
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2007:01, The 1 in format band digit position 68, translating the
zone part of the column, would recognize both no overpunch as well
as the fact that the zone part is not being transferred at Data
Processor sign time, Hence an 8 would be inserted in 2007:91.

The two-digit (alphanumeric) Data Processor code for 4 is 84; and

this is what would appear in 2007:02,

Note the quite different effect produced by the editing digit
1 when it is used to translate the zone part of a column at sign
time. That effect is described in the paragraph above, relating

to the transfer of the contents of column 71 into 2010:+1.

The reader now ought to be able to verify the coding which
translates the designated card fields into words 6 through 2, occupy~-
ing core storage locations 2006 through 2002, respectively. Note
especially the insertion of scaling 0's in words 6, 4, 3 and 2.

(Please refer to Figure VI-Intro-6.)

Columns 28 through 19 are deleted by the ten digit pairs, 33,

occupying format band digit positions 145 through 164.

Again, it is left as an exercise for the reader to verify that
the coding which translates columns 18 through 1 into the word
“occupying location 2001 is the set of digits in format band digit

positions 165 through 200 in Figure VI-Intro-6.

The part of the format band occupying format band digit positions
1 through 200 is called the active segment of the format band; it is

always comprised of those format band digits which lie between and

VI-Intro-24 7/1/58



THE CARDATRON SYSTEM

include format band digit position 1 and either:
a. the format band digit in the position
which refers to the last digit transferred
to core storage if that is an inserted
digit; or
b. the format band digit in the position
which refers to the zone part of the
column wired to TO CARDATRON hub 1, if
no inserted digits follow that reference.
The part of the format band which follows the active segment
is called the inactive segment; it always contains 3's, except
for seven 0's, which are required to shift the last word trans-
ferred from the information band into core storage. It is
customary to have these C's in format band digit positions 309
through 315. The contents of the remainder of the format band
word designated 1 are irrelevant, that is, may be coded arbitrar-
ily since they are not written on the format band, there being

no room for themn,

In the lower right corner of the obverse side of the
FORMAT BAND CODING FORM (see also the next page) will be found
a form for checking the digit count in the active segment of
an input format band. This check does not guarantee that the
encoding is without error, but it does help in detecting clerical

errors when constructing editing control streams.

Vi-Intro-25 7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

DIGIT CHECK FOR ACTIVE SEGMENT

INPUT

NUMBER OF 0's — _39

NUMBER OF 1'a — _ 81

NUMBER OF 2's — _...1

NUMBER OF 3 = __19
sum+= 200

Q's - 1's - 2's

LAl

39 + 81 +1

= 11
11
_ s 4 ;'“_—3" — CARD COLUMNS
81 + 79 _
” 80

== WORDS PER CARD

QUTPUT

NUMBER OF 07§ ===,

NUMBER OF 1's

NUMBER OF 2's w=

NUMBER OF 3's —

SUM# ==

s 1's +2 X 2’8 — COLUMNS PRINTED
z OR PUNCHED

.*_Li._zq'_:_i"_ﬂ", ~ DATATRON WORDS

“If the active segment starts in format band diglt position 1, the sum of 0's, 1's, 2's,
and ¥s should be identical with the format band digit position containing the last

digit of the actlve segment.

Note that the FORMAT BAND CODING FORM has provisions for

ing out editing control streams for punching in paper tape or

cards,

lay-

In the section labeled PUNCHED-CARD PREPARATION, columns

4 through 14 of each card are reserved for a bootstrap instruction

if the cards containing the editing control stream are not being

loaded under program control;* the bootstrap instruction will read

the next card,

The set of instructions shown in Figure VI-Intro-6

will cause the 29 words of the editing control stream shown to be

stored in locations 1101 through 1129; word 29 will be in location

1129; word 28 will be in location 1128; and so forth.

Fach set of

11 contiguous format digits comprises one word whose identification

*From this remark the reader will infer--correctly--that input

sign control is effective,
page VI-60-3, ff.

VI-Intro-26

The subject is discussed in detail on
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number is as shown on the FORMAT BAND CODING FORM.

The instruction & Op aaaa in the fifth card is used as a
bootstrap to continue. It may be, for example, another CARD
READ instruction if there are additional cards to be read, or
it may be a BRANCH UNCONDITIONALLY instruction if it is desired

to turn over control to an already-loaded program.
Column 1 is used for selecting numeric format.

The section of the CODING FORM labeled PAPER-TAPE PREP-
ARATION permits the editing control stream to be laid out for
paper-tape input. The numbering of the words in this section
corresponds to the numbering in the section labeled PUNCHED-

CARD PREPARATION. When preparing paper tape, one starts punching
with word number 1 because the PRD or PRB instruction loads

core storage in order of sequentially ascending addresses; as
will be seen below, information from cards is loaded in order

of sequentialiy descending addresses.
INSTRUCTIONS

CARD READ (CRD) is an instruction that transfers the
contents of the information band on a designated Input Unit
to core storage. The format band which is used to edit this
information is the one selected by the card whose contents
are on the information band. Up to 28 words are transferred
to sequentially-addressed storage locations. The first word
transferred is stored in the location specified in the address

part of the CARD READ instruction. The remaining words are
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stored in order of sequentially descending addresses.

As shown in Figure VI-Intro-6, the contents of the information
band were transferred to locations 2011 through 20C1 by a CARD

READ instruction with 2011 as its address.

CARD READ, FORMAT LOAD (CRF) is an instruction that provides
the ability to load the editing control stream digits onto the
buffer drum of an Input Unit. It transfers these digits--stored
in 29 consecutively-addressed core storage locaticons-~-ic the
designated format band of a designated Input Unit. The contentis
of the location specified by the address pari of the CARD READ,
FORMAT LOAD instruction will occupy the first 11 digit positions
on the format band. Suppose the instruction were CRF 1129. Then
(1129:01) goes to format band digit position 1; (1129:91) goes to
format band digit position 2; ...; and (1129:%1) goes to format
band digit position 11. The word in location 1128 will occupy
format band digit positions 12 through 22; and so forth., Finally,
(1101:08) will occupy the last eight digit positions on the format

band.

As shown in Figure VI-Intro-6, the editing control stream
digits were stored in locations 1101 through 1129 by the bootstrap
instructions in columns 4 through 14. A CRF 1129 instruction
transferred 315 of these digits to the desired format band as

described above.

(The reader will note in the following sections on output

that the CARD READ, FORMAT LOAD instruction performs the same type
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of function on input that the CARD WRITE and CARD WRITE, FORMAT
LOAD instructions do on output: information is transferred

from core storage of the Data Processor to a buffer drum.

CARD READ INTERROGATE, BRANCH (CRI) is an instruction which
permits the program to determine if a designated Input Unit is
ready to be used. If the unit queried is ready, control is
transferred, that is, the contents of the P register are re-
placed by the address part of the CRI instruction; otherwise,

control continues in sequence.

OUTPUT

THE OUTPUT UNIT

The Output Unit, like the Input Unit, is made up of two
essential parts, control circuitry and a magnetic drum (the .
buffer). The drum has on it six bands for storing information.
One band--called the information band--is used to store infor-
mation transferred from the Data Processor to the card-handling
machine. The remaining five bands-~-called format bands--are
used to contain editing control streams., Each of the six bands
on the buffer has provision for holding 316 digits (whereas

there are only 315 digit positions on the bands of an Input Unit),

Corresponding to each digit position in the information
band is a digit position in each of the five format bands.

Each of these digit positions is identified uniquely and in
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order by one of the numbers from 1 to 316. Digit position 1 is
regarded as the origin of a band. Whereas each digit position in
the information band consists of a full four-bit decade--and hence
is capable of storing any one of the decimal digits--each digit
position in a format band is comprised of only two positions: it
is possible to write only digits 0, 1, 2 and 3 in a format band.
As was the case with an input format band, the four bit or the
eight bit will be ignored if an attempt is made to write as a

format band digit a decimal digit greater than or equal to four.

INFORMATION TRANSFER

The transfer of information from the Data Processor to a
card-handling machine takes place in two parts. During the first
part, information is transferred from the Data Processor to the
information band when a CARD WRITE instruction is executed. During
the second part, the contents of the information band are trans-
ferred to a card-handling machine. This is accomplished under
control of an Output Unit, independently of the Data Processor,
After information has been transferred from the Data Processor to
the information band, execution of the program is resumed auto-

matically.

PART 1: FROM DATA PROCESSOR TO BUFFER (See Figure VI-Intro-7.)

Each CARD WRITE instruction specifies the format band which
is to edit the stream of information to be transferred from the

Data Processor.
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Up to 316 digits from 29.words can be transferred from
sequentially-addressed storage locations of the Data Processor.
The first digit transferred is taken from the storage location
specified by the address part of the CARD WRITE instruction.

The remaining digits are transferred from core storage locations

in order of sequentially descending addresses.

The editing control stream on the format band selected
by the CARD WRITE instruction performs a part of the editing
process when the information is transferred to the information
band: O's are inserted. In addition, part of the conversion
from Data Processor code to card code is accomplished; that is,

information is stored in the information band in Cardatron

code.

If an attempt is made to execute another CARD WRITE instruc-
tion before the transfer of information from the buffer to the
card-handling machine has.been completed--that is, before
completion of Part 2 of the information transfer associated
with the preceding CARD WRITE instruction--the Data Processor
will wait until the Output Unit is in a state of readiness.

The status of an Output Unit may be ascertained by executing

a CARD WRITE INTERROGATE, BRANCH instruction.

PART 2: FROM BUFFER TO CARD-HANDLING MACHINE (See Figure

Vi-Intro-7.)

After the information band has been loaded by the execution

of a CARD WRITE instruction, its contents are transferred to the
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Figure VI-Intro-7. Output Information Path
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card-handling machine. As the transfer of information is
accomplished, the final editing--the deletion of unwanted

digits and conversion to card code--is completed.

The purpose of Part 2 of the output cycle is to present
information from the buffer to the card-handling machine in
the proper sequence for printing or punching. The conversion
of information from serial presentation (Cardatron code) to
parallel presentation (card code) takes place when the contents
of the output Core Shift Register are transferred to the card-

handling machine.

As each digit is transferred from the information band
it is set into a decade of comparison toggles. When the toggles
are set, their value is compared with the value of the Output
Unit's Row Counter setting; at the same time the corresponding
editing control stream digit in the format band is examined.
Three cases need to be considered:
l., Each time there is agreement between the
Row Counter and the comparison toggles the
input position-~the first core--of the

Core Shift Register* is set and the entire

*The output Core Shift Register is comprised of 120 magnetic
cores that are connected to the 120 FROM CARDATRON hubs on the
control panel of a line printer; or, 80 of the cores are con-
nected to the 80 FROM CARDATRON hubs on the control panel of
a card punch. If the Output Unit is connected to a punch,
cores numbered 1 through 80 in the Core Shift Register will

have been cable-connected to the punch.
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Core Shift Register is shifted one place
to the right, except when the editing
control stream digit is a 3.

2. When the editing control stream digit
is a 3, the corresponding digit in the
information band is deleted by the simple
expedient of not setting and not shifting
the Core Shift Register.

3. When the Row Counter setting and the
comparison toggles do not agree, the Core
Shift Register is shifted one place to
the right without setting the input
position, except when the editing control
stream digit is a 3. In the latter case,

the effect is as described in 2.

Thus, for each Row Counter setting the information band is
scanned for digits corresponding in value to the Row Counter
setting: the configuration of such digits in the information
band is represented by the set positions in the Core Shift Register,
with the exception of digits that have been deleted. At this
time a digit impulse is emitted from the card-handling machine.
The purpose of this impulse is to establish synchronism between
the Oﬁtput Unit and the card-handling machine so that information
corresponding to the set positions of the Core Shift Register
can be transferred to fhe card-handling machine, The value of
this information is determined by the digit time of the card-

handling machine's cycle during which this transfer occurs:
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digit time and the Row Counter count together, of course.

Each position in the Core Shift Register is connected to
and thereby controls--by means of control panel wiring--the
energizing of a corresponding punch or print magnet in the
card-handling machine. If the machine is a punch, all the
positions in the card that are to be punched in a given row
will be punched at the time the information in the cores is

transferred.

If the card-handling machine is a printer, each of the
bits of information in the Core Shift Register sets the
corresponding type wheel each time the digit pulse is emitted,
When all of the information has been transferred from the

information band, the line printer will print one line.
DESIGNATION OF FORMAT BANDS

Each of the five format bands on the buffer of an Output
Unit is identified uniquely by one of the digits from 1 to 5.
No special format bands are used by the Output Unit. All of
the format bands are under program control; that is, the entire
contents of a designated format band may be changed by executing

a CARD WRITE, FORMAT LOAD instruction.
FORMAT BAND SELECTION

The desired format band is designated by a digit in the
CARD WRITE or CARD WRITE, FORMAT LOAD instruction.
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EDITING CONTROL STREAM DIGITS

The four digits used to edit information and the function of
each digit are described below:
0: 1Insert a 0 in the corresponding digit position
in the information band.
l: Transfer the Data Processor digit which corre-~
sponds to this digit position with numeric or

zone significance.

The distinction between numeric and zone sig-
nificance is made by noting those digit positions
in the format band which contain pairs of 1's,
pairs of O's, or O's and 1's in pairs, that is,
11, 00, 01, or 10, Counting from format band
digit position 1, the first 1 or O--of the pair
of digits--~sensed when the Row Counter is at
numeric time corresponds to a selected FROM
CARDATRON hub on the control panel of the card-
handling machine; the next 1 or 0 sensed when
the Row Counter is at zone time corresponds to
the same control panel hub., The next 1 or O
corresponds to its selected control panel hub
during numeric time; the next 1 or O corresponds
to the same control panel hub during zone time,
And so forth.

2: Transfer the Data Processor digit which corresponds

to this digit position with numeric significance.
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The digit 2 interprets the digit being trans-
ferred as a numeric digit, forcing a blank for
the corresponding zone part. Thus, the first
2~-counting from rormat band digit position 1--
corresponds to the assigned control panel hub
during numeric time; at zone time a blank is
forced for that control panel hub. The next

2 corresponds to its assigned control panel

hub during numeric time; at zone time, a blank
is forced for the same control panel hub. And

so forth.

The digit 2 must occupy a position in the format
band which corresponds to numeric time in the
sense described above; otherwise, an invalid
translation will occur.

3: Delete the Data Processor digit which corre-

sponds to this digit position,

It is possible to use an overpunch for the sign of a numeric
field. Either of the two conventions for overpunching signs may
be selected by proper specification in the CARD WRITE instruction.
However, care must be exercised in the construction of the editing
control stream to insure that the overpunch is translated and trans-
ferred at the digit time which corresponds to sign time in the
Data Processor. If the digit 1 that transfers the sign as an over-
punch does not occur at sign time, an invalid translation will

result.
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

THE CONSTRUCTION OF EDITING CONTROL STREAMS FOR OUTPUT

The preparation for use of an output editing control stream
also takes place in five stages:
1, Determination of the editing requirements.
This is accomplished when the format of the
document or card is known and after process-
ing requirements have been stated,
2. Construction of the editing control stream
to meet the editing requirements.
3, Preparation of the input medium which is
to contain the output editing control stream.
4., Reading the editing control stream into core
storage.
5. Writing the editing control stream on the
desired format band.
This section and the one which follows will describe these processes

in the context of an illustrated example.

