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This volume in the Burroughs Electronic Data Processing
Library is intended to serve as a textbook in introductory
coding courses for the Burroughs 220 Electronic Data
Processing System. It was wrilten expressly to introduce
the novice to a many faceted art, the art of conversing
with electronic computing equipment of the so-called
stored-program type.

For our purposes it is desirable to distinguish between a
coder and a programmer in the following way:

A programmer is the analyst who states a proposed
solution to a problem in any language which is con-
venient.

A coder converts this statement of a proposed solution
to a problem to a language which is meaningful to the
computing system assigned to solve the problem.

Although it often happens that the programmer and the
coder are the same person, the analytical aspects of the
communications problem will be mentioned only rather
briefly in any of the short courses conducted by repre-
sentatives of the Burroughs Corporation. This is not to
deny the importance of programming; rather, it is to
emphasize the need for critical and competent analysis:
implicit in our definition of analysis is the requirement
for defining the problem to be solved. It is clear that
some problem is defined by the statement of a proposed
solution. It is the programmer’s responsibility to ensure
that it is the problem which will be solved.

The preceding paragraph is intended to emphasize what
this book is not—what it makes no pretense of being. If
the coder is to be analyst as well, textbooks for his edu-
cation in that specialty must be sought elsewhere. In this
book there will be found only a brief discussion to indi-
cate the nature and magnitude of the programmer’s task.

Preparing lists of instructions for the computing system
M...Eor will solve the problem specified by the programmer
is the responsibility of the coder. It is the purpose of this
book to introduce the novice coder to that aspect of the
art which is particularly concerned with instructions to
u,_._n _ﬂsmnrm:n. The emphasis is on “introduction” and
art™: this texthook and its related publications—for
example, Operational Characteristics of the Burroughs
220 and The Compleat Programmer—are intended to
provide the background from which professional skills can

Introduction

be developed. Such skills can be fully developed, however,

only by practice and application. Usually this occurs on
the job.

The classroom environment provide training in the nat-
ural language of the Burroughs 220. At the same time
training can also be provided in one or more of the
languages which the 220 has been compelled to learn in
order to make it easier for human beings to communicate
with it. These imposed languages are the so-called auto-
matic coding or amtomatic programming facilities which

have been devised by Burroughs and other users of the
equipment.

In this book an introduction to the notions of automatic
coding—that is, the preparation of instruction lists with
the help of the computer—is to be found in Chapter 13.
It should be noted here that there are several different
classes of such coding aids. Some of them are designed
for use by the occasional coder—an engineer., say, who
relatively infrequently wants to prepare problems for solu-

tion. Some simplify the regular job of the professional
coder.

Finally, something needs to be said about the presentation
of information on the Cardatron and Magnetic Tape Sys-
tems. Each is relatively extensive and complex, requiring
that a substantial amount of information be assimilated
before it can be used as it would be in “real life.” The
quantity of information required is approximately that
contained in the relevant sections of Operational Charac-
teristics of the Burroughs 220. Because that book will be
used as a supplementary text in introductory courses, it
was decided not to reproduce the sections on Cardatron
and magnetic tape here. Instead. Chapter 11 describes the
Cardatron System briefly and includes some sample in-
structions. Chapter 12 does the same for magnetic tape.

The authors and the publishers would appreciate construc-
tive criticism of the contents of this book whether it re-
lates to errors in fact or to the manner of presentation.
Such remarks or requests for further information should
be addressed to:

Manager, Publications & Training
ElectroData Division

Burroughs Corporation

460 Sicrra Madre Villa Avenue
Pasadena, California
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GENERAL

Electrunic digital computers are now established as useful
—and sometimes indispensable—aids to organizations en-
agedl in a wide range of business and scientifie pursuits.

One of the most __:_.Zui:_.. characteristics of .:w:;._ come-
puters is their operating speed, In- discussing computer
.rE._.__... it is necessary to use waords for divisions of a
wecond: millisecond, for a thousandth of a second, and
microsecond, for a millionth of a second.

It takes a deskesize computer, for example, 50 milliseconds
to add two numbers together, But a computer such as the
Burroughs 220 takes only about 200 microseconds (or 0.2
milliscconds) to add the same two numbers. During the
time it takes to read these two paragraphs, the Burroughs
220 could sum about 150,000 such numbers. This is the
order of speed to be considered during a detailed discus-
sion of a computing system.

Although these computing systems are complex—both in
construction and operation—the difficulties of under-
standing them are similar to those encountered when one
approaches any unfamiliar subject. Much of their com-
plexity can be reduced to a combination of simple prin-
ciples. And these principles can be illustrated by familiar
things and ideas,

Let us take a look at these automatic, electronic, data-
processing systems to see how the elements of such a sys-
ten and the role played by each element in the system
can be illustrated by an analogy.

Suppose that the supervisor of a payroll department asks
a new clerk to fizure out how much each person in the
office has earned for the past week. The clerk is given
the time card and earnings record card for each em-
ployee, a desk calculator, a pencil, a typewriter. and a
list of instructions telling him what to do.

We will discuss this problem in its simplest form: we will
consider the preparation of a paycheck for a single em-
ployee. The clerk needs to know hours worked, rate of
pay. and what deductions—such as withholding tax—are
to be subtracted from the employee’s gross pay. We will
assume that the employee works exactly 40 hours and
thus is not entitled to overtime pay. Also, we will concen-
trate on the computing portion of the job.

Before he starts the job. the clerk copies the date and the
hours worked from the cmployee's time card into speci-
fied columns on th employee's earnings record card (Fig.
2-1). He then copies the hourly pay and the rate of
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deductions in percentage form from the previous week.
tFor our problem, we assume there have been no recent
changes.)

The list of step-by-step instructions which the clerk uses
reads as liaws:

1. Multiply hours by rate 1o

gross pay.

2. Record zross pay in the column specified.

4. Multiply gross pay by rate of deductions to get the
amount.

Record the dollar amount of deductions in the col-

umn specified.

5. Subtract the dollar amount of deductions from Eross
pay to gzet net pay.

6. Record net pay in the column specified.

These instructions could he stated more concisely by tak-
1z advantaze of the format of the earnings record card
used by the clerk as a work sheet. Since the columns are
numbered. why not abbreviate the instructions by using
column numbers? If this were done, the instructions
waould look like thi

1. Muhiply the number in column 1 by the number in

column 2.

2. Record the product in column 4.

3. Multiply the number in column 4 by the number in
column 3.

1. Record this product in column 5.

5. Subtract the number in column 5 from the number
in column 4.

6. Record the answer in column 6.

These instructions could be stated even more concisely if
we used the column numbers 1o represent the information
recorded in the columns. If we do this, however, we must
be sure to keep in mind that each column number i only
a label that stands for the information recorded in that
column. Thus when we write the number 1 we mean the
contents of column 1. 2 refers 10 the contents of column
2. vte.. and we mean the numbers in columns 1 or 2 oppo-
site the current date. We can make one more assumption
for further simplification: since everyone is familiar with
the arithmetic symbols X and —. these symbols can be
cubstituted for the words they represent. 1i the word
“eolumn®™ s left oul. the instruction cheet would now
read:

il

x
X

]
wn

.1x2
L3 XA
. 4-5

W =

n
o

3
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Time Card

Jones, J. 1 2 3 4 5 6
053-12-089-48 Week Hours Rate Dedue. Gross Deduc. Net |
L]
Week Ending Ending | Worked $ % Pay $ Pay
9/5 8/1 | 40 1.85 5 74.00 3.70 70.30
In { Out | in | Out 8/8 40 1.86 5 74.00 3.70 70.30
1 8/15 | 40 1.85 5 74.00 3.70 70,30 |
A 0 8/22 | 40 1.85 5 74.00 3.70 70.30
AP 50 8
e _P /29 40 1.85 5 74.00 3.70 70.30
9/5 | 40 1.85 5

Earnings Record Card

Figure 2-1. Payroll Job Preparation.

These condensed instructions can now be recorded on the
carnings record work sheet (Fig, 2-2).

The clerk is now rteady to begin. He is directed to start
with the first instruction. He looks at this instruction to
determine the two numbers to be used (operands) and
the operation to be performed on them.

To execute the instruction, the clerk uses the desk calcu-
lator. First, he enters the operand from column 1 into the
keyboard of the desk calculator. When the “multiply”
motor bar is depressed, the two numbers are multiplied
and the product is displayed. He copies the product into
column L the column specified by the instruction.

The clerk is directed to execute the instructions in se-
quence. After executing instruction 1. he interprets and
executes instructions 2 and 3 in the same way, recording
the results on the work sheet.

After executing all three instructions, the clerk types the

completed payroll check from the information on the work
sheet.

BASIC ELEMENTS OF A COMPUTER
SYSTEM

Let us review the elements of our analogy and relate them
to the elements of a data processing system.

The outside data from the time card is taken into the
calculation process when the clerk reads it and records it

on the carnings record card. This process can be called
“input.”

During the calculation process, the information is held
ready and available in the clerk’s mind and on the work
sheet. This can be called “storage.”

The data from the work sheet is processed on the calcu-
lator according to a prescribed procedure. The calculator
can be called the arithmetic element.

The flow and processing of the information proceeds in
an ._Hn_ﬂﬂﬁp— manner —:._...mﬁ._.- nrﬂ, nu.——-ﬁﬁnmoz Uﬁ —?ﬂ ﬂuﬂﬂr' u_ﬂ
can be called the control element.

The processed results are copied from the work sheet onto
the paycheck and returned to the person who delegated
the clerk to perform the operation. This process can be
called “output.”

Input. storage, arithmetic, control, and output—these are
the five basic elements of a computer system. Let us take
a closer louk at cach of these from the standpoint of thei
place in a computing system (Fig. 2-3),

The dotted lines enclose the three elements of the system
which comprise what is commonly known as the computer.
These three elements together form the processing center
of the system where the actual compilation, computation,
and manipulation of data takes place. The control unit
directs the flow of information between storage—where it
is held—and the arithmetic unit, where it is processed.

| 1 x2 @ x4 4 -5
] 1 2 3 4 5 6
Hours Rate Deduec- Gross Deduc- Net
Week Ending Worked $ tions % Pay tions § Pay
=es g

Figure 2-2. Earnings Record Card with Instructions.

2.2

The input clement transmits information from the outside
to the computer. Any of several input devices can be used
1o read specially prepared information into the storage
section of the computer.

The storage element provides the means by which infor.
mation received from the outside can be held available to
the computer.

There are two types of storage: internal—or working—
storage and auxiliary storage. Internal storage is used to
store all information necessary for immediate processing,
An internal storage unit must provide rapid access to the
information it contains and it should have a large capacity
1o contain all information needed for immediate prob-
lem solution.

Because there are technical and economic limits to the
size of high-speed internal storage units, information not
currently needed is often stored in larger but slower aux.
iliary devices. Auxi iary storage is almost always included
in a large data processing system.

The arithmetic element is the computing portion of the
system. It is here that the actual work of problem solving
« done. The operatians of addition. subtraction, multi.
plication, and division are performed by this unit. No
matter how complicated a mathematical problem may be,
it can he broken down to these four basic operations.

This unit also provides means for comparing one num-
ber to another to determine whether they are equal or
which is the greater. The result of such a comparison
allows the computer to choose among several specified
series of further operations,

The control element does just what its name implies—it
controls the operation of the computer during the com-
plete process of problem solution. This element directs the
sequence of operation. interprets the operations to be
performed, initiates the action which performs the opera-
tions, and activates the input and output devices.

The output element transmits processed results from the
computer to the outside. Output devices accept informa-
tion from computer storage and reproduce it in a con-
venient form for normal use.

Now let us refer to parts of our analogy to illustrate some
of the concepts of computer operation and computer
usage.

CODING

A computer, like the clerk in our analogy, must be told
what te do. It does only what it is told to do—nothing
more, nothing less.

There is, however, a problem of communication with a
computer, much like the language barrier between two
persons who speak different languages. The language of
a person who wishes to communicate with a computer
must first be translated into the language of the computer.
The language of the problems to be solved is mathematics,
or English statements of decisions to be made; the lan-
guage of computers is simple arithmetic and elementary
choices.

A Digital Computer System

Storage

3

Input Control

v

Qutput

|
_
_ Arithmetic
|
|

Figure 2-3. Elements of a Computer System.

There are two steps in the process of translating human
language to the language of a computer.

The first is illustrated in the three forms assumed by the
instructions in our analogy: the problem in written state-
ment form was analyzed in terms of simple arithmelic.
Any problem in mathematics or written statement form
must be analyzed in terms of the basic ‘operations com-
prising the computer language.

Secondly, the user must consider how the computer can
be told to solve his analyzed problem with the limited
vacabulary available: most computers have a vocabulary
of from 20 to 70 instructions. This part of the translation
—putting the problem 10 be solved into words the com.
puter can understand—is called coding.

Coding a computer application of some length and detail
for problem solulion is not a simple matter. Consider, for
example, trying to translate an extensive work, such as
the Bible, into a language with a vocabulary of only 800
words. It might take several paragraphs 1o explain one
word not included in the vocabulary. A computer vocabu-
lary does not include such phrases as “calculate net pay”
or “cvaluate function.” Therefore. a coder must build
such an operation using only the words—called instruc-
tions—that have meaning for the computer.

The end result of building the operation is a list of in-
structions called a code or program—an orderly explana-
tion to the computer of each individual operation it is to
perform. A computer cade is similar in form and purpose
to the step-by-step list of instructions given to the clerk
in our analogy.

The list of instructions comprising a computer vocabulary
usually includes the four basic arithmetic operations.
operations providing the ability to make elementary
choices. operations governing the transfer of data between
sections of the computer, operations governing input and
output equipment, and various other more complex opera-
tions which are used frequently enough to justify their
inclusion.
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FORMS OF INSTRUCTIONS
In the analogy, the instructions were in the following
form:

1. 1 X 2 =4 (gross pay)

2. 3 X 4 = 5 (dollar amount of deductions)

3. 4= 5= 6 (net pay)
One reason we could reduce them to this form is because
the clerk could look at the symbol X and interpret it to
mean multiply. He has been trained to interpret X to
mean multiply,

A computer cannot be trained in the sense that a clerk
can. But the computer is designed to accept a specific
symbolic notation as representing a specific operation, A
computer might be designed to interpret only numeric
forms. In this case, each instruction in the computer vo-
cabulary would be assizned a numeric notation. These
numeric notations would be used when preparing instrue-
tions for input to the computer. For example, the opera-
tion multiply could be assigned the numeric notation 14,
The computer would automatically interpret this notation
as meaning to multiply

WORD CONCEPT

Digital computers handle information in units consisting
of a fixed number of digits—a length of 10 to 12 decimal
digits is most frequently used. Since these units may rep-
resent not only numeric quantities but also coded nu-
meric instructions and alphabetic data, it is convenient to
refer to them as “words.” This provides a common term
for all types of information handled by a computer,

STORED PROGRAM

In the analogy, the condensed instructions were recorded
on the earnings record work sheet with the data, Although
the instructions were recorded in the same manner as the
data. they were interpreted as instructions by the clerk
who controlled the operation, The earnings record work
sheet provided storage for data and instructions alike.

A stared-program computer operates on the same prin-
ciple. It accepts the data to be processed and the instruc-
tians which process the data from the outside, and writes
them both in storaze in the same manner. To execute the
prozram formed by the inctructions, the computer locates
each instruction in turn

ther <equentially or in an
—looks at it, and operates as
n directs on the information the instruction
specifies. An instruction word js identified as such—that
i as different from a data word—Dby the control elemen
the clerk in wur analogy. or the control unjt in the com.
puter operation,

ADDRESS CONCEPT

Now the question arises of how to keep track of individual
words in storagze: how to lucate an instruction to he exe-
cuted.an item of data to he pracessed, or a place to store
data or an jnstrue tion.