Suppose it is desired to edit a line of print the format of
which is shown at the top of Figure Vi-Intro-9. Processing require-
ments demand that informatioa for the line to be printed be stored
in locations 2017 through 2026, as shown in the section of the

FORMAT BAND CODING FORM labeled STORAGE DISPLAY.

The contents of each printing position and the corresponding
Data Processor location from which the data are taken are tabulated

below:

VI-Intro-40 7/1/58
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is num, 5 8!
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SIE 3163 14]313 [312]311 J510 [305 03000601 4L 9
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2 .
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JN FORMAT BAND CODING FORM INPUT (] BAND NO, 5
outPuTt X UNIT NO. 3

SUTINE NO.__ CODER:. F. Bauer and R. Reitmeyer

#6 #7 #8 #9 #10

wabetic

aumeric (Blank | Alpha.| Blank | Alpha, | Blank Numeric Blank Numeric

3 3

UM ANAN 1 1 1

5[5( B5|BG BT |6 |8 701N (72|73 ]| 75 |76 |72 {18 |79 180 |81 |82 183 |04 145 |66 |87 188 |49 {33 (91 192 9394|855 ]95 §7 (98 |99 1100101 {102 |¥03 (104 fr05 {106 {107 {108 {108 {110 |111 012 B13 04|15 06 107 s i 2o
T(2zi3 |45 e |risjafwprszhapahs pe(1zhs|g|z0 )21 22|23 (24)25{26 27128 |20 |30 |31 {32 |33 |34 [35] 35 137 [ 36 29| a0

BB [33]39140PJ¢2L43] a4 45] a6 47[48]43] 30

51| 52| 53] 54) 55| as] o7( 65|59 ] 60| 1] 62|53 64 5] o6 67] 6| 88|70 21]72] 78] 7] 7s] 78| 77]78f79 %0

26 #9 27 28 #10 20
45 |44 143 142 |41 40159 | 38[37 136 |35 (3413332313020 28{27 26| 25i2e({23)22i21|2e{af i) 1iz) et astia]atizlnilio]l o gl 7|6 8)]4 132 ]
110000000000222;_222_22220000000000LOZ,ZZZ_AALA_L@_
20 #6 21 22 #7 23

+f1e1furofros!ioaji0z tos] 105|104 031102 101]100| 9o} 98] 97| vs| 05| 9a] 93] 92| wil oo} eo| sai a7 G5 85 64 a3 ezl 8t {sop 7| 780 77| 76| 75) 74| 73| 72| 71| 70] 69| 60 | &7

2]010/0i0:0{0/0/0/0/0f{1f0j0|1/0[1/0{1[2/1;3;2]t|1i2[0l0j0i0/0iolcloiolola|yl1laininla]n]L
14 #3 15 i 16 {#4 17

1Z7R76 (175 HUT4 173 72 170|170 1669 188 167165 ] 465, (64] 163) 162} 161} 160 159] £58; 157] 166] 16. 0 154] 153] 152] 154 ISD{ 158] 148 147 5465 145§ 1449 143] 142 195 1400 1398 ISd 137 ISEIISS 134) 133]

0'0000000000000311113333220000000000&22331__3333_

243242 (241 (240{2391238(237| 236|235 (2342331232 231 230f 229] 228 22 226[ 225 224 223| 222 224 2201 21 9 2I8F2I7 216 215) 214) 213} 202| 2t0) 210 209, 208 207] 206 205‘ 204 203] 202 201 200[!99

30000'000000000000912__2__22212_
5

2 3 4
309 |308,307 (306 |305 {104 {303 |302)301[300| 299|298 247! 2961 285( 244¥ 263 292) 291 2901239 288} 287 256 2315_ 284) 283{ 282) 2¢1 230] 27y e7s| 2i7) 2768 2749 274 273) 277 271| 270 2691 268] 267] 266} 265
rllglllrlljllli%ilizllirrli]:lll’||| il[l}]3
[
slste|7]sfsafo REMARKS DIGIT CHECK FOR ACTIVE SEGMENT
INPUT QUTPUT
NUMBER OF 0's = _______ NUMBER OF 0'g == 112
NUMBER OF 1’8 — ____ NUMBER OF 1's = 34 _
NUMBER OF 2's == _______ NUMBER OF 2/ o= _ 47 _
NUMBER OF 8's = ..____ NUMBER OF %' = __23
SUM» = SUM* — 222

s - 1's + 2's _ 0's 4+ 1's + 2 X 28 .. COLUMNS PRINTED
ii == WORDS PER CARD 3 OR PUNCHED

2

L] ' i
s + 38 . carD coLumNs Vs + 25 4% _ pATATRON WORDS

= 34447 +29
11 10

“If the active segment starts in format band diglt position 1, the sum of 0's, 1's, 2's,
and 3's should be identical with the format band diglt posttion containing the last
diglt of the active segment.
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Tro Tha 1R Tha R 1w

tra

BAND NO: .. TITLE: REMARKS:
UNIT NO: . ROUTINE:
INPUT: __ .. CODER:
OUTPUT: ___._. DATE:
INPUT:
Fﬂn:r;’”’%ﬂ"n EDITING FUNGCTION Cﬂﬂﬁs:ﬁ_(-}rlss'l‘eﬂ |N:::':ds»:1;gﬂ D, 1B sRHEIfilTSTERS
0 INSERT 0 N0 | No YES
1 TRANSFER DIGIT YES YES YES
2 INSERT 2 NO NO YES
3 DELETE DIGIT YES ~ NO NO
TVPchESMcNARD g AL DTS EDITED RESULTS IN DATATRON WORD
ALBHABETIC OR A 11 TRANSLATED INTO TWO-DIGIT DATATRON CODE.
SPECIAL CHARACTER| D 33 CHARACTER DELETED.
N 3 TRANSLATED INTO SINGLE DATATRON DIGIT.
A 1 TRANSLATED INTO TWO-DIGIT DATATRON CODE;
NUMERIC DiGIT PRECEDED EBY INSERTED 8.
D 33 BIGIT DELETED.
A 1 TRANSLATED AS 00,
BLANK
[ 33 COLUMN DELETED.
0 INSERTED; NO EFFECT ON CARD CONTENTS.
NGNE 2 INSERTED; NO EFFECT ON CARD CONTENTS.
NOTES:

1. Always start the active segment of the editing contrel stream in digit position 1 on the format band.
2. The Inactive segment follows the active segment and contains 3's, except as noted below,

3. Seven 0's are needed following the astlve segment to shift the last word out of the D register and Inte
storage. Thess O’s may appear anywhere In the lnhactive segment tusually they should occupy digit posl-
tions 302 through 316).

OUTPUT:
FORMAT BAND D, IB REGISTERS |  INFORMATION CORE REGISTER
oy EDITING FUNCTION Bityrts A iy
0 INSERT BLANK MO NO YES
1 TRANSFER ALPHA YES YES YES
2 TRANSFER NUMERIC YES YES . YES
3 DELETE DIGIT YES : YES NO
& FORMAT BAND
1]
TYPE OF OUTPUT 2 HGITS PUNCHED OR PRINTED RESULTS
NBETIC A 11T TTwo-DIGIT DATATRON CODE TRANSLATED AS
ALPHABETIC OR ALPHABETIC OR SPECIAL CHARACTER.
SPECIAL CHARAGTER 33 TWO DATATRON DIGITS DELETED,
N 2 ONE DIGIT TRANSLATED NUMERICALLY.
NUMERIC SN 01 1 THROUGH 9 TRANSLATED NUMERICALLY:
- 0 TRANSLATED AS BLANK,
sz 10 OVERPUNCH SIGN WITH NO DIGIT UNDERPUNGH.
A 11 OVERPUNCH SIGN WITH DIGIT UNDERPUNCH.
D 3 ONE DATATRON DIGIT DELETED.
BLANK 8 00 | BLANK COLUMN PRODUCED.
TES:

NO
1.

Always start the active segment of the editing control stream with digit position 1 corresponding to the
numeric part of column 120, Always write a format pand as If the output contained 120 printing or punch-

ing positions.

‘The Inactive segment follows the active segment and contains 3's.
The editing control stream digit pair 01 does not always produce the same effect as the digit 2.

Pigure VI-Intro-9

VI-Intro=42
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Data Processor Location

Printing
Position
1 8
9 -~ 19
20 - 29
(Deleted)
30 - 33
34 38
39 43
44 48
49 54
55 59
60 68
69 73
74 78
79 83
84 88
89 93
94 104
105 109
110 120

Blanks inserted by the
editing control stream.
2017
Blanks inserted by the
editing control stream.
2018
2019
Blanks inserted by the
editing control stream,
2020
Blanks inserted by the
editing control strean.
2021
Blanks inserted by the
editing contrcl stream.
2022
Blanks inserted by the
editing control stream,
2023
Blanks inserted by the
editing control stream.
2024
Blanks inserted by the
editing contrcl stream.
2025
Blanks inserted by the
editing conirol stream.
2026

It is assumed that 120-120 control panel wiring is used, that is,

wiring is from FROM CARDATRON hub k to NORMAL PRINT ENTRY hub k.,

In the description which follows, references are to the section of

the CODING FORM labeled PUNCHED-~-CARD PREPARATION.

106 107 1o i

#o

Numeric

32 fiia a1 s e Jr7 [ria e e

2612129 [

T132 (33 1343536 378|384
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The first digit to be translated is the digit occupying
2026:01, the low-order digit of the word in location 2026. A 2 in
digit position 1 of the format band translates this digit as a
number; that is, the digit is treated as having a numeric part and
a blank zone part. When the contents of the information band are
transferred to the line printer, this number will occupy print

position 120, the rightmost digit of the line of print,

Next, the digit occupying 2026:91 is translated. A 2 in digit
position 2 of the format band translates this digit as a number.
When the contents of the information band are transferred to the

line printer, this number will occupy print position 119.

In similar fashion, the contents of 2026:81, 2026:71, ...,
2026:11 are each translated by a digit 2: the contents of 2026:81
are translated by the digit in format band digit position 3; the
contents of 2026:71 by the digit in position 4; and so forth. The

digits will occupy print positions 118, 117, ..., 111, respectively.
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The pair of digits 0 and 1 in format band digit positions 11 and
12 translate the sign digit~-(2026:%f1)--with zone significance only.
Because this pair of digits corresponds to sign time in the Data
Processor, the sign will be printed with zone significance: the
0 in digit position 11 forces a blank during numeric time and the
1 translates the sign digit at zone time, Since the sign digit is
transferred with zone significance, a negative sign is printed as
a minus (-) sign rather than as a 1. A positive sign digit will be
"printed" as a blank--rather than a 0--if the Suppress-12 mode is
specified by the CARD WRITE instruction which uses this format
band, If the Suppress-12 mode is not specified by the CARD WRITE
instruction, an ampersand (&) will be printed (assuming the 407
has a Type A print wheel). The sign digit will occupy print position
110.

If the card-handling machine were a punch instead of a line
printer, the sign digit would appear as an overpunch. A negative
sign digit (1) would be an 1l-punch. If the Suppress-12 mode were
specified by the CARD WRITE instruction, a positive sign digit (0)
would leave the 12-~row blank; if the Suppress~12 mode were not

specified, a positive sign digit would produce a 1l2-punch,

The 0's in format band digit positions 13 through 22 insert
a blank field corresponding to print positions 109 through 105,
Two 0's are required for each blank position, one for numeric time,

and one for zone time at each of the control panel hubs.
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Blank Numeric

- f J
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Next, there are 11 2's to translate numerically the 11 digits.
of the word in location 2025. This set of digits will appear in
print positions 104 through 94. Note that a 2 in format band digit
position 33 is used to translate the sign digit of the word. Since
the sign digit is transferred with numeric significance, it is

printed as a decimal digit.

Another blank field is inserted by the eleven 0O's in positions
34 through 43 of the format band. Blanks are inserted in each of

print positions 93 through 89.

) #8 L

Alpha,

]

7435 [16 {7 {os {7 [s v a2 faa fe o5 [os [ fmw]an [on [oi
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The next word to be translated (the contents of location 2024)
is designated as alphanumeric. The digit pair 11 in the format band
is used to translate each pair of digits from two-digit Data Pro-
cessor code to a single alphanumeric character.* In particular,
the digits in format band digit positions 44 and 45 translate the
contents of 2024:02; the resulting single alphanumeric character
will occupy print position 88. The digit pair in format band digit
positions 46 and 47 translate the contents of 2024:82; the resulting
gsingle alphanumeric character will occupy print position 87,

Similarly, the contents of 2024:62 will be translated into the
single alphanumeric character occupying print position 86. The
contents of 2024:42 will be translated into the single alphanumeric
character occupying print position 85. The contents of 2024:22 will

be translated into the single alphanumeric character occupying print

¥Note that in the STORAGE DISPLAY seotion of the FORMAT BAND CODING

FORM two Data Processor digit positions-~both designated as Aww
correspond to ome alphanumeric character in a printing position,

which is also designated as A,
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position 84, The digit 3 in format band digit position 54 causes
the 2 in 2024:%1 to be deleted.

The reader should now be able to verify the coding which inserts
a blank field into print positions 83 through 79; translates the
word in location 2023 (designated as word number 7) alphabetically--
the alphanumeric characters occupying ﬁrint positions 78 through
74; and inserts a blank field into print positions 73 through 69,
(Refer to Figure VI-Intro-9.)

6

Alphabetic

and numeric
§8 88
ZIN; NN NANAN

| 55 58 | 57| 50] sa} 0 52 s3] ] s [ &7 {sa s 0 | [h?

#16 21 22

4la0afioafreifeoo] 99| val a7} 56| 86| o4] 93] 52| 91! 50 2o ss] &7} 5c] 85

T

1
) |adololiiojiiely 2112112 |

5 T O R A G E D
LQC. Fl=l1112]|34151617|8,9:0 REMARKS Loc.
NN VALV 1
2101226 |#/N|NIN|NA|ANJAIAN
) v e — \/rb7 - AV/‘\\//"[V/’\V/‘\T/\L!,)\

The word to be translated next is designated as alphanumeric,
The digit 2--in format band'digit position 86--translates the digit
in 2022:01 numerically; the decimal digit will occupy print position
68. The digit pair 11 in positions 87 and 88 of the format band
translates the digits in 2022:92 into the single alphanumeric

character occupying print position 67. The 2 in format band digit
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position 89 translates the digit in 2022:71 numerically; the decimal
digit will occupy print position 66, The digit pair 11 in format
band digit positions 90 and 91 translates the pair of digits in
2022:62 as a single alphanumeric character occupying print position
65, The 2 in format band digit position 92 {franslates the digit

in 2022:41 numerically; the decimal digit will occupy print position

64 .

The digit pair 01 in format band digit positions 94 and 93
trahsfers the digit in 2022:31 with numeric significance: 1if the
digit is different from O, the non-zero digit will be printed in
print position 63; if the digit is 0, a blank will be "printed" in
print position 63, The digit pairs 01 in format band digit positions
96 and 95, and 98 and 97, will produce the same effect on the con-
tents of 2022:22.

The pair of digi.z 10 in format band digit positions 100 and
99 translate the sign digit (2022:%1) with zone significance only.

The effect is the same as that described for (2026:%1).

If the card-handling machine were a punch, the digit pair 01
in the format band would produce an underpunch 1 through 9 in
the card if the digit in 2022:31, for example, were different from

0; if the digit were 0, a blank would appear in the card.