:, that in aur analogy the data was uniquely identi-
fied by numbers | through 6. These numbers indicated

order specified by the code
the instruct

2.4

the column in which the number would pe

5 fo
number in that column opposite the curreny &H"El._:o
each piece of data had a specific location on the T ity

il
record card—the storage element of the analogy; Arnings
gy

1 X Z = a

Contents of Contents of

R
Column 1 Column 2 esult o be

Contents of
Column 4

This is the principle by which words of information g,
identified and located in computer storage. Each worq on_”
information—data or instruction—which enters a com.
puter is written in storage in a specific location identified
by a unigue number, called an address,

Just as the number in the location on the earnings record
card which is identified by 1 is completely different from
1, so are the contents of a location in computer storage
completely different from the address which identifies the
location. The addresses of locations play an inactive part
in any operation—that of a directive for placement and
location of the picces of data or instructions. The con-
tents of the location play the active part: they can be
cither the instructions which process the data or the data
to be processed.

When the clerk wants to perform an operation on a num-
ber in a specific location, he keys that number into the
desk caleulator. The number now appears in two places,
in the desk calculator and in its original location on the
carnings record card. The same thing accurs in camputer
storage. When a number is taken from storage and sent
to the arithmetic unit for some operation on it, a copy of
the number remains in the lacation,

If the clerk chose to write a number into a location on
the earnings record card which already contained a num-
ber, he would have to erase the number written there first.
In computer storage, when a number is written into a
location, any number previously written there is auto-
matically erased.

REGISTERS

When the: clerk in our analogy performed calculations on
the desk calculator. he keyed the operands into the desk
caleulator before de sressing the designated motor bar.
Thus the keyhaard of the desk calculator provided tem-
porary storage for the operands.

In computers there are certain one-word locations sepa-
rate from the internal storage unit which provide tempo-
rary storage for operands and control words in computer
operations. These locations are called registers: a Ecpister
,_:ﬂ..‘ an operand or a control word while or until it is
Used,

The general description given in this chapter would apply
to any stored-program digital computing system. Chapter
3 begins the discussion of the Burroughs 220.

An Introduction to the Burroughs 220

GENERAL

The Burroughs 220 electronic data processing system is
the kind of computer system described in Chapter 2, It
is a general-purpose compuling system—one that is suit-
able for bath scientific and business applications and it
can be expanded to fit the nature of the job to be done.
The purpose of this chapter is to describe this system in
more detail—to introduce the parts of the system and ex-
plain their function,

As a system, the Burroughs 220 is comprised of several
units. These units may be thought of as (1) those included
in the data-processing section of the system and (2) those
concerned with input and output.

DATA-PROCESSING SECTION

The data-processing section—or the computer section—of
the Burroughs 220 consists of the following three units:

1

Data Processor: the arithmetic unit that performs
the arithmetic and comparing operations and manip-
ulates words of information.

2. Core Storage: the unit that provides the internal (or
working) storage for the system.

3. Memory Control: the unit that controls the transfer
of information between working storage and the
Data Processor.

The Control Console (Fig. 3-1) is a separate unit that,
because of its function, is an integral part of the data-
processing section, It is equipped with operation controls
(start button, stop button, etc.) and indicators for the
whole system. Its main function is to provide for manual
monitoring of system operations.

INPUT-OUTPUT SECTION

The Burroughs 220 system is designed to _.z..E:: the in-

clusion of the following input and output units.

L. Photareader: a photo-electric input device that reads
into core storage information that has been punched

into paper tape (Fig. 3.1},

2. Character-at-a-Time Printer: an oulput printing de-
vice that types information transferred directly from
core storage.

3. Paper ape Punch: an electromechanical c.:::: de-
vice that punches into paper tape information trans-

¢ from core storage,

ferred direc

"Appendix A is a description of how information

4. Cardatron: an electroni system that links the com.
puter to input and output card machines and line
printers. It accepts input information from punched
cards, trans| the information to the representa-
tion used in the Burroughs 220", edits the informa-
tion to conform to the Burcoughs 220 word length
and format, and transmits it 1o core storage?, The
Cardatron® also receives output information from
core storage, tranclates it to card machine represen.
tation, edits it to conform 10 a specificd output for-

and transmits it to a line printer or card punch.

5. Magnetic Tape Storage Devices: electromechanical
devices that read from—and record on—magnetic
tape used by the system for auxiliary storage, These
devices accept information from core storage and
wrile it onto magnetic tape; they can also read
information on magnetic tape and transmit it to
core slorage,

6. Manual Keyboard: a tenkey manually operated
numeric keyboard associated with the Control Con-
sole. The keyhoard is used to enter a few words at

a time into core storage or to aller register contents
(Fig. 3-1).

SYMBOLIC NOTATION OF INSTRUCTIONS

The Burroughs 220 is designed to use instructions in
numeric form. Each operation in its vocabulary is as-
signed a numeric code: for example, in the Burroughs
220 the multiply operation is assigned the numerie opera-
tion code 14.

WORD CONCEPT

A Burroughs 220 word is 11 decimal digits in length. Ten

decimal digits represent data or an instruction; the
the sign-digit position:

eleventh

Digit Positions -amﬂ-mﬂﬂﬂnﬂ

Computer Word

To identify individual digits within a word, the d
itions of the word are uniquely numbered from left to
i, excluding the sign-digit position: the sign digit is
u_._:...uz::.._ by the symbaol -+

tepresented in the Burroughs 220,

*Appendix B iy & description of how information is stored in the Burroughs 220.

* .
Trademark of the Burroughs Corporation.
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Control Console

Printer

Photoreader

Figure 3-1. Control Console Printer, Punch, and Photareader

The leftmost digit position is referred to as the sign-dig
position: the next digit position is called the first dig
position; the next digit position is called the second Em
position and so forth. The last or rightmost digit positiol

—although numbered 0—is called the tenth m_rn: position.
The first digit position may also be referred to as the
high-order digit of the word: the tenth digit position may
be referred to as the low-order digit position of the word.

it
it
it

The sign-digit position is used to designate the algebraic
sign of numeric words: that is, it tells whether the word

is 15 or minus. A 0 in the sign-digit position represents
a plus sign; a 1 denotes a minus sign.

-

The sign digit of instruction words has no algebraic sig-
nificance; it is used for control purposes. _.._._zn use will
be discussed under the topic of B Register in this chapter
and in more detail in Chapter 8.)

The 11 decimal digits comprising a Burroughs 220 word
can represent an instruction word or a data word. The
control unit in the data-processing section of the system
determines how the word is interpreted. For example,
the word 0 4239 10 1935 can represent the number
+ 1.259,101.935 or it can represent the instruction “clear
the A register and insert the contents of storage location
4955 into the A register.”

A data word may also represent alphanumeric informa-
tion. In the Burroughs 220, the alphanumeric code is a
two-digit code: that is. a single alphanumeric character
is represented by a pair of adjacent decimal digits. Thus
a single computer word can represent a maximum of five
alphanumeric characters,

The alphanumeric code must be a two-digit code because
the number of alphabetic. numeric. and special characters
to be represented exceeds ten. A single digit position in
the Burroughs 220 could represent only ten different
characters—each having a code 0 through 9.

3.2

In the Burroughs 220 alphanumeric code system, special
characters are assigned a code from 00 through 30,
alphabetic characters are assigned a code from 40 through
69, and numeric characters are assigned a code from 80
through 89.

To illustrate, the following is a sample section number
representing section 7—51 in the Marketing Department:
+ 51 87 20 85 81

M 7= 51

INSTRUCTION FORMAT

So far we have considered the nature of an instruction,
the function it performs in a program, and how it is
stored. Now let us consider in detail the instruction for-
mat of the Burroughs 220.

The Burroughs 220 uses a single-address instruction code:
that is. one instruction per word, one address per instruc-
tion. Each instruction word may refer to one and only
one storage address.

Since instructions are, in general. executed in the sequence
in which they are stored in the Burroughs 220, the ad.
dress of the next instruction to be executed need not be
specified in a 220 instruction. For example. if the instruc-
tions of a four-step program were stored in locations 1000
1001. 1002. and 1003. the instruction in location 1001
would automatically be executed after the instruction in
location 1000: the instruction in location 1002 would
automatically be executed after the instruction in location
1001. etc.

In the single-address instruction code employed by the
220, the location of onlv one operand in an arithmetic
operation is specified by the instruction: the other oper-
and is alwavs the contents of a specific register. A sepa-
rate instruction is needed to store the result.

An instruction word is divided into three parts {excluding

the sign digit) : the address, the operation code, and the
control digits.

Digit Positions = 1 2 3 4 5 6 7890

Sign —noszo_ Digits —Ou nnn:_ Address
_ ] ] Y

Instruction Word

The four low-order digit positions of an instruction word
store the address part of the instruction. In cases where
the contents of a specific location are to be used during
the execution of an instruction, these four digits specify
the address of that location. Otherwise, as in the case of
a manipulation instruction where no data from storage is
used, the address part is irrelevant; it may sometimes be
used to specify some other quantity, such as a specific
constant.

Digit positions 5 and 6 store the operation code—the
numeric equivalent of the operation specified; for ex.
ample, 14 is the numeric equivalent of the MULTIPLY
instruction.

Digit positions 1 through 4 store what are called control
digits. These digits are used to designate special proper-
ties or variations of the instruction.

REGISTERS

The Burroughs 220 uses electronie registers for temporary
storage of instructions or data words brought from core
storage to be used in a Data Processor operation. A word
is stored in a register while or until it is used. Registers
are also used to store information necessary for control

Pehan corewn
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of computer operation. During computer :_.n?._:.oz. the
contents of the individual registers are displayed on the
control panel (Fig. 3-2) of the Control Console. (Appen-
dix C is a description of how information is stored in a
register and how the register contents are displayed.)

Each of the registers in the Burroughs 220 has a specific
name and function; a de ion of the registers asso-
ciated with the computing portion of the system follows.

THE A REGISTER

This register contains 11 decimal digit positions: ten
digits for the instruction or data word and one digit for
. This register is used to store one of the operands
in an arithmetic operation and to store an instruction or
data word 1o be manipulated under program control. It
also acts as an accumulator: that is, the results of most
operations appear in this register.

THE R REGISTER

This register contains 11 decimal digit positions: ten
digits plus sign-digit position. This register is primarily
an extension of the A register, as shown in Fig. 3-3.

THE D REGISTER

This register contains 11 decimal digit positions: ten
digits plus sign.digit position. In operations involving

o

two operands. the operand whose address is specified by
the instruction is brought from core storage and placed
in the I register before the operation begins. When an
instruction word is brought from core storage and sent
to the C register for execution, a copy of the instruction
as it appeared in core storage is contained in the D reg-
ister.

[ ) (] 0 [ e e

e brtan G St e

CoOEEEEE00

Figure 3-2. Console Control Panel
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20-Digit Product
0

CTRPIEEET]  BREEEEEEE]

20-Digit Dividend
A

R

A Register
Figure 3-3. A and R Registers

BRI

R Register

THE B REGISTER

This register contains four decimal digit positions: it
does not have a sign-digit position. The primary function
of the B register is to provide for address madification:
that is, when so specified in the si it position of an
instruction brouzht from core storage for exccution, the
number contained in the B register is added to the address
portion of the « instruction as it is sent to the C reg-
ister for interpretation and execution. Thus, when exe-
cuted, the modified copy of the instruction will reference
a storage location that is different from the one refer-
enced by the unmodified copy retained in core storage
and in the D register.

For example: Suppose an instruction in core storage has
1000 as its address. Let us suppose also that the B register
contains 0500, If the instruction brought from storage
indicates that B register address modification is to take
place, the contents of the B register are added to the
address of the instruction (1000 4+ 0500). When exe-
cuted. the instruction will reference location 1500 rather
than Jacation 1000. This function of the B register, plus
other functions, such as tallying or counting, will be
discussed in Chapter 8.

THE C REGISTER

This register contains 10 decimal digit positions; it does
not have a sign-digit position. Any word that enters the
C register is interpreted as an instruction and executed.

It is convenient to regard the C register as being divided
into three parts:

1. The four high-order digit positions (digit positions
H.. 2.3, and 1) of the C register contain the control
digits of the instruction.

2. Digit positions 5 and 6 contain the operation code.

The four low-order digit positions (digit positions
7. 8.9, and 10) of the C register contain the ad-
dress part of the instruction.
The sign digit—used for control

[ : purposes in an instruc-
tion word—is not contained in

he C register. The sig-

Digit Positions 1 2 3 4 5 4 7 g 90

Control Digits Op Code Address
|l 1 | 11
C Register
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nificance of this digit is checked in the D
a copy of it remains.

THE P REGISTER

This register contains four decimal digit
does not have a sign-digit position. The P
trols the sequential operation of the compute
the address of the location from which the ne:
will be taken for execution.

Tegister where

Positions; it
register cop.
ry it <ontaing
Xtinstructiop

For example, if the instruction to be executed next we,
in location 0300, the P register would contain 0500. »:—Mn
this instruction is taken from location 0300 ang sent .“
the C register for execution, the contents of the P register
are increased by one. The next instruction will be M,r.ea
from location 0501.

This sequential operation mode can be interrupted by o
transfer-control instruction. Such an instruction causes
the contents of the I’ register to be replaced by the ad-
dress portion of the transfer-control instruction, The next
instruction would be taken from that address. To illus.
trate: in the previous example, when the instruction in
location 0500 was sent to the C register for execution,
the P register contained 0501, the address of the next
instruction in sequence to be executed. 1, however, the
instruction in location 0500 had been a transfer-control
instruction. the address specified by that instruction
would have been placed in the P register. The next in-
struction executed would not have been the instruction in
location 0501 instead, it would be the instruction in the
location whose address was specified by the transfer-
control instruction.

Location of Instruc- Transfer Control P Register
tion in C Register Instruction
0198 NO 0199
0499 NO 0500
0500 YES Address specified

by transfer-con-
trol instruction,

The next instruction to enter the C register would be the
instruction in the location whose address is in the P reg-
ister—that specified by the transfer-control instruction.

THE S REGISTER

This register contains four decimal digit _Smm:o.:u" it
does not have a sign-digit position. The S register is used
by an operator for checking out (debugging) a program
on the computer,

THE IB REGISTER

This register contains ten decimal digit positions u_cw
sign-digit position. It is located in the Memory noscﬂ
Unit and is used as a buffer between core storage and t M
control and arithmetic units; that is, instructions an

data going to the A, R, D, or C registers from core stor-
age first pass through this register.

THE E REGISTER

i % srons it
This register contains four decimal digit positionsi

does not have a sign-digit position. Located in the Mem-
ory Control Unjt, it is used for control purposes: the
E register will always contain the address of the core
storage location to which access is being made under
computer or manual control. Although the E register is
not in the arithmetic unit, a copy of its contents appears
on the Control Console.

OPERATION CYCLE

Whenever the Burroughs 220 secks and locates an instrue-
tion in core storage, transfers it to the C register, and
then performs the action specified by the instruction, it
has performed the basic eycle of computer operation, This
eycle—referred to as the operation cycle—has two phases:
the first is called the fetch phase; the second is called the
execute phase. During the fetch phase, the instruction is
brought from core storage to the C register; during the
execute phase, the instruction just fetched is executed.
One might picture the operation cycle as following a
pattern like a figure eight:

«—— Starting Point
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That is, the computer begins its operation with the fetch
phase. As soon as it has completed the fetch phase, it
enters the execute phase. When it completes the execute
phase, it re-enters the fetch phase, and so forth. Thus,
during normal operation, the fetch and execute phases are
performed alternately.

A description of what occurs during the execute phase of

each instruction appears in subsequent sections of this
book.