Again, it is left as an exercise for the reader to verify that thle
editing control stream digits occupying format band digit positions
101 through 222 will yield the line of print whose format is shown

in Figure VI-Intro-9,
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The part of the format band occupying format band digit positions
1 through 222 is called the active segment of the format band. The
active segment of a format band is always comprised of those editing
control stream digits which lie between and include format band
digit position 1 and either:
a., the editing control stream digit in the
position which refers to the last digit
transferred to the card-handling machine
if that is an inserted digit; or
b, the editing control stream digit in the
position which corresponds to zone time
at FROM CARDATRON hub 1, if no inserted
digits follow that reference,
The part of the format band which follows the active segment is
called the inactive segment. It always contains 3's. Since
format band digit position 316 contains the last editing control
stream digit, the contents of the remainder of the format band
word designated 1 are irrelevant. These three positions may be
coded arbitrarily, since they will not be written on the format

band, there being no room for them.

It is recommended that output editing control streams be con-
structed as if 120 print or punch positions were available for use,
That is, format band digit position 1 should always correspond to
print or punch position 120, This means that the active segment
of an editing control stream for a punch will alwajs have O0's in

format band digit positions 1 through 80, corresponding to the
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(non-existent) punch positions (i.e., card columns) 120 through 81,

respectively.

The section of the CODING FORM labeled DIGIT CHECK FOR ACTIVE
SEGMENT may be used to help in detecting clerical errors when con-

structing editing control streams for an output format band.

DIGIT CHECK FOR ACTIVE SEGMENT

INPUT OUTPUT

NUMBER OF (’s = .. __

NUMBER OF 1’8 =

NUMBER OF 2's —

NUMBER OF 38 = ____ .

NUMBER OF 0's ws ...1’..12_
NUMBER OF 1's — .........3_4_'.._

NUMBER OF 2's == 47

NUMBER OF %6 = ___ 29

SUM? == sUM* == 222

s 4-1's + 2 X 2's .. COLUMNS PRINTED
)

0's + s 4 25
—+L 7= -= WORDS PER CARD SO-uMIs ER

- 112 434 + 94
2

1] t
I's + 211’ 3~ DATATRON WORDS

= 120

m11§_2t3l_ = CARD COLUMNS

34 +47+ 29 - 10

it the active segment starts in forinat band digit pesition 1, the sum of O’s, 1's, 2's,
and 3's should be identical with the format band digit position contalning the last
digit of the active segment,

. =

In the section of the FORMAT BAND CODING FORM labeled PUNCHED-
CARD PREPARATION columns 4 through 14 of each card are reserved for

a bootstrap instruction which will read the next card. The set of

instructions shown will cause the 29 words of the editing control
stream to be stored in locations 1221 through 1249: word 29 will

be in location 1249, word 28 in location 1248, and so forth.
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INSTRUCTIONS

CARD WRITE (CWR) is an instruction that transfers up té 316
digits from sequentially-addressed storage locations in the Data
Processor to the information band of a designated Output Unit.

The instruction alsco designates the format band whose contents

are to edit the information transferred. In addition, it must

be specified whether the Suppress-12 mode is elected. The first
digits transferred are taken from the storage location specified by
the address part of the CARD WRITE instruction. The remaining
digits are taken from storage locations in order of sequentially-

descending addresses.

Referring to Figure VI-Intro-9, the contents of storage
locations 2017 through 2026--as shown in the STORAGE DISPLAY section--
will be transferred to the information band of the designated
Output Unit by a CARD WRITE instruction with 2026 as its address
part., Because this instruction can transfer up to 316 digits, the
contents of storage locations 2016 through 1998 will also be trans-
ferred to the information band. The information contained in these
19 locations is deleted when the contents of the information band

are transferred to the output Core Shift Register,

CARD WRITE, FORMAT LOAD (CWF) is an instruction that provides
the ability to load the editing control stream digits onto the
buffer drum of an Output Unit. It transfers 316 digitsm—stored
in 29 consecutively-addressed storage locétions--to the designated

format band of a designated Output Unit. The contents of the

Vi-Intr»n-52 7/1/58



THE CARDATRON SYSTEM

location specified by the address part of the CARD WRITE, FORMAT
LOAD instruction will occupy the first 11 digit positions on the
format band. Suppose the instruction were CWF 1249, Then
(1249:01) goes to format band digit position 1; (1249:91) goes

to format band digit position 2; ...; and (1249:*1) goes to format
band digit position 11, The word in location 1248 will occupy
format band digit positions 12 through 22, And so forth. Finally,
(1221:09) will occupy the last nine digit positions on the format

band.

Referring again to Figure VI-Intro-9, the editing control
stream digits were stored in locations 1221 through 1249 by the
bootstrap instructions in columns 4 through 14. A CWF 1249
instruction transferred 316 of these digits to the desired format

band as described above.

CARD WRITE INTERROGATE, BRANCH (CWI) is an instruction that
permits the program to determine if a designated Output Unit is
ready to be used. If the unit queried is ready, control is
transferred, that is, the contents of the P register are replaced
by the address part of the CWI instruction; otherwise, control

continues in sequence.

INFORMATION FLOW

The general nature of information flow during input and output
was discussed in Section II, 1In many details, however, the flow of
information during the execution of instructions referring to Card-

atron is different from that indicated in Section II. PFor this reason
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the flow of information is presented again here, The description
which follows supplements the description of the transfer of

information presented previously in this section.

INPUT FLOW

Input flow is shown in Figure VI-Intro-10.

1. (rD)--the D register contains an image of the instruction
brought from storage during the Fetch Phase--are transferred to the

CD register in the Cardatron Control Unit.

2. The address part of the C register (rC:04), which specifies
the location in storage where the first word transferred from the

information band is to be stored, is transferred to the E register.

At this time the clock in the Data Processor is turned off,
the Cardatron clock being the source of pulses which govern the
operation of both Cardatron and Data Processor during Cardatron

operations.

3. The first word is transferred from the information band

to the D register.

4a, The contents of the D register are then transferred, two
digits at a time, to the IB register, with or without B-register

address modification as specified and indicated.

4b. Each time the D register is shifted to the right to
force the transfer of the next pair of digits, the next digit

from the information band enters rD:i1,
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5a. As soon as the IB register is filled its contents are
transferred to the location whose address is the contents of the

E register.

5b,. Then the contents of the E register are decreased by 1.

5¢. While the contents of the IB register are being trans-
ferred to storage and the E register is being counted down, the
D register is being filled with the remainder of the next word

transferred from the information band.

If all of the information has not been transferred from the
information band, as is determined by the editing control stream
governing the transfer and the possible occurrence of a control
word read from the card--that is, a word whose sign digit is a 6

or 7--there is a return to step 4.

The explicit detail of steps 4 and 5 will be found in the
flow chart which is a part of the description of the Execute

Phase of the CARD READ instruction.

The CARD READ, FORMAT LOAD instruction is essentially an
output instruction: information is transferred from core storage
to the buffer during its execution. Thus the flow of information

during execution of a CRF instruction is shown below.

OUTPUT FLOW

Output flow is shown in Figure VI-Intro-1l.

1. (rD) are transferred to the CD register.
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2. The address part of the C register (rC:04), which specifies
the location in storage from which is taken the first digit to be

transferred to the buffer, is transferred to the E register.

At this time the clock in the Data Processor is turned off, the
Cardatron clock being the source of pulses which govern the operation

of both Cardatron and Data Processor during Cardatron operations.

3. The contents of the location whose address is in the E

register are transferred to the 1B register.
4, The contents of the E register are decreased by 1,

5. The contents of the IB register are transferred, two
digits at a time, one digit to the D register and one digit to
the adder. As each successive digit enters the adder the previous

contents are transferred to the buffer.

Each time a digit is transferred from the IB register to the
D register, the contents of the D register are shifted one place

to the right.

6a. After the sixth digit is transferred from the IB register
to the adder, the sign digit and the four high-order digits which
were transferred to the D register are transferred from rD to the

adder and thence to the buffer.

6b. While the transfer of information from the D register is

occurring, the E register is counted down by 1.
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6¢c. The next word ((rE)) is transferred to rIB.

If all of the information has not been transferred to the

buffer, there is a return to step 5.

The explicit detail of steps 5 and 6 will be found in the
flow chart which is a part of the description of the Execute Phase
of each of the instructions, CARD WRITE; CARD WRITE, FORMAT LOAD;

and CARD READ, FORMAT LOAD,

EXCEPTIONAL CONDITIONS

l. A non-existent-address ALARM STOP will occur if an instruc-
tion refers to a location not in the storage package in the systen.
The effects of this condition during input are different from those
during output. See the Execute Phase description of the relevant

instructions for complete details.

2. A digit-check ALARM STOP can occur.

3. If the Input Unit or Output Unit designation specified
by an instruction is not one which has actually been assigned,
that is, if there is no unit having the specified designation, a
non-existent~Input-Unit or non-existent-Output~Unit ALARM STOP will
occur. The Data Processor will stop at the beginning of the

Execute Phase.

4. A no-format ALARM STOP will occur if no format band is

selected when a card is being read. No such alarm can occur on

output,
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EXECUTE PHASE

The remainder of Section VI is devoted to a description of

the Execute Phase of all instructions which refer to the Cardatron.
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Operation code: 60

Operation name: CARD READ Abbreviation: CRD
Instruction format: Time (us):
+1 2345678920 Minimum:
+lu|i|v|r|Op |a a a a fetch: 90
4 S execute: 5765
total: BB55
Definitions:
Average:
s if * is odd, B-register address-
modification will occur; otherwise, fetch: 90
there will be no such modification. execute: 7180
total: 7270
u: designates Input Unit,.
Maximum:
is not relevant to the execution of
this instruction. fetch: 90
execute: 9020
v variation designator: total: k204

v = 0: control words will be
recognized as such,

v = 1t control words will not be
recognized as such,

T r = 8: designated input will be B-
register address-modified,

r = 0: no B-register address-~
modification of input.

r = 9: designated input will be B
register address-modified;

Reload Lockout will be im-

posed,

r = 1! no B-register address-
modification of input;
Reload Lockout will be im-~
posed,

Op: operation code

aaaa: address of base of location into
which is written first word trans-
ferred from the information band.
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Description of operation:

Summary:

Transfer the contents of the information band
from Input Unit u to core storage. The first 11
digits transferred from the information band are
stored in location Bfaaaa]; the next 11 digits trans-
ferred are stored in location Bfaaaa] - 1; the
next 11 digits transferred are stored in location
B[aaaa] - 2; and so forth. The editing control
stream used to edit the contents of the information
band is the one on the format band which was se-
lected by the card whose contents are on the infor-
mation band,

If r =1 or 9, Reload Lockout will be imposed,
that is, the transfer to the information band of the
contents of the next card in the card reader will
be inhibited.

If r = 0 or 8, Reload Lockout will be released,
if it had been imposed.

If Format Lockout was imposed by the card whose
contents are being transferred by this CRD instruc-
tion, the execution of this CRD instruction will
release Format Lockout, leaving Reload Lockout set.
Thus, the contents of the card following the one
which imposed Format Lockout will not be automati-
cally transferred to the information band after
completion of this CRD instruction. Another Cardatron
cycle--the execution of either a CRD or CRF instruc-
tion--is required to release Reload Lockout.

Input sign control is effected as described in
the table on the following page.

Flow chart:

See page VI-60-9,
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Where

r =

v =

¥-09-1A

LS/1/6 sedeTday

8S/1/L

Digit | Sensed | (rC:41) | (xC:31) Effect

0 rD Any Any None. (Sign digit stored as 0.)

1 rD Any Any None, (Sign digit stored as 1.)

2 rD Any Any None. (Sign digit stored as 2.)

3 rD Any Any None, (Sign digit stored as 3.)

4 rD Any Any None., (Sign digit stored as 4.)

5 rD Any Any None, (Sign digit stored as 5.)

6 riB Any 0 This is a control word: terminate the trans-
fer of information from the information band;
release the Input Unit to read the next card;
enter the Fetch Phase at connector P (see
page II-Intro-15). The control word is then
treated as an instruction (because the sign
digit is even, there will be no B~register
address modification).

1 None. (8Sign digit stored as 6.)

7 riIB Any 0 Except that B-register address modification
will occur during the Fetch Phase--because
the sign digit is odd-~the effect is the
same as that when the sign digit is 6 and
v =0,

1 None, (Sign digit stored as 7.)
8 rD ; 8, Any None, (Sign digit stored as 8.)
9
8, 9 Any B-register address modification occurs; the
sign digit is stored as 0,
9 rD £ 8, Any None. (Sign digit stored as 9.)
£ 9
8, 9 Any B-register address modification occurs; the

sign digit is stored as 1.

Cardatron Input Sign Control
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Exceptional conditions:

1, Non-existent-address ALARM STOP., (See Remark 8, below.)
2. No-format ALARM STOP,

3. Non-existent-Input-Unit ALARM STOP,

4

. Digit-check ALARM STOP. (See Remark 9, below.)

Remarks:

l., r =38, 5, or 7 has the same effect as r = 1; r = 2, 4,
or 6 has the same effect as r = 0,

2, v=2, 4, 6, or 8 has the same effect as v = 0; v = 3,
5, 7, or 9 has the same effect as v = 1,

3. The inactive segment of a format band must contain
seven 0's. (Usually these 0's will occupy format band digit
positions 309 through 315.) If the inactive segment does not
contain these seven 0's, the last word transferred from the
information band will not be written in core storage:; it will
be lost to the program.

4, 1If Format Lockout is imposed, it is done by selecting
format band 8. Format band 8 must be selected in conjunction
with the selection of some other format band: if it is not, =a
no-format ALARM STOP will occur.

5. Once Reload Lockout is imposed, it can be removed only
by specification in a CRD or CRF instruction: removal of Reload
Lockout is achieved by making r an even digit.

6. At the beginning of the Execute Phase of a CRD instruc-
tion B[aaaa] = (rC:04) is transferred to the E register. The
address of the core storage location into which will be written
each successive word transferred from the information band is
obtained by decreasing by 1 the contents of the E register after
each word is stored.

Since the E register counts modulo the size of storage,
care must be exercised in the choice of Bfaaaa]. For example,
suppose the Data Processor has 4000 words of core storage;
suppose also that B[aaaa] is chosen so that some word is trans-
ferred to location 0000, After this word is stored, 1 will be
subtracted from 0000, the contents of the E register, modulo
4000, The E register will then contain 3999,

7/1/58
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7., The selection of numeric format--—format band 6--allows
a maximum of 13 numeric words to be transferred from the infor-
mation band to core storage when the next CRD instruction is
executed: all overpunches will be deleted.

Suppose, for example, that the instruction is 0 1000 CRD 1013;
suppose also that the control panel is wired 80-80., The execution
of the specified CRD instruction will load storage as displayed
in the table below:

Contents of numeric part of card column
stored in digit position
Location | * 1 2 3 4 5 6 7 8 9 0

1013 70 71 72 73 74 75 76 77 78 79 80
1012 50 60 61 62 63 64 65 66 67 68 69
1011 48 49 50 51 52 53 54 55 56 57 58
1010 37 38 39 40 41 42 43 44 45 46 47
1009 26 27 28 29 30 31 32 33 34 35 36
1008 15 16 17 18 19 20 21 22 23 24 25

1007 4 5 6 7 8 9 10 11 12 13 14
1006 w—— inserted 0's —————p= 1 2 3
1005 —————— ingserted O's -
1004 —-——— inserted O's —
1003 -———— inserted O's -
1002 -——— inserted O's -
1001 --——— inserted O's .