INPUT-OUTPUT MEDIA

The input-output equipment mentioned at the beginning
of this chapter uses various media (punched paper tape,
magnetic tape, punched cards) from which information to
be transmitted to core storage is obtained and on which
information transmitted from core storage is recorded. In
addition, the output from core storage may be printed.

During input preparation, data and instructions are re-
corded on a selected medium and presented to a compat-
ible input device for transmission to core storage. During
output, information is presented to an output device which
records it on a compatible output medium. (Appendix D
is a description of the input-output media employed by
the Burroughs 220.)
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APPROACHING THE PROBLEM

In starting to code the Burroughs 220, three parts of a
data-processing problem must be considered: input, proc-
essing, and output.

INPUT

An input medium must be decided upon by which data
and instructions can be entered into the computer. The
numeric and alphanumeric information—representing the
data to be processed and the instructions that perform the
processing—may be punched into cards or paper tape, or
may be stored on magnetic tape. They can then be read
into core storage. During this phase of the coding opera-
tion, a decision must be made as to where the data and
instructions will be stored; that is, into what locations of
core storage they will be placed.

PROCESSING

The processing phase is the internal computing phase; the
stored instructions are used to manipulate and process the
stored data.

OUTPUT

Some means must be decided upon by which the processed
results may be made available for use. This may be ac-
complished by printing out the processed data, punching
it into cards or paper tape, or storing it on magnetic tape.

These three phases may be shown as:

Input  }—»| Processing

Y

Output

To illustrate, let us take a simple example problem. As-
sume that we have two quantities, x and y. We want to
enter them into the computer, add them together to ob-
tain their sum. z, and print out that sum. We have decided
to enter the data—x and y—into locations 0001 and 0002.
When the sum is computed it will be temporarily stored
in location 0100, prior to being printed out. The instruc-
tions that we have wrilten to process the data will be
stored in locations 1995 through 1999. Punched paper
tape has heen celected as the input medium to read the
data and instructions into the computer.

—_—_—

For the sample problem, storage layout will look like this:

Storage
Location Contents of Location
0000 Not used
0001 Quantity x
) Data
0002 Quantity y
- Locations 0003 through 0099 not used
P for this Tn:_r__..:._.
0100 Storage location for z (computed result).
— Locations 0101 through 1991 not used
. for this problem.
1995 Instruction 1

1996 Instruction 2

1997 Instruction 3

1998 Instruction 4

1999 Instruction 5
When the data and instructions have been stored, the
computer will be directed to execute the instructions start-
ing with the one in location 1995.
The instructions will direct the computer to do the fol-
lowing:

Instruction 1. Clear the A register. Take quantity x
from location 0001 and place it in the
A register.

Instruction 2. Take quantity y from location 0002
and add it to quantity x in A register;
the sum z will appear in the A register.

Instruction 3. Take the sum z from the A register and
store it in location 0100,

Instruction 4. Print the sum,

Instruction 5. Halt the operation.

These instructions will be explained in detail later.

PAPER-TAPE SYSTEM

The Paper-Tape System and two of its instructions will
be discussed as an, example of input-output media.! The
various arithmetic, manipulation, and decision-making
instructions will be discussed in this and subsequent
chapters.

The Burroughs 220 uses paper tape as one of its input-
output media. The paper-tape input equipment for the
Burroughs 220 is a photoelectric reader. The paper-tape

'For a detailed description of the paper-tape system and the remaining paper-tape insiructions. consult Operational Characteristics of the

Burroughs 220, Bulletin 5020,

+1
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output equipment is a paper-tape punch: a character-at-
atime printer may be substituted for a paper-tape m_E‘E__.
Up to ten paper-tape photoreaders and up to ten ._.:hm_.
mm_Ei paper-tapc _E_._n__} or character-at-a-time printers
may be included in the Paper-Tape System of the Bur-
roughs 220. However, only one input or output unit may
be referenced at a time by any one instruction.

On input, the computer can be directed to read either a
specified number of words or all the words contained on
a length of punched paper tape. Or it can read an un.
specified portion of the total words by interspersing the
input_information on the tape with control words, On
output, the coder must specify the number of words to
be punched or printed.

CONTROL WORDS

As a general rule, instruction words with a 6 or 7 in the
sign-digit position are recognized by the computer as
control words. Whether receiving input information from
punched paper tape or punched cards, the computer can
distinzuish these words from other input words if it is
directed to do so. 1t is also possible to ignore 6 and 7
ts in punched paper tape and punched-card input

operations,

If the computer has been directed to recognize control
words, a control word is never sent to storage; instead, it
is sent to the C register and executed. Otherwise, a con-
trol word is read » like any other input word.

Same samples of control words are:

1. A PAPER.TAPE READ instruction with a 6 or a 7
in the sign-digit position might be punched into
paper tape preceding the information to be read
into core storage. As a control word it would be
sent to the C register and exccuted—thus causing
the information following it on the paper tape to be
read into core storage starting with the location
specified in the address portion of the control word.,

2. A control word might be punched into the paper
tape in the middle of the input information which,
when sent to the C register, would halt the reading
operation.

3. A control word might be punched into the paper
tape at the end of the input information which,
when sent to the C register, would halt the reading
operation and transfer control to the first location
of a program just read in, so that computation could
begin.

The uee and purpose of control words will he further
clarified for the reader in connection with the descriptions
of 1 aper-tape and Cardatron instructions. (Control
blocks perform the same functions with magr tape.
Refer to Chapter 11, For more complete details, refer to
Operational Characteristics of the Burroughs 220.)

Deseriptions of the two paper-tape instructions selected as
examples follow.

IThe coder writes the instrue
by the numetic: < y g

n as shown:
v 03 aana.

42

1 nn v PRD saaa, hut on

PAPER-TAPE READ (03} = u nn v PRD agag:

o= If the sign ...:m.: is odd, automatic B register ag.
dress modification occurs.

u Designates the unit from which the information s
to be read.

nn Number of words to be read.

v = 0 Read nn words; control words are not recognized
as such.

v = 1 Read nn words or read until a control word is en.
countered; control words are recognized as such,

v =8 B register address modification of specified input
or will occur.
v=19

1. “Read nn words from unit u into consecutively ad-
dressed locations beginning with location aaaa.”
The PAPER-TAPE READ instruction selects the
particular photoreader from which the information
is to be read. Any one of 10 photoreaders can be
selected by coding a digit from 1 through O in the
“u" digit position of the instruction; a 1 specifies
unit 1, a 0 specifies unit 10,

2

PAPER-TAPE WRITE (06) = u nn 0 PWR aaaa

=+ If the sign digit is odd, automatic B register address
modification oceurs.

u  Designates the unit by which the information is to be
printed or punched.

nn Number of words te be printed or punched.
0 Not relevant to the execution of this instruction.

1. "Print or punch nn words on unit u, taking the
words from consccutively addressed locations begin-
ning with location aaaa.”

2. The PAPER-TAPE WRITE instruction sclects the
particular punch or character-at-a-time printer to
which the information is to be transferred for
punching or printing. Any one of ten units may be
selected by coding a 1 through 0 in the u digit posi-
tion of the instruction; a 1 specifies unit 1, o 0
specifies unit 10,

ADDITION AND SUBTRACTION

INSTRUCTIONS
CLEAR ADD (10) -+ 0000 CAD asan

1. “Replace the entire contents of the A register by the

contents of storage location anan,

B register addr

2. I the sign digit is odd, automa
modification accurs,

Ul preparation, the mnemonic operation code must be replaced

Examples:
Register Contents of A Register
hn\n_wwmh_q Location aaaa After CAD
0 1111 11 1111 0 1234 56 7890 0 1234 56 780
0 4976 00 3872 0 0000 38 7421 0 0000 38 7421

ADD (12) == 0000 ADD aaaa

1. “Add the contents of location aaaa to the contents
of the A register.”

9. The resulting ten-digit sum replaces the contents of
the A register. The sign of the A register is set ac-
cording to the rules for algebraic addition. Excep-
tion: If the result of the addition is zero, the sign of
the result is the sign of the A register before execu-
tion of the ADD instruction.