If it is desired to prevent the insertion of zeros as shown
above, it is necessary to supply the card with a word having a 6
or 7 in the sign-digit position. Suppose, for example, that it is
desired to transfer only four words from a card which has selected
numeric format; suppose also that the control panel is wired 80-
80. Then these four words must occupy the fields comprised of
columns 70 - 80, 59 - 69, 48 ~ 58, 37- 47, inclusive. The field
comprised of columns 26 - 36, inclusive, must be an instruction,
and must have a 6 or 7 in the sign~digit position (column 26).

Let the CRD instruction be as specified above. The execution
of that instruction will load storage as displayed below:

Contents of numeric part of card column
stored in digit position
Location | £ 1 2 3 4 5 6 7 8 9 0

1013 70 71 72 73 74 175 176 77 78 79 80
1012 59 60 61 62 63 64 65 66 67 68 69
1011 483 42 50 51 52 53 54 55 56 57 58
1010 37 38 39 40 41 42 43 44 45 46 47

No other locations in storage will be affected.

VI-60-6 7/1/58
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8, Once the transfer of information from the information
band to the Data Processor has begun, it can terminate only
when all of the information has been transferred to the D reg-
ister. Examination of the flow chart will disclose that the
information transfer is already under way when a non-existent-
address ALARM STOP can occur (it occurs before the first word
is written in core storage). Hence, none of the words will be
stored; in other words, the information is '"lost," that is,
the card whose contents were on the information band must be
re~read.

9. A digit-check ALARM STOP can occur after the execution
of a CRD instruction only as a result of detecting the imper-
missible configuration when the attempt is made to shift the
digit out of rD:0l, Examination of the flow chart will dis-
close that it is possible to write in core storage a word with
an impermissible configuration in some digit position. This
can happen because:

a. The contents of the D register are trans-
ferred to the IB register in two parts,
the high-order part of the word being split
off with rD:51., Hence, if the impermissible
configuration first occurs in any digit
position in rD:56 before the transfer to
rIB of (rD) is begun, it will be transferred
to riIB; and

b. Since the contents of the IB register are
transferred to storage in parallel, no check
is made in rIB for the impermissible con-
figuration,

Further examination of the flow chart discloses that the
contents of the D register are shifted to the right as each
additional digit is transferred from the information band to the
D register. Some digits are transferred to rD--whose contents
are shifted to the right as each digit is entered in rD:*xl.-
while the word in rIB is being written in storage: the transfer
to storage is completed before the D register is completely
filled with the next word from the information band.

Again it should be noted that once the transfer of infor-
mation to the Data Processor has begun, it can terminate only
when all of the information has been transferred to rD. Thus,
digits from the information band will "pile up" in rD:fl1 immedi-
ately after the impermissible configuration is detected. 1In
no case can the ALARM STOP be prevented from occurring. In any
event:

Vi-60-7 7/1/58
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a, It is not possible to predict with certainty
what will be in the D register;

b. The card whose contents were on the infor-
mation band must be re-read; and

c. The E register will provide a clue to the
location in storage of the word with the
impermissible configuration. Suppose the
word is in aaaa. Then (rE) = aaaa - 1.

VIi-60-8
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Description of operation:

Flow chart:

Clear rE, rIB,
(rC:04) = Blaaaa] - rE.

(rD) ~» rCD,
Clear rbh,

No-format or non-
existent~Input-Unit

ALARM STOP

provides pulses for Data

l (The Cardatron "clock" now
Processor operation, too.)

C) Shift (rD) one place
right. 11

Next digit from times

information band

(§>VI—60—11

C) (rD:01) - adder
(adder) - riB:61
(rD:;51) -» rIB:*+1

Shift (rD) and (rIB)
one place right.

Next digit from
information band
- rD:xl.

-+ rD:+1.
Sy
(rC:41)/8 = 1
(rD:x1)/8 = 1
Set (rD:*1)/8 = 0.
(rD:01) - adder
(rD;51) -» riIB:*1
6
times Shift (rD) and (rIB)

one place right.

Next digit from
information band
> rD:t1,

®
VI-60-10

<E>VI-60—10

VI-60-9 7/1/58
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Flow chart (continued):

VIi-60-9

(rIB:*1) /4
(riB:%1) /2
(rC:31)/1 = 0

nn
b=

Set up to
enter Fetch
Phase,

C) Terminate the
transfer of
information,

®
Il-Intro-15

(Adder) + (¥B:01)
> rIB:61

(rD:01) - adder
(rD:51) -» riIB:x1

Shift (rD) and (rIB)
one place right.

Shift and circulate
(rB) one place right.

Next digit fronm
information band
- rD:E1,

times

V1-60-10

Turn off carry
indicator.

(rD:01) - adder
(Adder) - riIB:61
(rD:51) » rIB:*1

Shift (rD) and {(rIB)
one place right.

Next digit from
information band
- rD:%1.

{ VIi-60-11

7/1/58
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Flow chart {(continued):

(§>VI—60-10
C

Shift (rD) one
place right.

AN |

Next digit from times
information band
- rD:21.

Non-existent-~ (riB) -» ((rE))
address (rE) - 1 » rE
ALARM STOP Clear rI1B

Cardatron
operation
complete

Operation complete

VIi-60-9

VI-60-11 7/1/58
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Register status:

Register Contents after Contents if non-existent-
name execution of CRD, address ALARM STOP occurs
A Unchanged Unchanged
R Unchanged Unchanged
D * *
B Unchanged Unchanged
P (rP)b + 1 (rP), + 1
b
C u ili r 6I0 B[iaa_aai] uli ijr[6 0 B[]aaia:?]
1
E Address of last loca- B{aaaa]
tion filled - 1.
*(rD:67) = 0000000; (rD:04) are the four high-
order digits of the last word transferred from
the buffer.
Contents if no-format
Register or non-existent-Input- Contents if digit-check
name Unit ALARM STOP occurs. ALARM STOP occurs,
A Unchanged Unchanged
R Unchanged Unchanged
D Cleared ok
B Unchanged Unchanged
P (rP)b + 1 (rP)b + 1
C uli ir 6'0 Bhaﬁaﬁ] uli ijr|6 0 Bhagaq]
E B{aaaa] Address of last loca-

{

]

tion filled -~ 1.

**Depends on when the impermissible configur-

ation is detected.

See flow

VIi-60-12

chart.

7/1/58
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Operation name:

CARD WRITE

Instruction format:

1234567890

tluli

f|{Opia a a a
I I S

Definitions:

*:

Op:

aaaa:

f is odd:

if * is odd, B-register address
modification will occur; otherwise,
there will be no such modification.

designates Output Unit.

not relevant to the execution of
this instruction

specifies which of the T RELAYS
is/are selected for additional
control of the line printer.

specifies which format band is
used to edit the output; in
addition, if

the Suppress-12 mode of
printing or punching is
selected,

f is even:

the Suppress-12 mode is
not selected,

operation code,
address of base of location from
which is taken the first digit

transferred to the information
band,

VI-61-2

Operation code; 61

Abbreviation:

Time (us):
Minimum:

fetch:

execute:

total:
Average:

fetch:

execute:

total:
Maximum:

fetch:

execute:

total:

CWR

90
8545

90
9960

90
11940

7/1/58

Replaces 9/1/57
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Description of operation:

Summary:

Transfer to the information band of Output Unit u
the contents of up to 29 core storage locations as follows:
the contents of Bfaaaa] are transferred first; (Bl{aaaa] - 1)
are transferred next; ...; (B[aaaa] - 27) are transferred
next; (B[aaaal - 28:08) are transferred last. The number
of digits transferred is determined by the editing control
stream on the format band which is specified by f.

The format band whose contents are used to edit the
information transferred to the information band is speci-
fied in the table below:

Format Suppress-12
Band Mode?

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

PONOUB WO | M
QDU DB WWN DN -

The Suppress-12 mode has to do with overpunching the
sign digits of numeric words, that is, words whose signs
are either 0 or 1, in accordance with either of the two
conventions for overpunching signs., The Suppress-~12 mode
also has to do with printing the sign digits of numeric
words (in the tables below it is assumed that the printer
is a 407 with Type A print wheels).

Two cases need to be considered:

Case 1: the sign digit is translated
by the editing control stream
digit pair 10. 1In this case
the sign digit occupies a col-
umn or print position by itself.

Suppress-12 + =0 + =1
Mode? Punch Print Punch Print
Yes blank blank 11 -
No 12 & 11 -

7/1/58
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Case 2: the digit preceding the sign
digit and the sign digit are
translated by the editing
control stream digit pair 11.
In this case the sign digit
shares a column or print
position with the digit
which precedes it.

Suppress-12 r =0 + =1
Mode? Punch Print Punch Print
Yes Blank a 11 b
No 12 c 11 b

a, The digit preceding the sign digit.

b. The alphanumeric character whose code is 1ll-n,
where n is the digit preceding the sign digit.

c¢. The alphanumeric character whose code is 12-n,
where n is the digit preceding the sign digit.

The digit ¢ is used to transfer the T RELAYS whose
points are available on the control panel of the printer.
After the edited contents of the information band have
been transferred to the printer, all of the relays will
have been returned to their normal (N) position: they
are returned to normal just prior to the transfer from
the Core Shift Register of the last row of information.
The selection of relays specified by ¢ is shown in the
following table:

Relays
Selected

[¢]

None

RO U W O
o

7/1/58
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As soon as the transfer of information from core
storage to the information band is completed, the Output
Unit automatically directs the transfer of the contents
of the information band to the card-handling machine.

Flow chart:

See page VI-61-7.

Exceptional conditions:

1. Non-existent-address ALARM STOP. (See Remark 2, below.)
2. Non-existent~Qutput-Unit ALARM STOP.

3. Digit-check ALARM STOP., (See Remark 3, below.)

Remarks:

1. At the beginning of the Execute Phase of a CWR instruction
B{aaaa] = (rC:04) is transferred to the E register. The address
of the core storage location from which is read each successive
word transferred to the information band is obtained by decreasing
by 1 the contents of the E register after each word is read.

Since the E register counts modulo the size of storage, care
must be exercised in the choice of Bl[aaaa]. For example, suppose
the Data Processor has 4000 words of core storage; suppose also
that Blaaaa] < 0028: hence, some word will be read from location
0000, After This word is read, 1 will be subtracted from 0000,
the contents of the E register, modulo 4000. The E register will
then contain 3999.

2. Examination of the flow chart will disclose that control
is vested in the Cardatron--by virtue of the fact that the Cardatron
"eloek" is providing pulses for Data Processor operation, too--
when a non-existent address is detected. The detection of the non-
existent address inhibits the transfer of any information in the
Data Processor. But the Cardatron must complete its cycle of
operation, even though no information is transferred from the Data
Processor to the buffer. The ALARM STOP will occur after Part 1
of the Cardatron cycle is completed. Part 2 of the Cardatron
cycle will also occur:

a., If the Output Unit is connected to a punch,
a card will be fed. The card will contain
a mixture of blank columns and O-punches, the
configuration being determined by the contents
of the format band selected by the CWR instruc-

tion.

7/1/58
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b. If the Output Unit is connected to a printer,
a blank line will be "printed."

3. The detection of an impermissible configuration occurs
when (rIB:01) and (rD:0l) are shifted to the right. Such an event
can occur only after control is vested in the Cardatron (see the
flow chart). The detection of the impermissible configuration
immediately stops the transfer of information within the Data
Processor, and from the Data Processor to the buffer, But Cardatron
must complete its cycle of operation, even though no more infor-
mation is transferred to it. The digit-check ALARM STOP will
occur after Part 1 of the Cardatron cycle is completed. Part 2
of the Cardatron cycle will also occur. The nature of the output
depends both on the editing control stream and on how much infor-
mation was transferred from the Data Processor to the buffer,

7/1/58
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Description of operation:

Flow chart:

Clear rE, riIB.

(rC:04) - rE,

(rb) - rCD,
Clear rD.
Non~existent- ) (The Cardatron ''clock' now
Output~Unit provides pulses for Data
ALARM STOP Processor operation, too.)
Non-existent-
address (Blaaaa]) -» rIB
ALARM STOP

Clear adder

®
Vi-6l1l-8

(Adder) - information

Ot

band.
(riB:01) - adder
(rIiB:41) - rD:51 5
times
Shift (rIB) one place
right.
Shift (rD) one place
right.
(i) (Adder) - information
band.

(rIB:01) - adder
Clear riIB
(rE) - 1 » rE

(E)VI-GI-S

Vi-61-7 7/1/58
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Flow chart (continued):

VIi-61-7

((rE)) - riIB.

(Adder) - information
band.

(rD:01) - adder 5

times
Shift (rD) one place
right.

C) Clear rD,

Cardatron
operation
complete

Operation complete

(§>VI-61-7

VI-61-8 7/1/58



THE CARDATRON SYSTEM

Register status:

Register Contents after Contents if digit-check

name execution of CWR, ALARM STOP occurs.

A -Unchanged Unchanged

R Unchanged Unchanged

D Cleared *

B Unchanged Unchanged

P (rP)b + 1 (rP)b + 1

C ulilc|f 611 Bl aaaa ulilc|f!6 1{B[aaaa]
1.4 | ! i ]

E Blaaaa] - 29 *.

*Depends on when the impermissible configur-
ation is detected. See flow chart.

Contents if non-existent-

address or non-existent-

Register Output~-Unit ALARM STOP
name occurs.,

Unchanged
Unchanged
Cleared

Unchanged
(I‘P)b + 1

two=me

O

ufifc|f(6 1 B[aaa?]

B(aaaa]

VIi-61-9 7/1/58



Operation name:

OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

CARD READ, FORMAT LOAD

Instruction format:

+1234567890
+(u ii|f|opfa a aa
Definitions:
+: if + is odd, B-~register address-
modification will occur; otherwise,
there will be no such modification.
u: designates Input Unit.
ii: not relevant to the execution of
this instruction.
f: specifies which format band will
be written.
Op: operation code.
aaaa: address of base of location from

which is read the first word trans-
ferred to the format band specified
by f.