3. If the sum exceeds the capacity of the A register,
overflow occurs and the overflow indicator is turned
on. (Sce discussion on overflow later in this chap-
:un.u

4. 1 the sign digit is odd, automatic B register address
modification occurs.

Examples:
A Register Contents of A Register Overflow
Before ADD Location aaaa After ADD Indicator

0 1111 11 1111 0 4444 & 4444 0 5555 55 5555 OFF
0 1111 11 1111 O 1234 56 7890 0 2345 67 9001 OFF
0 4343 33 5757 1 4343 33 5757 0 0000 00 0000 OFF
0 8604 30 0000 O 1703 00 0000 0 0307 30 0000 ON

ADD TO LOCATION (19) == 0000 ADL aaaa

1. “Add the contents of the A register to the contents
of location aaaa.”
The sum appears in location anaa.
The sign digit of the word in location aaaa is pro-
duced according to the rules of algebraic addition.
4. If the sum exceeds the capacity of location naaa,

overflow occurs and the overflow indicator is turned
on.

5. If the sign digit is odd, automatic B register address
modification occurs.
Examples:
Contents of Contents of
Loration aana Contents of Location aaaa Overflow
Before ADL A Register After ADL Indicator

0 444 41 4443 0 0000 11 1111 0 4444 55 5555 OFF
0 0000 00 0015 1 0000 00 0025 1 0000 00 0010 OFF
0 8910 00 4136 0 1120 00 1221 0 0030 OO 5357 ON

CLEAR SUBTRACT (11) = 0000 CSU anaa

L. “Replace the entire contents of the A register by the
conlents of location naan.”

2

The sign of the word in aaaa is reversed before it
entern the A register, that is, if the word has a posi-
tive sign, it wi appear in the A register with a nega.
tive sign. If the sign was negative, it will be positive
when it enters the A register.
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3. I the sign digit of the instruction is odd, automatic
B register address modification occurs.

Examples:
n..o:?:.: of Contents of
A Register Contents of A Register
Before CSU Location aaca After CSU
0 7689 00 0322 0 1234 56 T6%0 1 1234 56 7890
1 0060 00 0000 1 9336 43 T0%0 0 9336 44 75K
0 0000 00 0044 1 0000 00 0393 0 0000 00 0E93

SUBTRACT (13) = 0000 SUB aaaa

. “Subtract the contents of aana from the contents of
the A register.”

2

. The difference replaces the original contents of the
A register.

e

The sign of the result is et according to the rules of
algebraic subtraction. Exception: If the result of the
subtraction is zero, the sign of the result is the sign
of the A register before execution of SUBTRACT.

. The overflow indicator is turned on if the result of
the subtraction exceeds the capacity of the A register.

w

. If the sign digit of the instruction is odd. automatie
B register address modification occurs.

Examples:
Contents of Contents of Overflow
A Register Contents of A Register Indicator
Before SUD Location aaaa After SUR

0 0000 00 0333 0 0000 00 0011 0 0000 00 0322 OFF
1 0000 00 0333 0 0000 00 0011 1 0000 00 0344 OFF
1 0000 00 0333 1 0000 00 0011 1 0000 00 0322 OFF
1 4244 58 7890 0 8000 00 0000 1 2244 58 7890 ON
0 3333 33 3333 1 6666 66 6667 0 0000 00 0000 ON

CLEAR ADD ABSOLUTE (10) = 0001 CAA aaaa

1. “Replace the entire contents of the A register by the
absolute value of the contents of location aaaa.”

2. The sign of the word from storage is treated
though it were positive regardless of its actual

3. If the sign digit of the instruction is odd, automatic
B register address modification occurs.

Examples:
Contents of Contenis of
A Register Contents of A z::.:.:.
RBefore CAA Location anaa After CAA

0 1234 56 7090 1 4320 00 9001 0 4320 00 5001

1 BOOD 08 000 01111 11 1 o

ADD ABSOLUTE (12) == 0001 ADA anaa

1. “Add the absolute value of the contents of aaaa to
the contents of the A register.

2. The resultant ten-digit sum replaces the contents of
the A register. The sign of the A register is sct ac-
cording to the rules for algebruic addition. Ex
Gon: I the result of the addition is zero, the sign of
the result is the sigEn of the A Z.ﬂmn:.n helore execu-
tion of the ADA instruction,

4.3
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3. If the sum exceeds the capacity of the A register,
overflow occurs and the overflow indicator is turned
on.

4. If the sign digit of the instruction is odd, automatic
B register address modification occurs.

Examples:
Contents of Contents of
A Register Contents of A Register D.n.:___a:..
Before ADA Location aaaa After ADA Indicator

0 0000 00 0083 0 0000 00 0012 0 (000 GO 0100 OFF
10000 00 0099 1 0000 00 0012 1 0000 00 0087 OFF
0 5000 00 2343 1 3220 00 0239 0 1220 00 2594 ON
06231 11 4890 1 3900 00 0000 0 0131 11 4890 ON
1 0006 66 0004 0 0006 66 000+ 1 0000 00 0000 OFF

CLEAR SUBTRACT ABSOLUTE (11)
= 0001 CSA aaaa

1. “Replace the contents of the A register with the con-
tents of location anaa; the sign of the A register will
be negative.”

2. The sign of the word in aaaa is disregarded.

3. 1f the sign digit of the instruction is odd, automatic
B register address modification occurs.

Examples:
Contents of Contents of
A Reguster Contents of A Register
Bejore €SA Location gaaa After €54

0 0000 45 6300 0 0084 93 7000 1 0084 93 7000

1mmnnn 1 5678 12 3450 1 5678 12 3450

SUBTRACT ABSOLUTE (13) = 0001 SUA aaaa

1. “Subtract the absolute value of the word in location
aaaa from the contents of the A register.”

2. The sign of the word in location aaaa is treated as
positive regardless of its actual value.

w

. The ten-digit difference replaces the contents of the
A register.

4. The sign of the result is set according to the rules
for algebraic subtraction. Exception: If the result of
the subtraction is zero. the sign of the result is the
sign of the A register before execution of SUA.

5. If the result of subtraction exceeds the capacity of
the A register, the overflow indicator is turned on.

o

If the sign digit of the instruction is odd, automatic
B register address modification occurs.

Examples:
ﬁ.u:?:..ﬂ of Contents of
A Register Contents of A Register Overflow
Before SUA Location caaa After SUA Indicator

00000 00 0000 0 0000 00 8509 1 0000 00 8809 OFF
1 0000 00 0338 1 0000 00 0008 1 0000 00 0896 OFF
18070 33 0000 0 0007 66 0049 1 8078 03 0049 OFF
19999 99 9999 0 0000 00 0001 1 0000 00 0000 ON
12004 43 0000 18700 00 0000 1 6704 48 0000 ON
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HALT INSTRUCTION

Even the shortest and simplest Programs must include
HALT instruction. ¢ a

HALT (00) = 0000 HLT 0000
1. “Stop operation of the computer.”

2. If the operator depresses the START button, after
the HALT instruction has been executed, the co.
puter will fetch and execute the contents of the locy.
tion immediately following the HALT.

3. When the HALT instruction is executed, the contents
of the A, R, C and B registers are undisturbed.

4. A program usually contains several HALT instruc.
tions. Since the address portion of this instruction s
not used to reference a storage location, it may be
used to assist the programmer in identifying HALT
instructions. For example, he can identify the fol-
lowing halts by examining the contents of the C reg-
ister displayed on the Console control panel:

0000 00 0001 = Halt No.
0000 00 0002 = Halt No. 2
0000 00 0003 = Halt No. 3

—

5. If the sign digit of the instruction is odd, automatic
B register modification of the four, low-order digits
oceurs.

PARTIAL-WORD OPERATION

Instructions normally refer to the entire word in a register
or in storage. Some operations, however, allow the coder
1o specify either an entire word or any digit or set of
adjacent digits (field} in a word.

The digit or digits referenced by this type of instruction
are called partial-word fields, and this type of machine
operation is called a partial-word operation.

The four high-order or control digits of partial-word in-
structions are used to specify the following:

1. Total-word or partial-word operation, that _M
whether the entire word or only a part of the wor

will be operated upon.

The size and location of the partial-word m.mnE within
the word, if partial-word operation is indicated.

A partial-word field is defined in the Burroughs 220
by the letters sL: s specifies the -mmm_.aomwl..mo.:_.
order—digit of the partial-word field; L %nn;_nu.
the number of digits in the field. In other :.om,_.m. the
field is determined by starting at digit-position
and counting left L digit positions. .
3. The variation of the instruction to be executed in
cases where two instructions have the same ccn”.m»m
tion code. (For example, the STORE A n____.mq, de
R instructions both have the numeric operation no__._ .
10. STORE A is distinguished from STORE _ﬂ_ 7
having a 0 in digit-position , the variatiom< hmv
position, while STORE R has a 1 in this position-

L

SAMPLE PARTIAL-WORD INSTRUCTIONS
STORE A (40) = s L { 0 STA aana

1f { = 1 Partial-word operation.

If £ = 0 Total-word operation,

If f = 0, sL not relevant.

It £ = 1, s specifies rightmost digit position of the par-
tial-word field, L specifies number of adjacent digits in
the partial-word field.

It the sign digit is odd, automatic B register address modi-
fication occurs.

1. “Store the specified field of the A register in the cor-
responding field in location aaaa.”

2. If { = 0, the STORE A instruction replaces the en.
tire contents of location aaaa by the entire contents
of the A register.

3. If f = 1, the sL digits specify the partial-word
field. Since partial-word operations reference only

a specified field, the remaining digits of the word in
location aaaa are unaltered.

4. Execution of STORE A does not alter the contents of
the A register.

5. Any individual digit except the sign digit can be
treated as a separate ficld. The sign digit must be
referenced in conjunction with at least one adjoining

digit.
Examples:
Contents of location aaaa before STA is exccuted: 0 9999 99 9999
Contents of Contents of
A Register Before Location aaca
and After STA Is After Execution
Instruction Exccuted of STA
0 0000 STA aasa 0 2222 22 2222 0 2222 22 2222
0 0300 STA aaaa 0 0000 12 3456 0 0000 12 3456
0 0310 STA aaaa 0 0000 12 3456 0 9999 99 9456
0 6210 STA aaaa 0 3333 33 3333 0 9999 33 9999
0 0010 STA aaaa 0 4400 44 0044 0 4400 44 0044
0 3410 STA aaaa 1 5432 15 8765 1 5439 99 9999

STORE R (40) = s L {1 STR aaaa

If f = 1, partial-word operation.
If { = 0, total-word operation.
If f = 0, sL not relevant.

If f = 1, s designates rightmost digit position of the
partial-word field, L specifies the number of adjacent
digits in the partial-word field.

If the sign digit is odd, automatic B register address mod-
ification occurs.

1. “Store the specified field of the R register in the
corresponding field of location aaaa.”

2. If f = 0, the STORE R instruction replaces the en-

'The reader should be aware that the sample problems are not always realistl
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tire contents of location aana by the entire contents
of the R register.

3. If { = 1, the sL. digits specify the partial-word field.
Since partial-word operations reference only a speci-
fied field, the remaining digits of the word in loca-
tion naan are unaltered.

-

Execution of STORE R does not alter the contents of
the R register.

5. Any individual digit except the sign digit can be
treated as a separale field. The sign digit must be
referenced in conjunction with at least one adjoining

digit.
Examples:

Contents of location aaaa before STR is executed: 0 1111 11 1111

Contents of Contents of
R Register Before Location aasa
and After STR is After Execution
Instruction Executed of STR
0 0001 STR aaaa 0 9999 99 999 0 9999 9 999

0 3211 STR aasa 0 5316 70 6434 01341 11 1111

Consider the following short program as an example of
some of the instructions that have been described.?

This Week

Gross in location 0200
Tax in location 0201
FICA in location 0102 FICA in location 0202

Insurance in location Insurance in location
0103 0203

et in location 0104

Given: Year to Date
Gross in location 0100
Tax in location 0101

Find net pay (net = gross—tax—FICA —insurance) for
this week; store in location 0204, Update year to date.
Start program in location 0000,

0000 CAD 0200
0001 SUB 0201
0002 SUB 0202
0003 SUB 0203
0004 STA 0204  Store net pay this week,
0005 ADL 0104_ Update net pay.

0006 CAD 0200

0007 ADD 0100 » Update gross.

0008 STA 0100

0009 CAD 0201

0010 ADD 0101 » Update tax.

0011 STA 0101

0012 CAD 0202

0013 ADD 0102 » Update FICA.

0014 STA 0102

0015 CAD 0203

0016 ADD 0103 » Update insurance.
0017 STA 0103

0018 HLT 0000  Halt operation.

Calculate net pay this week.

in many of them, more instructions appear than would be

used by an experienced coder. The examples were chosen for simplicity and for the purpose of introducing new instructions gradually,

4.5
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CONCEPT OF OVERFLOW
A Burroughs 220 word is always the same size: it must
contain 10 decimal digits plus a sign digit to be accept-
able to the computer.
Although two stored numbers meet ::u. :.::_.n,ﬂn.. require-
ment, their sum may exceed this size, just as in everyday
arithmetic the sum of two 10-digit numbers may produce
an 11-digit result. For example:
3132 16 7431
+ 1813 16 7142

10275 33 4573

Such a result is too large to be inserted in the A register.
The 11th or high-order digit. gencrated by the “carry
one.” creates a number that exceeds the register capacity.
Because the A register has room for only the 10 low.
order digits of the result, the high-order digit is lost, The
largest number that can be stored in the computer is
9999 99 9099; the sum of two words of this magnitude
will equal 1 8888 88 8888. Thus the lost digit is always
al

Such an occurrence—creation of a number too large to
be contained in the A register—is referred to as overflow.

Examples:
Appearance of
Arithmetic Operation A Register Overflow

+ 8000 00 0000

(+) 4 1000 00 0000
+ 9000 00 0000 0 9000 00 0000 NO
+ 9000 00 0000

(+) + 3000 00 0000
+ 1 2000 00 0000 0 2000 00 DOCO YES
+ 484 99 9978

(+) + 5168 00 9122
+ 1 0010 00 9100 0 0010 00 9100 YES
+ 9841 99 9978

(=) = 0168 00 9122
+ 1 0010 00 9100 0 0010 00 9100 YES

The computer indicates overflow by turning on the over-
flow indicator. The computer will stop when overflow
occurs, unless the overflow indicator is turned off by the
program.

When  the possibility of overflow is anticipated, a
hn...:/nm ON OVERFLOW instruction must rmﬁmzwa_”_c&
_airn E.owHE m::ﬂ&mﬂlw following the instruction that

o cause the overflow. If overflow occurs, the BRANCH
@./. OVERFLOW instruction will turn off the overflow
Em_mﬁcﬂ. preventing the computer from stopping. and
causing a transfer of control to an alternate location. 1f
overflow does not oceur, the BRANCH ON OVERFLOW

instruction i
uction 's executed but no branch occurs: program
control continues in sequence,
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Recognition of an overflow condition when it
a valuable programming aid. Use of this tec

discussed in Chapter 7
fication.

ocCcurs mw
4 : nique |
under Tallying and Address #Zs&m

BRANCHING (TRANSFER OF CONTROL)

Normal Burroughs 220 operation calls for sequential exe
cution of program instructions from successively “”_
dressed storage locations. Situations arise, however, where
interruptions of this sequence are necessary. Branching
instructions are then used. o

A branching instruction can cause program control to be
transferred to the instruction in the location specified by
its address. That is, the next instruction to be fetched
after a branch is not the one following the branching
instruction, but the one in the location specified by _rﬂ
address part of the branching instruction. m.,.aﬂ:.,::..__
operation is resumed at the point to which control is
transferred. For example:

BRANCH UNCONDITIONALLY (30)
- 0000 BUN aaaa

1. “Transfer control to the instruction in location
aaaa.”

o

Sequential operation resumes after the branch.