Vi-62-2

Operation code: 62

Abbreviation:

Time {(us):

Minimum:

fetch:

execute:

total:
Average:

fetch:

execute:

total
Maximum:

fetch:

execute:

total:

CRF

90
8545

90
9960
10050

90
11940

7/1/58
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Description of operation:

Summary:

Transfer to the format band specified by f-~on Input Unit
u--the contents of 29 core storage locations as follows: the
contents of B[aaaa] occupy format band digit positions 1
through 11; (B[aaaa] - 1) occupy positions 12 through 22; ...;
(B aaaa] -~ 27) occupy positions 298 through 308;

(Blaaaa] - 28:07) occupy positions 309 through 315,

The selection of the format band on which the editing
control stream is written and the imposition or release of
Reload Lockout are accomplished as described in the table
below:

Format Reload
Band Lockout

Released
Imposed
Released
Imposed
Released
Imposed
Released
Imposed
Released
Inmposed

LI UInWNERO | H
OV Onah i LN DO =

Flow chart:

See page VI-62-5,

Exceptional conditions:

1. Non-existent-address ALARM STOP, (See Remark 3, below.)
2, Non-existent-Input-Unit ALARM STOP,.

3. Digit-check ALARM STOP (See Remark 4, below.)

Remarks:

1, A format band digit position contains only two bits. Hence,
a format band digit may be only one of 0, 1, 2, or 3. If an attempt
is made to write as a format band digit some decimal digit greater
than or equal to 4, the 4-bit or the 8-~bit will be dropped when
that decimal digit is transferred to the selected format band,

2. At the beginning of the Execute Phase of a CRF instruction
Blaaaa] = (rC:04) is transferred to the E register. The address of

7/1/58
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the core storage location from which is read each successive word
transferred to the format band is obtained by decreasing by 1 the
contents of the E register after each word is read,

Since the E register counts modulo the size of storage, care
must be exercised in the choice of Blaaaa]. For example, suppose
the Data Processor has 4000 words of core storage; suppose also
that Blaaaa] ¢ 0028; then some word will be read from location 0000.
After this word is read, 1 will be subtracted from 0000, the con-
tents of the E register, modulo 4000, The E register will then
contain 3999,

3. Examination of the flow chart will disclose that control
is vested in the Cardatron--by virtue of the fact that the Card-
atron "clock" is providing pulses for Data Processor operation,
foo--when a non-existent address is detected. The detection of
the non-existent address inhibits the transfer of information in
the Data Processor. But the Cardatron must complete its cycle of
operation, even though no information is transferred from the Data
Processor to the buffer.

The ALARM STOP will occur after the Cardatron cycle is com-
pleted. It will appear that the designated format band had all 0's
written on it.

4, The detection of an impermissible configuration occurs
when (rIB:01) and (rD:01) are shifted to the right. Such an event
can occur only after control is vested in the Cardatron (see the
flow chart). The detection of the impermissible configuration
immediately stops the transfer of information within the Data
Processor, and from the Data Processor to the buffer. But the Card-
atron must complete its cycle of operation, even though no more
information is transferred to it,

The digit-check ALARM STOP will occur after the Cardatron
cycle is completed. It will appear that the designated format
band contains O's following the last digit transferred from the
Data Processor,

7/1/58
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SYSTEM

Description of operation:

Flow chart:

Non-existent-
Input-Unit
ALARM STOP,

Non-existent-
address
ALARM STOP,

Clear rE, riIB.

(rC:04) > rE.

(rD)

l Clear rD,

(§>VI-62—6

- rCD,

(The Cardatron "clock" now
provides pulses for Data
Processor operation, too.)

(Blaaaa]) » riB.

Clear adder

_{:>

(Adder) - format band
(rIB:01) - adder-
{(rIB:41) - rD:51

Shift (rIB) one place
right.

Shift (rD) one place
right.

times

Vi-

VI-62-5

(Adder) - format band
(rIB:01) - adder
Clear rIB

(rE) - 1 » rE

62-6

7/1/58

Replaces 9/1/57
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Flow chart (continued):

VI-62-5

((rE)) - riB.

(Adder) - format band
(rD:01) - adder

Shift (rD) one place times

right.

Clear rD,

Cardatron
operation
complete

Operation complete

VI--62--5

7/1/58
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RHegister status:

Register Contents after Contents if digii-check
narne execution of CRF, ALARM STOP occurs.
A Unchanged Unchanged
i Unchanged Unchanged
D Cleared *
B Unchanged Unchanged
P (rP)y, + 1 (rP)y, + 1
C uji ilf|6 2|B[asaa] uli i|f|6 2 B[aaa?]
Py L1
E Blaaaa] ~ 29 *

*Depends on when the impermissible configur-
ation is detected. See flow chart.

Contents if non-existent-
address or non-~-existent-
Register Input-Unit ALARM STOP

name occurs,

A Unchanged

R Unchanged

D Cleared

B3 UUnchanged

P (xP)y, + 1

C u ili £ 6‘2 Bl aaaa]

[
E Blaaaa]

VI-62-7 7/1/58
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Operation name:

CARD WRITE, FORMAT LOAD

Instruction format:

+1234567890

+lu ili f Opja a a a
Definitions:

+: if * is odd, B-register address-
modification will occur; otherwise,
there will be no such modification.

u: designates Qutput Unit.

ii: not relevant to the execution of
this instruction.

f: specifies which format band will
be written.

Op: operation code,

aaaa: address of base of location from

which is read the first word
transferred to the format band
specified by f.

Vi-63-2

Operation code:

63

Abbreviation:

Time (us):
Minimum:

fetch:

execute:

total:
Average:

fetch:

gxecute:

total:
Maximum:

fetch:

execute:

total:

CWF

90
9960
10050

90
11940

7/1/58

Replaces 9/1/57
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Description of operation:

Summarz:

Transfer to the format band specified by f--on Output
Unit u--the contents of 29 core storage locations as follows:
the contents of B[aaaa] occupy format band digit positions 1
through 11; (B[aaaa] - 1) occupy positions 12 through 22;
el (B{aaaa] - 27) occupy positions 298 through 308;
(B[aaaa]| - 28:08) occupy positions 309 through 316,

The selection of the format band on which the editing
control stream is written is accomplished as described in
the table below:

Format
f Band

LN AR
kO

WSRO

Flow chart:

See page VI-63-5.

Exceptional conditions:

1. Non-existent-address ALARM STOP. (See Remark 3, below.)
2, Non-existent-Output-Unit ALARM STOP.

3. Digit-check ALARM STOP. (See Remark 4, below.)

Remarks:

1. A format band digit position contains only two bits., Hence,
a format band digit may be only one of 0, 1, 2, or 3. If an attempt
is made to write as a format band digit some decimal digit greater
than or equal to 4, the 4-bit or the 8-bit will be dropped when the
decimal digit is transferred to the selected format band.

2, At the beginning of the Execute Phase of a CWF instruction
Blaaaa] = (rC:04) is transferred to the E register. The address of
the core storage location from which is read each successive word
transferred to the format band is obtained by decreasing by 1 the
contents of the E register after each word is read from storage.

7/1/58
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Since the E register counts modulo the size of storage, care
must be exercised in the choice of B[aaaa)]. For example, suppose
the Data Processor has 4000 words of core storage; suppose also
that B[aaaa] < 0028: then some word will be read from location
0000. After this word is read, 1 will be subtracted from 0000,
the contents of the E register, modulo 4000, The E register will
then contain 3999.

3. Examination of the flow chart will disclose that control
is vested in the Cardatron--by virtue of the fact that the Cardatren
"elock'" is providing pulses for Data Processor operation, too--when
a non-existent address is detected. The detection of the non-existent
address inhibits the transfer of information in the Data Processor.
But the Cardatron must complete its cycle, even though no informa-
tion is transferred from the Data Processor to the buffer.

The ALARM STOP will occur after the Cardatron cycle is com-
pleted. It will appear that the designated format band had all
O's written on it.

4. The detection of an impermissible configuration occurs
when (rIB:01) and (rD:01) are shifted to the right. Such an event
can occur only after control is vested in the Cardatron. (see the
flow chart). The detection of the impermissible configuration
immediately stops the transfer of information with the Data Processor,
and from the Data Processor to the buffer. But Cardatron must
complete its cycle of operation, even though no more information
is transferred to the buffer,.

The digit-check ALARM STOP will occur after the Cardatron
cycle is completed. It will appear that the designated format

band contains 0's following the last digit transferred from the
Data Processor,

7/1/58
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Description of operation:

Flow chart:

Clear rE, rlIB.

(rC:04) > rE,

(rD) > rCD.
Clear rD,
Non-existent- (The Cardatron "clock'" now
Output-Unit provides pulses for Data
ALARM STOP, Processor operation, too.)
Non-existent-
address (B{aaaal]) » riB
ALARM STOP,

Clear adder

®
Vi-63-6

(Adder) - format band
(riB:01) - adder
(riB:41) - rD:51 5

times
Shift (rIB) one place
right.

Shift (rD) one place
right

._{:>

(Adder) - format band
{(rIB:01) > adder
Clear riB

(rE) - 1 » rE

VIi-63-6

7/1/58
VI-63-5 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Flow chart (continued):

VI-63-5

((rE)) » rIB

(Adder) - format band

(rD:01) ~» adder
5

Shift (rD) one place times
right.

(}) Clear rD,

' Cardatron

operation
conplete

Operation complete

VI--63--5

7/1/58

VI-63-6 Replaces 9/1/57



THE CARDATRON SYSTEM

Register status:

Register Contents after Contents if digit-check

name execution of CWF, ALARM STOP occurs.

A Unchanged Unchanged

R Unchanged Unchanged

D Cleared *

B Unchanged Unchanged

P (rP)y, + 1 (rP)y + 1

C u iii f 6|3 Bga?.a?] u i}i f 613 Blaaaa]
Pl

E Blaaaa] - 29 *

*Depends on when the impermissible configur-
ation is detected. See flow chart.

Contents if non-existent-

address or non-existent-

Register Output-Unit ALARM STOP
name occurs,

Unchanged
Unchanged
Cleared

Unchanged
(rP)y, + 1

THOoEe

O

uli. i|f 6’3 B!a?a?]
]
E B[aaaa]

VI-63-7 7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation name:

CARD READ INTERROGATE,

BRANCH

Instruction format:

+ 12345678290

*lu ilili Qp a'alala
befinitions:

+: if * is odd, B-register address-
modification will occur; cotherwise,
there will be no such modification.

u: designates Input Unit.

iii: not relevant to the execution of
this instruction,

Op: operation code.

aaaa: address of base of location of

alternate instruction.

VI-64-2

Operation code: 64

Abbreviation: CRI
Time: (ps):
No branch:
Minimum:
fetch: 90
execute: 245
total: 335
Average:
fetch: 90
execute: 265
total: 355
Maximum:
fetch: 350
execute: 285
total 375
Branch:
Minimum:
fetch: 90
execute: 265
total: 355
Average:
fetch: 90
execute: 285
total: 375
Maximum:
fetch: a0
execute: 305
total: 395
7/1/58

Replaces 9/1/57



THE CARDATRON SYSTEM

Description of operation:

Summary:

If Input Unit u is ready, transfer control to B{aaaa],

that is, prepare to take the next instruction from Bl{aaaa
otherwise, control continues in sequence.

Flow chart:
(f) Clear rE, riIB,

(rC:04) = Blaaaa] - rE.

.
’

(rD) - rCD
Clear rD
Non-existent~
Input-Unit
ALARM STOP ;
Input Unit
is ready

C) (rC:04) = Blaaaa] » rP

Operation complete

7/1/58
Vi-64-3 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Exceptional conditions:

l. Non-existent-Input-TUnit ALARM STOP.

Remarks:

Register status:

Contents if non-

Register Contents after existent-Input-Unit
name execution of CRI, ALARM STOP occurs,
A Unchanged Unchanged
R Unchanged Unchanged
D Cleared Cleared
B Unchanged Unchanged
P No branch: (rP)y, + 1 (rP)b + 1
Branch: Bl[aaaal]
C ufi ili 614 B[a%afi] ufi i if6 4 B[a?a?,]
| 1 )
E B[ aaaa] Blaaaa]

7/1/58
VI-64-4 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Operation code: 65

Operation name: CARD WRITE INTERROGATE, Abbreviation: CWI
BRANCH

Time (ps)
Instruetion format:

No branch:

+123456789¢0 Minimum:
tlufi i ijopja a a a fetch: 90
L ’ Lot | execute: 245

total: 335

Definitions:
Average:
+: if + is odd, B-register address-
modification will occur; otherwise, fetch 90
there will be no such modification, execute: 265
total: 355
u: designates Output Unit.
Maximum:
iii: not relevant to the execution of
this instruction. fetch: 90
execute: 285
Cp: operation code. total: 375
aaaa; address of base of location of Branch:
alternate instruction. Minimum:
fetch: 90
execute: 265
total: 355
Average:
fetch: 90
execute: 285
total: 375
Maximum:
fetch: 90
execute: 305
total: 395

7/1/58
VI~65-2 Replaces 9/1/57



THE CARDATRON SYSTEM

Description of operation:

Summary:

If Output Unit u is ready, transfer control to Bl[aaaal],
that is, prepare to take the next instruction from B[aaaa];
otherwise, control continues in sequence,

Flow chart:

Clear rE, rIB.
(rC:04) = Blaaaa] » rE,

(rD) -» rCD
Clear rD

Non-existent-
Output-tnit
ALARM STOP

OCutput Unit
is ready.

() (rC:04) = Blaaaa] > rP.

Operation complete

7/1/58
VI-65-3 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Exceptional conditions:

1. Non-existent-Output-Unit ALARM STOP

Remarks:

Register status:

Contents if non-
Register Contents after existent-Output-Unit
name execution of CWI, ALARM STOP occurs.
A Unchanged Unchanged
R Unchanged Unchanged
D Cleared Cleared
B Unchanged ) Unchanged
p No branch: (rP)y, + 1 (rP)p + 1
Branch: Blaaaa]
C uli i i Blaaaa] uidiilé 5|B[aaaal
| | [ B | Lyt
E Blaaaa|] Bl{aaaa]
7/1/58
VI-65-4 Replaces 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Appendix 1. A Summary of Operations in Operation-Code Order
Instruction
Format Operation

+ 1234 56 7890 Abr Name Reference
+ iiii 00 iiii HLT HALT 11-00
+ iiii 01 iidii NOP NO OPERATION I11-01
+ unnv 03 aaaa PRD PAPER-TAPE READ v-03
+ uiiv 04 aaaa PRB PAPER~TAPE READ, BRANCH V-04
t+ unnv 05 aaaa PRI PAPER-TAPE READ, INVERSE FORMAT vV-05
* unni 06 aaaa PWR PAPER-TAPE WRITE v-06
+ uiii 07 aaaa PWI PAPER~TAPE WRITE, INTERROGATE

BRANCH V-07
+ 5&%3 08 iiii KAD KEYBOARD ADD III-08
+ &wikd 09 aaaa SPO SUPERVISORY PRINT~OUT III-09
+ iii0 10 aaaa CAD CLEAR ADD 11-10
+ iiil 10 aaaa CAA CLEAR ADD ABSOLUTE 1I1-10
+ iii0 11 aaaa CSsUu CLEAR SUBTRACT 11-11
+ iiil 11 aaaa CSA CLEAR SUBTRACT ABSOLUTE I11-11
+ iii0 12 aaaa ADD ADD II-12
* iiil 12 aaaa ADA ADD ABSOLUTE II-12
+ 1ii0 13 aaaa SUB SUBTRACT II-13
+ iiil 13 aaaa SUA SUBTRACT ABSOLUTE I1-13
+ iiii 14 aaaa MUL MULTIPLY II-14
+ iiii 15 aaaa DIV DIVIDE II-15
+ iiii 16 iiii RND ROUND II-16
+ iiii 17 aaaa EXT EXTRACT 11-17
* sLfO 18 aaaa CFA COMPARE FIELD A II-18
+ sLfl 18 aaaa CFR COMPARE FIELD R 11-18
+ iiii 19 aaaa ADL ADD TO LOCATION I11-19
* nnnn 20 aaaa IBB INCREASE B, BRANCH I11-20
+ apnn 21 aaaa DBB DECREASE B, BRANCH I1-21
+ il 22 aaaa FAD FLOATING ADD I11-22
+ iiil 22 aaaa FAA FLOATING ADD ABSCLUTE I1-.22
+»31i0 23 aaaa FSU FLOATING SUBTRACT 11-23
tnhiil 23 aaaa FSA FLOATING SUBTRACT ABSOLUTE 11-23
+ iiii 24 aaaa FMU FLOATING MULTIPLY i1.-24
+ iiii 25 aazaa FDV FLOATING DIVIDE I1-25
+ sLnn 26 aaaa IFL INCREASE FIELD LOCATION II-26
+ slnn 27 aaaa DFL DECREASE FIELD LOCATION I1-27
+ sLnn 28 aaaa DLB DECREASE FIELD LOCATION, LOAD B 11.28
+ inni 29 aaaa RTF RECORD TRANSFER 11-29
+ iiii 30 aaaa BUN BRANCH, UNCONDITICONALLY I11-30
+ iiii 31 aaaa BOF BRANCH, OVERFLOW I1-31
+ iiii 32 aaaa BRP BRANCH, REPEAT 11-32
* jiiin 33 aaaa BSA BRANCH, SIGN A I11-33
* iii0 34 aaaa BCH BRANCH, COMPARISON HIGH 11-34
+ iiil 34 aaaa BCL BRANCH, COMPARISON LOW I1-.34
* iii0 35 aaaa BCE BRANCH, COMPARISON EQUAL I11-35
+ iiil 35 aaaa BCU BRANCH, CCMPARISON UNEQUAL IT-35
+ sLnn 36 aaaa BFA BRANCH, FIELD A 11-36
+ sLnn 37 aaaa BFR BRANCH, FIELD R I1-37
+ uiii 38 aaaa BCS BRANCH, CONTROL SWITCH I11-38
+ sLf0 40 aaaa -STA STORE A 11-40
+ sLfl 40 aaaa STR STORE R I1-40
+ sLf2 40 aaaa STB STORE B I1.40

Al-2

9/1/57



A SUMMARY OF OPERATIONS IN OPERATION-~CODE ORDER

Instruction
Format Operation

+ 1234 56 7890 Abr Name Referenc%
+ iiii 41 aaaa LDR LOAD R I1-41
+ iii0 42 aaaa LDB LOAD B I11-42
+ iiil 42 aaaa LBC LOAD B COMPLEMENT I1-42
+ iiin 43 iiii LSA LOAD SIGN A I11-43
t iiii 44 aaaa STP STORE P IT1-44
+ iiil 45 iiii CLA CLEAR A 11-45
+ iii2 45 iiii CLR CLEAR R 11-45
* 1ii3 45 iiii CAR CLEAR A, R 1I-45
t iii4 45 iiii CLB CLEAR B I1-45
+ iiib 45 iiii CAB CLEAR A, B I11-45
+ iii6 45 iiii CRB CLEAR R, B 11-45
+ iii7 45 iiii CLT CLEAR A, R, B I1-45
+ iiii 46 aaaa CLL CLEAR LOCATION I11-46
+ 1ii0 48 iinn SRA SHIFT RIGHT A IT-48
+ i1iiil 48 iinn SRT SHIFT RIGHT A AND R IT-48
+ iii2 48 iinn SRS SHIFT RIGHT A WITH SIGN I1I-48
+ iii0 49 iinn SLA SHIFT LEFT A I11-49
+ iiil 49 iinn SLT SHIFT LEFT A AND R 11-49
+ iii2 49 iinn SL3 SHIFT LEFT A WITH SIGN I1-49
0 uhh0 50 aaaa MTS MAGNETIC-TAPE SEARCH IV-50
4 uhhO 30 aaaa MFS MAGNETIC~TAPE FIELD SEARCH IV-50
* uhh4 50 iiii MLS MAGNETIC-TAPE LANE SELECT IV-50
+ uhh8 50 iiii MRW MAGNETIC-TAPE REWIND IV-50
+ uhh9 50 iiii MDA MAGNETIC-TAPE REWIND, DE-ACTIVATE IV.530
0 uhhk 51 aaaa MTC MAGNETIC-TAPE SCAN 1v-51
4 uhhk 51 aaaa MFC MAGNETIC-TAPE FIELD SCAN IV-51
+ univ 52 aaaa MRD MAGNETIC-~TAPE READ IV-52
*+ univ 53 aaaa MRR MAGNETIC-TAPE READ, RECORD IV-53
+ unkk 54 aaaa MIW MAGNETIC-TAPE INITIAL WRITE IV-54
*+ unii 55 aaaa MIR MAGNETIC-TAPE INITIAL WRITE, RECORD IV-55
+ unkk 56 aaaa MOow MAGNETIC-TAPE OVERWRITE IV-56
* unii 57 aaaa MOR MAGNETIC-TAPE OVERWRITE, RECORD IV-57
+ uni0 58 iiii MPF MAGNETIC-TAPE POSITION FORWARD IV-58
+ unil 58 iiii MPB MAGNETIC-TAPE POSITION BACKWARD IV-58
+ uni2 58 iiii MPE MAGNETIC-TAPE POSITION AT END OF

INFORMATION IV-58
+ uii0 59 aaaa MIB MAGNETIC-TAPE INTERROGATE, BRANCH IV-59
+ uiil 59 aaaa MIE MAGNETIC-TAPE INTERROGATE END OF

TAPE, BRANCH IV-59
+ uiir 60 aaaa CRD CARD READ Vi-60
+ uicf 61 aaaa CWR CARD WRITE VIi-61
* uiif 62 aaaa CRF CARD READ, FORMAT LOAD VI-62
+ uiif 63 aaaa CWF CARD WRITE, FORMAT LOAD VIi-63
+ uiii 64 aaaa CRI CARD READ INTERROGATE, BRANCH Vi-64
+ uiii 65 aaaa CWl CARD WRITE INTERROGATE, BRANCH Vi-B65

Al-3
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Appendix 2., A Summary of Operations in Alphabetic Order
Instruction
Format Operation
+ 1234 56 7890 Abr Name Reference
+ iii0 12 aaaa ADD ADD 11-12
+ iiil 12 aaaa ADA ADD ABSOLUTE I1-12
+ jiiii 19 aaaa ADL ADD TO LOCATION I1-19
+ iii0 35 aaaa BCE BRANCH, COMPARISON EQUAL 11-35
+ 11i0 34 azaaa BCH BRANCH, COMPARISON HIGH 11-34
*+ i1iil 34 aaaa BCL BRANCH, COMPARISON LOW 11-34
%+ 1iil 35 aaaa BCU BRANCH, COMPARISON UNEQUAL 11-35
+ uiii 38 aaaa BCS BRANCH, CONTROL SWITCH I111-38
* slnn 36 aaaa BFA BRANCH, FIELD A 11-36
+ sLnn 37 aaaa BFR BRANCH, FIELD R 11-37
+ iiii 31 aaaa BOF BRANCH, OVERFLOW 11-31
* ijii 32 aaaa BRP BRANCH, REPEAT I1-32
+ iiin 33 aaaa BSA BRANCH, SIGN A 11-33
+ iiii 30 aaaa BUN BRANCH, UNCONDITIONALLY I1-30
t uiir 60 aaaa CRD CARD READ ‘ Vi-60
* uiif 62 aaaa CRF CARD READ, FORMAT 1.0AD VIi-62
+ uiii 64 aaaa CRI CARD READ INTERROGATE, BRANCH Vi-64
+ uicf 61 azaa CWR CARD WRITE : Vi-6l
+ uiif 63 aaaa CWF CARD WRITE, FORMAT LOAD Vi-63 .
+ uiii 65 aaaa CW1 CARD WRITE: INTERROGATE, BRANCH VI-65
+ ijiil 45 iiii CLA CLEAR A I1.45
+ 1ii% 45 idiit CAB CLEAR A, B 11-45
* iii0 10 azaa CAD CLEAR ADD I1-10
+ iiil 10 aaaa CAA CLEAR ADD ABSCLUTE I1-10
+ iii3 45 iiii CAR CLEAR A, R I1-45
+ iii7 45 iiii CLT CLEAR A, R, B I1-45
+ iiid4 45 iiii CLB CLEAR B I11-.45
+ i1iiji 46 aaaa CLL CLEAR LOCATION I1I1-.46
t+ iii2 45 iiii CLR CLEAR R I1-45
+ jii6é 45 iiii CRB CLEAR R, B 11-45
+ iii0 11 aaaa CSU CLEAR SUBTRACT IT-11
+ iiil 11 aaaa CSA CLEAR SUBTRACT ABSOLUTE II-11
+ sLf0 18 aaaa CFA COMPARE FIELD A II-18
+ sLfl 18 aaaa CFR COMPARE FIELD R II-18
* nnnn 21 aaaa DBB DECREASE B, BRANCH I11-21
* slnn 27 aaaa ' DFL DECREASE FIELD LOCATION I11-27
* sLan 28 aaaa D1B DECREASE FIELD LOCATION, LOAD B I1-28
+ iiii 15 aasa DIV DIVIDE II-15
+ iiii 17 aaaa EXT EXTRACT I1-17
+xtii0 22 aaaa FAD FLOATING ADD 11-22
th$iil 22 aaaa FAA FLOATING ADD ABSOLUTE 11-22
+ iiii 25 aaaa FDV FLOATING DIVIDE I11-25
+ jiii 24 aaaa FMU FLOATING MULTIPLY I1-24
t»31i0 23 aaaa FSU FLOATING SUBTRACT I1-23
*hriil 23 aaaa FSA FLOATING SUBTRACT ABSCLUTE 11-23 "
* nnon 20 aaaa IBB INCREASE B, BRANCH I11-20
* slnn 26 aaaa IFL INCREASE FIELD LOCATION 11-26
T+ iiii 00 iiii HLT HALT I1-00

A2-2
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A SUMMARY OF OPERATIONS IN ALPHABETIC ORDER

Instruction
Format Operation

+ 1234 56 7890 Abr Name Referencﬂ
+ iiii 08 iiii KAD KEYBOARD ADD ITI-08
+ iii0 42 aaaa LDB LOAD B 11-42
£ iiil 42 aaaa LBC LOAD B COMPLEMENT I11-42
+ iiii 41 aaaa LDR LOAD R 11-41
+ iiin 43 iiii LSA LOAD SIGN A I11-43
4 uhhk 51 aaaa MFC MAGNETIC~TAPE FIELD SCAN IV-51
4 uhh0 50 aaaa MFS MAGNETIC-TAPE FIELD SEARCH IV-50
+ unkk 54 aaaa MIW MAGNETIC-TAPE INITIAL WRITE IV-54
+ unii 55 aaaa MIR MAGNETIC-TAPE INITIAL WRITE, RECORD IVv-55
+ uii0 59 aaaa MIB MAGNETIC-TAPE INTERROGATE, BRANCH IvV-59
* uiil 59 aaaa MIE MAGNETIC-~TAPE INTERROGATE END OF

TAPE, BRANCH IV-59
+ uhh4 50 iiii MLS MAGNETIC-TAPE LANE SELECT IV-.30
+ unkk 56 aaaa MOW MAGNETIC~TAPE OVERWRITE IV-56
+ unii 57 aaaa MOR MAGNETIC-TAPE OVERWRITE, RECORD IVv.57
+ uii2 58 iiii MPE MAGNETIC-TAPE POSITION AT END OF

INFORMATION ' IV-58
+ unil 58 iiii MPB MAGNETIC~TAPE POSITION BACKWARD IVv-58
* uni0 58 iiii MPF MAGNETIC-TAPE POSITION FORWARD IV-58
* univ 52 aaaa MRD MAGNETIC-TAPE READ IV.32
*+ univ 53 aaaa MRR MAGNETIC-TAPE READ, RECORD IV-53
+ uhh8 50 iiii MRW MAGNETIC-~TAPE REWIND 1V-50
£ uhh9 50 iiii MDA MAGNETIC-TAPE REWIND, DE-ACTIVATE IV-50
0 uhhk 51 aaaa MTC MAGNETIC-TAPE SCAN 1Vv-51
0 uhhO 50 aaaa MTS MAGNETIC-TAPE SEARCH IV-50
+ iiii 14 aaaa MU, MULTIPLY 11-14
+ iiii 01 iiii NOP NO OPERATION 11-01
+ unnv 03 aaaa PRD PAPER-TAPE READ v-03
+ uiiv 04 aaaa PRB PAPER-TAPE READ, BRANCH V-04
+ unnv 05 aaaa PRI PAPER-TAPE READ, INVERSE FORMAT V-03
+ unni 06 aaaa PWR PAPER-TAPE WRITE vV-06
* uiii 07 aaaa PWI PAPER~TAPE WRITE INTERROGATE,

BRANCH V-07
+ inni 29 aaaa RTF RECORD TRANSFER I11-29
+ iiii 16 iiii RND ROUND II-16
* 1ii0 49 iinn SLA SHIFT LEFT A i1-49
+ iiil 49 iinn SLT SHIFT LEFT A AND R 11..49
* iii2 49 iinn SLS SHIFT LEFT A WITH SIGN II-49
* iii0 48 iinn SRA SHIFT RIGHT A I1-48
+ iiil 48 iinn SRT SHIFT RIGHT A AND R II-48
+ iii2 48 iinn SRS SHIFT RIGHT A WITH SIGN 11-48
+ sLfO 40 aaaa STA STORE A 11-40
+ sLf2 40 aaaa STB STORE B 1140
+ iiii 44 aaaa STP STORE P I11-44
* sLfl 40 aaaa STR STORE R I1-40
* iii0 13 aaaa SUB SUBTRACT 1I1-13
+ iiil 13 aaaa SUA SUBTRACT ABSOLUTE I11-13
+ jﬂ!& 09 aaaa SPO SUPERVISORY PRINT.-OUT II1I-09

nny

A2-3
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ALPHANUMERIC CODES AND THEIR REPRESENTATION

Appendix 3., Alphanumeric Codes and their Representation

Code
Paper Tape
Channel g
= Q | 0 o]
Q o g H R [0}
Soho e Ha 57
Symbol B.g g o O 38 g o
=9 2s g8 22 | &S
& = Um oy
DATATRON 046 x{o| ¢ 8 |4 |21
(space) (space) 00 v 0 - 0} (blank)
. . 03 X| o 8 2| 111-11]12 8-3
p= o 04 x| ol / 8 | 4 1 ~-121]12 8-4
& & 10 x| o|/ 1~ 0}12
$ $ 13 X V4 8 2! 1]/2 - 1111 8-3
* * 14 X 8 4 2~ 121 11 8-4
- - 20 X 2 - 0}11
/ / 21 ol / 1|4~ 1{ 0 1
) ’ 23 o| 8 2! 1/4-11] 0 8-3
% % 24 0 8! 4 4 - 12| 0 8-4
# # 33 8 2! 110 - 11 8-3
@ @ 34 V| 8| 4 0 - 12 8-4
A A 41 X{ o 1/1~- 1]l12 1
B B 42 X| o 2 1 - 2112 2
C c 43 X v 2| 1]11- 3{12 3
D D 44 X! o 4 1- 4|12 4
E E 45 x| o}/ 4 1l1- 5|12 5
F F 46 X[ o/ 4| 2 1- 6|12 6
G G 47 x| o0 4| 2] 111~ 7|12 7

A3-1 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

pIe)
payoung

12

i2

2

11

4

5

11

7

8

9

xayyng
uox1BepIe)

l] =

1

2111

2 -

2 -

4 |11

2 =

5111

2

2 -

7111

2

8111

2 -

9 11

2

Code

1

1

1

Channel

o9y
£11aed

Paper Tape

0

0]

9/1/57

A3-2

adey
oT19oudey

pue
Jaqndwo)

48

49

91

52

53

54

95

56

57

58

59

62

63

64

65

66

67

68

69

80

046

0 (zero)

Symbol

DATATRON

Or(zero)



ALPHANUMERIC CODES AND THEIR REPRESENTATION

Code
Paper Tape
Channel g
2 25| 3
Symbol -1 ] feg & R
(=7 - - -l Q o 4 [S I ¥
H d e - QD ~ 3 oo
(=] o o o oS m ao
DATATRON 046 o = X 0 |& (0 8| 4 L
1 1 81 0- 1 1
2 2 82 0- 2 2
3 3 83 J 0- 3 3
4 4 84 4 0- 4 4
5 5 85 e 4 0~- 5 5
6 6 86 4 0~ 6 6
7 7 87 4 0~ 7 7
8 8 88 8 0- 8 8
9 9 89 V4 8 0- 9 9
TAB SKIP 26 ol / 8 | 4 0 - 14| 0 8-6
CARRIAGE /
RETURN CR 16 X 8 | 4 2 - 14|11 8-6
K]
FORM OUT | PI 6 15 X Sl 8 ] 4 ~ ¥ 8-5
END-OF -
WORD PI 7 35 8 | 4 8-5
BLANK SP 1 02 x| ol /| 8 - |12 8-2
Q
TAPE TAPE S8
FEED FEED * x| ol / | 8|4 2o |12 8-7
0n
4 END .
Not CARD 1 36 8 | 4 8~6
assigned| END
i CARD 2 27 0 8 | 4 0 8-7
b4

* Not represented.
A3- 3

9/1/5%7



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Code
Paper Tape
Channel
=]
- Q o o)
2z > 2 | 23
Symbol ST o00 | @ 4 U d
od A o iG] o g0
S H Q o3 =]
Q o8 B [ =] o m =N
DATATRON 046 o = 0|0 |8 2 0
CORRECT S A
TAB 37 8 2 8-7
ERROR 17 8 2 11 8-7
Not
PI 1 32 S | 8 2 8-2
assigned | PI 2 12 8 2 g 11 8-2
+ o
PI 3 22 0 8 2 2 5 0 8-2
0
Pl 4 25 o] v | 8 2 0 8-5
PI 5 05 0 8 12 8-5
. SP 2 06 0 8 2 12 8-6
A3-4 9/1/57



A GLOSSARY OF TERMS

Appendix 4. A Glossary of Terms.

ABSOLUTE VALUE

The .absolute value of a number, n, is the number which
results from making the sign of n positive. For example, if
n = +6, the absolute value of n is +6; if n = -7, the absolute
value of n is +7. In symbols, we would write: [+6|= +6; |—7| = +7,

In general, then, ln' = +n, if n is greater than or equal to
zero; and |n| = -n, if n is less than zero,

ADDRESS OF BASE OF LOCATION - - -

Because the address part of an instruction word can be
augmented by the contents of the B register as the instruction is
fetched from storage to the C register, that address frequently
is not the address of the location referenced by the instruction
which is executed, In such cases the address part of the instruction
in storage is the base on which is constructed--~by addition of the
contents of the B register--the actual address used by the instruc-
tion which is executed., In this context it is convenient to call
the address part of the stored instruction the "address of the
base of the location of +--."

B-REGISTER ADDRESS-MODIFICATION

The B register and the address part of a word are four digits
long. B-register address-modification is the addition of the con-
tents of the B register and the address part of a word; only the
four low-order digits of the sum are retained, however. Moreover,
there can be no carry into digit-position 5 in the word which is

modified.

Ad-1 9/1/57
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FIELD
A field is a set of contiguous digit-positions.
PARTIAL-WORD FIELD

A field, all of whose digit positions lie in the same word.

A4-2 9/1/57



A GLOSSARY OF SYMBOLS

(aaaa):
(aaaa),
(aaaa),

[aaaa]:

<aaaad:

.
.

Blaaaa]:

Appendix 5., A Glossary of Symbols
Contents of location whose address is aaaa.
The subscript "a" identifies the contents after execution.
The subscript "b'" identifies the contents before execution.
The enclosure, in square brackets, of an address, for
example, is an indication that the address may be or
will be modified during program execution.
It is convenient to distinguish B-register address-
modification from other types. Although the contents
of the sign-digit position of an instruction word specify
such modification, the sign-digit is not sufficiently
distinctive on a handwritten coding sheet.
This symbol is used only in this book and only in the
following context: in the description of each operation
it is necessary to indicate that B-register address-
modification may or may not occur., The context is "...
the contents of aaaa or the contents of the location
whose address is aaaa augmented by the contents of the
B-register, in case B-register address-modification
were intended.”" This is a very clumsy sentence, and

one which ought not to appear more than once, anywhere:

in this paragraph is its only occurrence - anywhere,
Throughout this book, B[aaaa] is a substitute for the

sentence,

AS~1 9/1/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

rA, etc.: A lower-case 'r" will precede the names of the various
registers in the control and arithmetic units in order
to distinguish them. rA, for example, is the A register.

rA:sL: In order to specify a partial-word field, three para-
meters are requiredi the location of the word contain-
ing the field, and the two boundaries of the field, 1In
the example shown, the location is the A register. s
designates the position of the right-hand boundary, i.e.,
the low-order digit of the partial-word field. The left-
hand boundary is defined by specifying that there are L
digits in the partial-word field. For example, rA:04
specifies the address part of the A register; (rA:04)
is the address itself, i.e., the four digits in the
specified field. And rD:*1 is the sign-digit position
in the D register,

(rA:+1)/1: This symbol specifies the one bit of the A register's
sign digit., Similarly, (rA:fl1l)/2 means the two bit of
the A register's sign digit. Etc.

+ 123456789 0: This diagram identifies the digit positions in

{llll[l]lj_l

fied by the symbol "+" is called the sign-digit position.

a computer word. The digit position identi-

The contents of digit positions 1, 2, 3, and 4 are some-
times called control digits; the contents of digit po-
sitions 5 and 6 comprise the operation code; and the
remaining four digit-positions comprise the address part

of the word, when these terms are meaningful.

A5-2 9/1/57



A GLOSSARY OF SYMBOLS

Innnnl .

"(rP) » rE" means ''the contents of the P register go
into (i.e., replace the contents of) the E register."
Alternatively one may write "(rP) - (rE)" which is to
be read "the contents of the P register replace the
contents of the E register".

"(rB)=y Adder - (rC:04)" means '"the contents of the B
register go through the adder and replace the contents
of the address part of the C register."

the absolute value of nnnn. See Appendix A4, A

Glossary of Terms, for a definition of absolute value,

The following symbols are used in the flow charts, which

elaborate on the execution of the DATATRON 220 operations:

(:)11—24-5:

This is connector A. If it is an output connector,

the corresponding input connector will be found on page
I1-24-5; if it is an input connector, the correspond-
ing output connector will be found on page I1I-24-5.
This indicates action, All of the action associated
with this symbol is specified beside the symbol, All
of the action associated with the symbol occurs simul-
taneously.

This is the symbol for a branch point; it is used to

indicate alternative courses of action.

Ab5-3 9/1/5%



A SUMMARY OF EXECUTION TIMES IN CPERATION-AEBREVIATICN ORDER

Appendix 6
Op
Abr |Code - Total time (Fetch + Execute) (pgs) / Remarks
ADA| 12 185 / No decomplement
245 / Deconplement
ADD| 12 185 / Bo decomplement
245 /_ Decomplement
ADL| 19 2565 /" No decomplement
315 / Decomplement
BCE| 35 105 / No branch
125 / Branch
BCH| 34 105 / No branch
125 / Branch
BCL| 34 105 / No branch
125 / Branch
BCS| 38 105 / No branch
1256 / Branch
BCU| 35 105 / No branch
125 / Branch
BFA]| 36 165 / No branch
185 / Branch
BFR!| 37 165 / No branch
185 / Branch
BOF| 31 105 / No branch
125 / Branch
BRP| 32 105 / No branch
125 / Branch
BSA| 33 175 / No branch
195 / Branch
BUN{ 30 125
CAAl 10 185
CAB| 45 100
CAD| 10 185
CAR| 45 100

AG-1

/1/

= 0
1

o



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Op

Abr {Code Total time (Fetch + Execute) (us) / Remarks

CFA| 18 240

CFR| 18 240

CLA| 45 100

CLB} 45 100

CLL| 46 | 115

CLR| 45 100

CLT| 45 100

CRB| 45 100

CRD| 60 5855 / Minimum
7270 / Average
3110 / Maximum

CRF| 62 3635 / Mininmun
10050 / Average
12030 / Maximum

CRI| 64 335 / Minimum, no branch
3556 / Average, no branch
375 / Maximum, no branch
355 / Minimum, branch
375 / Average, branch
395 / Maximum, branch

CSA| 11 185

CsU| 11 185

CWFr| 63 8635 / Minimum
100580 / Average
12030 /. Maximun

CWI| 65 335 / Minimum, no branch
355 / Average, no branch
375 / Maximum, no branch
355 / Mipnimum, branch
375 / Average, branch
335 / Maximum, branch

WR ] 61 8635 / Minimum
10059 / Average
12030 / Maximum
A6-2 7/1/58



A SUMMARY OF EXECUTION TIMES IN OPERATION-ABBREVIATION CRDER

Op
Abr |Code Total time (Fetch + Execute) (us) / Remarks
DBB| 21 130 / No branch
150 / Branch
DFL| 27 250
DIV| 15 / Quotient is (rA)a
180 / Minimum, overflow
1285 / Minimu, (rA)a = + 0909 09 0909
3985 / Average, (rA), = % 5555 55 5555
6685 / Maximum, (rA), = * 9080 90 9090
/ Execution time--exclusive of fetch time--may
be calculated with the aid of the following formula:
4
T = 3895 + 60 3, [ (ra:2k+1,1) - (raA:2k,1) ]
k=0 a a
DLB{ 28 250
EXT| 17 235
FAA| 22 280 / Sum = 0O
325 / Minimum, underflow
410 / Maximum, underflow
215 / Sum # 0, no decomplement, minimum
360 / Sum # 0, no decomplement, maximum
280 / Sum # 0, decomplement, minimum
415 / Sum # 0, decomplement, maximum
FAD | 22 280 / Sum = 0
325 / Minimum, underflow
4190 / Maximum, underflow
215 / Sum # 0, no decomplement, minimum
360 / Sum # 0, no decomplement, maximum
280 / Sum # 0, decomplement, minimum
415 / Sum # 0, decomplement, maximum
FDV | 25 175 / Quotient or divisor = 0
260 / Underflow
175 / Overflow, minimum
6775 / Overflow, maximum
4075 / Quotient # 0, average
G775 / Quotient # 0, maximum

AG6-3 7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Op
Abr|Code Total time (Fetch + Execute) (is) / Remarks
FMU| 24 175 / Product =
255 / Overflow
255 / Underflow, minimum
2915 / Underflow, maxXimum
1735 / Product # 0, average
2915 / Product # 0, maximum
FSA| 23 280 / Difference = 0
325 / Underflow, minimum
410 / Underflow, maximum
215 / Difference # 0, no decomplement, minimum
360 / Difference # 0, no decomplement, maximum
280 / Difference # 0, decomplement, minimum
415 / Difference # 0, decomplement, maximum
FSU| 23 280 / Difference = 0
325 / Underflow, minimum
410 / Underflow, maximum
215 / Difference # 0, no decomplement, minimum
360 / Difference # 0, no decomplement, maximum
280 / Difference # 0, decomplement, minimum
415 / Difference # 0, decomplement, maximum
HLT{ 00 100
IBB! 20 130 / No branch
150 / Branch
IFL| 26 250
KAD| 08 / Manual operation
LBC| 42 180
LDB| 42 180
ILDR| 41 175
LSA} 43 105
MBA| 50 195 / Data Processor time, unit ready
MFC| 51 245 / Data Processor time, unit ready
MFS| 50 245 / Data Processor time, unit ready
MIB| 59 100 / No branch, TCU not ready
230 / No branch, TCU ready, TSU not ready
250 / Branch
MIE| 59 100 / No branch, TCU not ready
230 / No branch, TCU ready, TSU not ready
250 / Branch

A6-4

7/1/58



A SUMMARY OF EXECUTION TIMES IN OPERATION-ABBREVIATION ORDER

Abr nge Total time (Fetch + Execute) (pus) / Remarks

MIR| &5 160 / Fetch + setup; see Section IV for other details
MIW| 54 160 / Fetch + setup; see Section IV for other details
MLS; 50 195 / Data Processor time, unit ready

MOR| 57 | 160 / Fetch + setup; see Section IV for other details
MOW| 56 160 / Fetch + setup; see Section IV for other details
MPB| 58 160 / Fetch + setup; see Section IV for other details
MPE| 58 160 / Fetch + setup; see Section IV for other details
MPF| 58 160 / Fetch + setup; see Section IV for other details
MRD| 52 160 / Fetch + setup; see Section IV for other details
MRR| 53 160 / Fetch + setup; see Section IV for other details
MRW| 50 195 / Data Processor time, unit ready
MTC| 51 245 / Data Processor time, unit ready
MTS| 50 245 / Data Processor time, unit ready
MUL| 14 / Multiplier is (rA)b

230 / Minimum, (rA)b = *x 0000 00 0000

2095 / Average, (rA), = X 0123 45 6789

+
3480 / Maximum, (rA)b + 5555 55 5555

[t}

/ Execution time--exclusive of fetch time--may
be calculated with the aid of the following formula:

9
T =90 + 5% M,
k=0

where Mk assumes the values shown in the table below:

(rA:k1) | O 1 2 3 4 5 6 7 8 9
My 1 14 |27 |40 | 53 | 66 |65 | 52 | 39 | 26

NoP| 01 100

PRB| 04 / Photoreader speed, nominally 1000 characters
per second ‘

PRD| 03 / Photoreader speed, nominally 1000 characters
per second
A6-5 7/1/58




OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Op
Abr|Code Total time (Fetch + Execute) (us) / Remarks
PRI| 05 / Photoreader speed, nominally 1000 characters
per second
PWI| 07 | 105 / No branch
125 / Branch
PWR| 06 / Punch speed, nominally 60 characters per second
/ Printer speed, nominally 7 - 10 characters
per second
RND| 16 | 105 / (rR:11) < 5
165 / (rR:11) > 5
RTF| 29 | 130 + 60(nn) / 01 < nn < 99
6130 / nn = 00
SLA| 49 160 - 5N, / nn= N,, mod 10
SLS| 49 160 - 5Ny / nn = Ny, mod 10
SLT| 49 210 - 5N2 / nn= Nz, mod 20
SPC| 09 / Printer speed, nominally 7 - 10 characters
per second
SRA| 48 110 + 5N / nn= N, mod 20
SRS} 48 110 4+ 5N / nn=N, mod 20
SRT| 48 110 + 5N / nn= N, mod 20
STA| 40 190
STB| 40 190
STP| 44 185
STR| 40 190
SUA| 13 185 / No decomplement
245 / Decomplement
SUB| 13 185 / No decomplement
245 / Decomplement

AG~6 7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Page/Date
I-Intro-2; 9/1/57

I11-Intro-1; 9/1/57
11-Intro-2; 9/1/57

Il-Intro~5; 9/1/57

I1-Intro~6; 9/1/57
11-Intro-9; 9/1/57

II-Intro-12; 9/1/57

11-Intro~13; 9/1/57

IXl-Intro-13; 9/1/57
1l1-Intro-14; 9/1/57

I1-Intro-15; 9/1/57
11-Intro~15; 9/1/57

I1-Intro-15; 9/1/57

11-Intro-19; 9/1/57

Errata Sheet 1

Location Description

Line

Line

Line

Line

Line

Line

Line

Line

Line

Line

Line

Line

Line

This page is improperly
identified as I-1-2.

13%* Should read "...the Computer;
however,..."

13 Delete the clause 'the part
number RAZAH".

15 Should read "greater than or
equal to -50 and less than or
equal to O,.."

5 Should read
"10791 ¢ n ¢ 1049, "
12 Should read "FIELD SCAN is

to be executed."

19 Should read "The CD register
is a ten~digit-plus-sign-
digit-position register...”.

16 After the word "parallel;"
insert the clause 'all 16
bits of the P register are
transferred to the E register
in parallel;"

20 Instead of "four" read "“"three".
20 After the word ‘'parallel"
insert "from core storage."
2 Should read '‘Clear rE, riIB."
6 Delete _the asterisk (*)
above
19 After "Restore one bit of

rD:+1" insert "Restore one
bit of riIB:x1"

9 After “keyboard (manual)"
insert "Magnetic-Tape Storage
Unit"

*Count every line of type,

including heading.

Errata-1-1 10/18/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Page/Date Location Description

II-Intro-23; 9/1/57 The register on the left
should be labelled "IB
register;" the register to
the right of the IB register
should be labelled "D regis-

ter."

II-Intro-24; 9/1/57 Line 4% Instead of "s > L + 1" read
"L >s + 1",

II-Intro-24; 9/1/57 Line 9 Delete "or either input to
the adder".

11-10-3; 9/1/57 Line 12 Add Remark 2: "CAD loads the

A register with a word ex-
actly as the word appears in

storage."
I1X-13-3; 9/1/57 Line 5 Instead of "v = 1." read
"vw.= 1l:",
I1-13-3; 9/1/57 Line 12 Should read '"...can cause
arithmetic over-..."
I11-14-4; 9/1/57 Line 5 Should read "(rC:04) =
B[aaaa] » rgE."
I1-14-4; 9/1/57 Line 21 Should read "Set (rA:+1)/1
and...'".
11-15-4; 9/1/57 Between line 6 Insert "Set A sign-indicator
and line 7 equal to (ra:xl)/i."
I11-15-4; 9/1/57 Lines 21 and Reverse registers: rA re-
22 places rR and rR replaces rA,
I1-19-4; 9/1/57 Line 7 Add Remark 2: ''The arithmetic

operation of ADL is essentially
the same as that of ADD."

11-20-3; 9/1/57 Add Remark 1: '"The following
statement embodies a method
for determining whether
branching will occur: if
(rB), > (rB),, branching will

occur: if (rB)a < (rB)b, con-
trol continues in sequence."

*
Count every line of type, including heading.

Errata-1-2 10/18/57



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Page/Date

I11-21-3;

11-26-3;

11-26-3;

11-26-7;

11-27-3;

11-27-7;

11-27-7;

11-33-4;

11-40-5;

9/1/57

9/1/57

9/1/57

8/1/57

9/1/57

9/1/57

9/1/57

9/1/57

9/1/57

Location

Line

Line

Line

Line

Line

Errata Sheet 1

4%

15

11

Description

Add Remark 1: "The following
statement embodies a method
for determining whether
branching will occur: if
(rB), ¢ (rB),, branching will

occur: if (rB), > (rB);,, con-
trol continues in sequence."

Should read: "... If arith-
metic overflow occurs « that
is, if the result exceeds the
capacity of the specified
partial-word field - set the
OVERFLOW Indicator to '"on."

Instead of "rC:21 = 0" read
"(rC:21) = 0,"

Add Example 10:
(rC)
(3000)b

(rD), = (3000),

0400 26 3000
=1233 00 2914

-1233 00 2914

Bn

H

Should read: ",.. If underflow
occurs - that is, if
(B[aaaa]:sL), > (B[aaaa]:sL)y~-
set the..."

Should read "(rD), = (0900), =
0 5429 90 5432"

Add Example 7:
(xrC) 0400 27 0900
(0900)y +2345 67 1212
(rD), = (0900), = +2345 67 1212

REPEAT Indicator is set "om."

H KN

The contents of the C register
should be iiin 33 B[aaaa?.

Add Remark 3: If, for example,
the STORE A variation is being
executed with £ = 1 (partial-
word selection), then (rA:sL)-
(Blaaaa]:sL). The remainder
of (Bl[aaaal) is unaltered,

*Count every line of type, including heading.

Errata-1-3
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Page/Date
11-41-4; 9/1/57
V-Intro-4; 9/1/57

V-03-3; 9/1/57

V-03-3; 9/1/57
V-03-6; 9/1/57

V-04-4; 9/1/57

A3-1; 9/1/57

Location
Line 4%

Line 7

Line 6

Line 14

Lower left side
of page

Line 19

Description
Instead of '"LR' read "LDR',

Should read '"The appearance
of any digit, except 2, in
the..."

Add the sentence: "If v = 8
or 9, designated input will
be B-register address-modi-
fied."

Should read: "If v = 1:"

The decision box should be as
follows: I

(rD:%x1)/2 = 1
(rD:%1)/4 = 1
(rC:41) = 1

The left side of the decision
box should be "(rD:xl1l) # 2"

The paper~tape code for '"CV"
should show a punch in
channel "O"

1Eount every line of type, including heading.

Errata~l-4
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Page/Date

II-Intro-2; 9/1/57

II-Intro-6; 9/1/57

II-Intro-6; 9/1/57

II-Intro-8; 9/1/57

II-Intro-9; 9/1/57

Errata Sheet 2

Location

Line 12%

Lines 8, 9

Line 16

Following
Line 18

Line 8

Description

Wherever the term "computer"

or '"digital computer’ appears
throughout the text, replace

it by the term "Data Processor,"

Should read: "0 5941 51 4148
may represent the number
+5941 51 4148, the noun RAJAH,"

Delete the phrase ''contains no
high order zeros," Change the
lines to read: "adjusted so
that the highest-order digit
of the mantissa is different
from zero."

Delete the word 'causes,"
After the word '"'operation®
insert "would have caused.,"

Insert the following paragraph:
The E register is used as a
counter during the execution
of certain Cardatron instruc-
tions. When it is so used it
is capable of counting only
modulo the number of words in
storage. For example, if
there are only 6000 words of
core storage, the E register
counts modulo 6000, (See Re-
mark 5, page VI-60-4, for
additional details.)

Delete the phrase "and dis-
connects the input device
from the computer.” Place a
semicolon after '"ter." Fol-
lowing the semicolon, insert
the phrase "simultaneously,
the input device receives a
signal that the execution of
the input instruction is
completed.”

*Count every line of type, including heading.
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Page/Date
II-Intro-15; 9/1/57

II-Intro-18; 9/1/57

II-Intro-19; 9/1/57

II-Intro-19; 9/1/57
II-Intro-21; 9/1/57

II-Intro~22; 9/1/57
II-Intro-22; 9/1/57
I11-00-3; 9/1/57
I11-00-4; 9/1/57

11-10-3; 9/1/57

Location

Connector P

Lines 8, 9x

Line 15

Line 19

Line
Line

Line

© ;o B b

Line

Remarks:

Description

Change the reference to page
VI-60-5; it should be page
VI-60-10,

Following the semicolon
replace the word "is" by
"may be." After the word
"purposes' add "by the
system operator or the
maintenance engineer.,"

After the word 'up" insert
"or down,"

Replace 'up" by "down,"

The dashed connector from
the Adder to the C register
should be labeled 6
After 'up" insert "or down.,"
Replace mup" by "down, "
After "is" insert '"'turned, v
Delete the word "COMPUTER,"
After "PROGRAM' insert
"CHECK."

Add the following table as
Remark 3:

(B[aaaa] :11) (rA:xl),
CAD CAA

Co~NoOoudLNN-EC
Co1thWNHO
OO NNOO

*Count every line of type, including heading.

Errata-2-2

7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Page/Date
11-11-3; 9/1/57

11-11-4; 9/1/57

11-12-4; 9/1/57
11-12-5; 9/1/57

11-13-5; 9/1/57

Errata Sheet 2

Location

Remarks:

Line 17

Line 12

Line 7

Line 7

Description

Add the following table as
Remark 2;

(rA:fl)a
(B[aaaa]: *1)[Gsy CSA

DU RLNOHO
ORI hDWO -
WW=a=Jn WL e s

On the left, the operation
should read: (rA)-(rIB) —rA.
On the right, the operation
should read: (rA)—‘(rIB)|—9rA.

Should read '"to (rIB: *1)/1 .7

Place an asterisk after the con-
tents of the D register in the
columns for ADD and ADA. The
asterisk refers to the following
footnote which should be inserted
below these two tables of Regis-
ter Status:

*(rD:¥1) /2=(rD;¥1) /4=(rD: *1) /8=0;
(rD:*1) /1 = (B[aaaa]:%¥1)/1;
(rD:00) = (B[aaaa]}:00).

Place an asterisk after the con-
tents of the D register in the
columns for SUB and SUA, The
asterisk refers to the following
footnote which should be inserted
below these two tables of Regis-
ter Status:

*(rD:%1)/2=(rD;:*1) /4=(rD:*1) /8=0;
(rD:31) /1 = (B [aaaa]:%1)/1;
(rD:00) = (B{aaaa]:00).

*Count every line of type,

including heading.
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OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Page/Date

11-14-3: 9/1/57

11-14-5; 9/1/57

11-15-3; 9/1/57

Location

Remarks:

Line 10

Remarks:

Description
Add Remark 1,

1. Execution time for MULTIPLY~
exclusive of fetch time-is a
function of the magnitude of
the multiplier, (rA)p. It may
be calculated from the follow-
ing formula:

9
T =190 + 52 M us,
k=0

where
Mg = 1 if (rA:kl1)=0,

= 13 [(rA:k1)]+1 if 1<(rA:k1)<5,

=
=
|

Mg = 13 [11-(rA:k1l)] if 6<(rA:k1)<9,

Hence, the following table:

(ea:xDflo| 11 2l3]als(6l7]8 ]9

M) 1]14]27)40) 54|66 65152 39126

Place an asterisk after the contents
of the D register in the column for
MUL. The asterisk refers 1o the
following footnote which should be
inserted below this table of Regis-
ter Status:

*x(rD:+1)/2 = (rD:¥1)/4 = (xD:%*1)/8=0;
(rD:*1) /1 = (B(aaaa] :x1)/1;
(rD:00) = (B[aaaa) :00).

Add Remark 1.

l, Execution time for DIVIDE-€X-
clusive of fetch time-~is a
function of the magnitude of the
qguotient (rA)a, if overflow does
not occur, It may be calculated
from the following formula:

*Count every line of type, including heading.

Errata-2-4 7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Page/Date
c11-15-3; 9/1/57

. 11-15-4; 9/1/57

I11-15-5: 9/1/57

11-16-3; 9/1/57
11-16-3; 9/1/57

Errata Sheet 2

Location

Remarks:

Lines 21
and 22

Line 10

Line 5

Line 13

Description
Add Remark 1., (Continued)
4
T = 3895+60 3 [(rA:2k+1,1) -

k=0
(rA:2k,0)] us.

= 3895+60 [(rA:11) - (rA:21) +
(rA:31) - (rA:41) +
(rA:51) - (rA:61) +
(rA:71) - (rA:81) +
(rA:91) -~ (rA:01)] .

The operation on the left should
read "(raA:x1)/1 is set to
(rR:%1)/1,"

Place an asterisk after the con-~
tents of the D register in the
columns for DIV and OVERFLOW,
The asterisk refers to the fol-
lowing footnote which should be
inserted below these tables of
Register Status:

*(rD:*1) /2=(rD:11) /4=(rD:¥1) /8 =0;
(rD:%£1)/1 = (B[aaaa] :+1)/1;
(rD:00) = (B({aaaa]: 00).

Replace "Than'" by "Then."

The operation should read
"[(rA)] + O 0000 00 000l—»rA."

*Count every line of type,

including heading.

Errata-2-5 7/1/58
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Page/Date Location Description
11-18-4; 9/1/57 Remarks: Add Remark 4,
The order relationships of the
content of the sign-digit posi-
tion were determined as follows:
the principal requirement is that
negative numbers shall precede
positive numbers; hence,1<0, A
second requirement-sorting-
is that alphanumeric information
shall precede numeric; hence,
2<1<0, The remaining order
relationships are just a by-prod-
uct of the way in which the re-
quired ordering of 2, 1, and 0 is
achieved,
The technique used is known as the
"threes complement" method: the
1-bit and the 2-bit of the sign
digit are complemented if, and only
if, the 8~bit is 0, The results
are displayed in the following
table:
Dgggtmain Binary Threes Decimal
Represen- Comple- Equivalent
Sign tation mented ( = order)
Position
3 0011 0000 0
2 0010 0001 1
1 0001 0010 2
0 0000 0011 3
7 0111 0100 4
6 0110 0101 5
S 0101 0110 6
4 0100 0111 7
8 1000 1000 8
9 1001 1001 9

*Count every line of type, including heading.
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Page/Date
11-19-4; 9/1/57

I11-20-3; 9/1/57

11-22-5; 9/1/57

11-23-5; 9/1/57

11-27-3; 9/1/57

Errata Sheet 2

Location Description

Line 11

Line

Line

Line

Line

III-Intro-3; 10/18/57 Line

IV-50-8; 9/1/57

1V-51-5; 9/1/57

V~05-2; 9/1/57

6

19

Place an asterisk after the con-
tents of the A register in the
column for ADL. The asterisk
refers to the following footnote
which should be inserted follow-
ing the table of Register Status:

*Except that (rA:#1)/2 = (rA:*1)/4 =
(ra:¥1)/8 = 0,

Add the following sentence:
"Overflow of the B register does
not set the OVERFLOW Indicator
on.|1

On the right, the operation
should be "(rA:91)—>raA:01."

On the right, the operation
should be "(rA:91)-—» rA:01."

The left half of the branch
point operation should read
"(rC:21) = 0."

Instead of "7+25-" read '"8+25-."

Add Remark 11: The sign digit
cannot be included in a partial-
word search key, If it is, a
field-overflow ALARM STOP will
occur,

Add Remark 7: The sign digit
cannot be included in a partial-
word scan key, If it is, a
field~overflow ALARM STOP will
occur,

Replace the definition of v by:

v = 8 or 9: designated input
will be B-register
address~modified,

*Count every line of type, including heading.

Errata-2-7 7/1/58



OPERATIONAL CHARACTERISTICS OF THE DATATRON 220

Al-2;
A2-2;
A2/3;

A3-3;

Page/Date

9/1/57
9/1/57
9/1/57

9/1/57

Errata Sheet 2
Location

Change
SPO to
nii0
niil
niio
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I+ i+ 1+

Change

Description

instruction format for
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23 aaaa; FSA to

23 aaaa.
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