3. If the sign digit of the instruction is odd, automatic
B register address modification occurs.

Example:
Location Instruction
1000 0 0000 CAD 2225
1001 0 0000 ADD 1500
1002 0 0000 STA 1550
1003 0 0000 BUN 3000
1004 0 1000 PRB 1000

On the BUN instruction, control is transferred to _on..:.mnu
3000, and the next instruction is taken from that location.

BRANCH ON OVERFLOW (31) == 0000 BOF aaaa

1. “If the overflow indicator is on, turn it off n:m_ trans-
fer control to location aaaa; take the next :_.m:._._n.
tion from location aaaa.” (If the overflow indicator
is off, control continues in sequence.)

. Sequential operation resumes after the branch.

[

3. If the sign digit of the instruction is odd, automatic
B register address modification occurs.
Example:

Location Instruction
1000 0 0000 CAD 2225
1001 0 0000 ADD 1500
1002 0 0000 BOF 3000
1003 0 0000 STA 1550
1001 0 0000 HLT 1111

On the BOF instruction, if adding the contents of location
1500 to the A register produces overflow, transfer control
to location 3000. 1f overflow does not occur, continue in
sequence; take the next instruction from location 1003

SAMPLE PROBLEM
INPUT

Using punched paper tape as the input medium, read the
data words A, B, C, and D into locations 0250 through
0253, Read the instructions inte locations 0500 through
0510.
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PROCESSING

Add A to B; check for overflow. If overflow occurs, halt
the processing operation. If no overflow occurs, store the
result, X, in location 0251, Then add € and D to the sum
in the A register. Store the final result, Y, in location
P'-«u—lrl

200,

ouTPUT
Use the character-at-a-time printer to print out the final
result. Refer to Table -1 for solution to problem.

Table 4-1,
Solutlon to Sample Problem.

Storage Program on
Location Paper Tape Remarks

Storage Program on
Location Paper Tape Remarks

6 1000 PRB 0250 | Control instruction:
read data into core
storage.

Quantity A.
Quantity B.

0250 0 2000 76 5431
0251 1 1200 80 0000
0252 0 0000 00 0008 Quantity C.

0253 0 0088 00 9999 Quantity D.

0254 0 0000 00 0000 Sum X.

0255 0 0000 00 0000 Sum Y.

6 1000 PRB 0500 | Control instruction:
read instructions
into core storage.
0500 0 0000 CAD 0250 | A A (Quantity
A sent to
A Regis-
ter)
0501 0 0000 ADD 0251 |A + B

0502 0 0000 BOF 0505 | If overflow, halt.

0503 0 0000 STA 025} | No overflow.

Store X.

0504 0 0000 BUN 0506 | To C and D routine.
0505 0 0000 HLT 0001 | Overflow halt.
0506 0 0000 ADD 0252 | (A + B) + C
0507 0 0000 ADD 0253 | (A+B+C) +D
0508 0 0000 STA 0255 | Store Y.

0509 0 1010 PWR 0255 | Print out final re-
sult Y.

0510 0 0000 HLT 0002 | Program complete;
halt operation.

6 0000 BUN 0500 | Control instruction:
data and instruc-
tions read in;
transfer control to
first instruction to
be executed.
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SHIFTING

The coder will often find it useful to rearrange the con-
tents of the A register and the R register, or both. The
Burroughs 220 provides shifting instructions for this pur-
pose, which allow the coder 1o move the digits contained
in these registers to the left or to the right of their initial
register positions,

SHIFT RIGHT A (48) = 0000 SRA 00nn

1. “Shift the contents of the A register, excluding the
contents of the sign-digit position, nn digit positions
to the right.”

2. Digits shifted out of the low-order end of the A r
ister are lost; as each digit leaves the A register, a
0 enters digit position 1 of the A register, until the
register is filled from the left with nn (s,

3. The R register is not affected by this instruction.

4. If the sign digit of the instruction is odd. automatic
B register modification of the four low-order digits
of the instruction occurs,
Examples:
Contents of A and R Registers
Before Execution of SRA Instruction
A Register R Register
17133 41 9821 1 4792 06 4910
Contents of A and R Registers
After Execution of SRA Tnstruction
Instruction A Register R Register
0 0000 SRA 0006 1 0000 00 7133 1 4792 06 4910
0 0000 SRA 0010 1 0000 00 0000 1 4792 06 4910

SHIFT LEFT A (149) = 0000 SLA 00nn

L. “Shift the contents of the A register, excluding the
contents of the sign-digit position, nn digit positions
to the left,”

2. This is a circulating shift: as each digit is shifted
out of digit position 1 of the A register, it enters the
low-order digit position of the A register.

=

. The R register is not affected by this instruction.

- I the sign digit of the instruction is odd, automatic
B register modification of the four low-order digits
of the instruction occurs.

Examples:

Contents of A and R Registers
Before Execution of SLA Instruction
R Register
1 4692 06 4910

A Register
1 7144 51 9821

Contents of A and R Registers
After Execution of SLA Instruction

Instruction
0 0000 SLA 0006
0 0000 SLA 0010

A Register
1 9821 71 4451
1 7141 51 9821

R Register
1 4792 06 4910
1 4792 06 4910

SHIFT RIGHT A AND R (48) = 0001 SRT 00nn

1. “Shift the contents of the A register and the R regis-
ter, excluding the contents of the sign-digit positions
of both registers, nn digit positions to the right.”

2. When using this instruction. the A and R registers
are considered as one register holding a 20-digit
number.

3. This is not a circulating shift; digits shifted out of
the low-order digit position of the R re
lost. As each digit leaves the right end of the R reg.
ister, a 0 enters digit position 1 of the A register,
until the registers are filled from the left with nn 0's.
The number of digits to be shifted (nn) must always
be 19 or less,

The contents of the sign-digit positions of the A and
R registers are not shifted with the other digits dur-
ing the execution of this instruction. The sign digit
of the R register is replaced by the sign digit of the
A register; the sign digit of the A register remains
the same.

w

. I the sign digit of the instruction is odd, automatic
B register modification of the four low-order digits
of the instruction occurs,

Examples:

Contents of A and R Registers
Before Execution of SRT Instruction
A Register
1 8376 63 7429

R Register
Q 4125 78 6439
Contents of A and R Registers
After Execution of SRT Instruction
Instruction
0 0001 SRT 0004
0 0001 SRT 0010

A Register
1 0000 B3 7663
1 0000 00 0000

R Register
T429 41 257
B3IT6 63 T429

SHIFT LEFT A AND R (49 = 0001 SLT &0nn

L. “Shift the contents of the A register and the R regis.
ter, excluding the contents of the sigu-digit positions
of both registers, nn digit positions to the left.”

2. When using this instruction, the A and R repisters
are considered as one register holding a 20-digit

number,
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3. This is a circulating shift; as each digit is shifted
out of digit position 1 in the A register, it enters
the low-order digit position of the R register.

The cantents of the sign-digit positions of the A and
R registers are not shifted with the other digits. The
sign digit of the A register is replaced by the sign
digit of the R register; the sign of the R register
remains the same.

5. If the sign digit of the instruction is odd, automatic
B register modification of the four low-order digits
of the instruction occurs.

Examples:
Contents of A and R Registers
Before Execution of SLT Instruction
A Register R Register
1 8376 63 7429 0 4125 78 6439

Contents of A and R Registers
After Execution of SLT Instruction
Instruction A Register R Register
0 0001 SLT 0006 0 7429 41 2578 0 6139 B3 7663
0 0001 SLT 0010 0 4125 78 6439 0 B376 63 7429

SHIFT RIGHT A WITH SIGN (48)
== 0002 SRS 00nn

1. “Shift the contents of the A register, including the
contents of the sign-digit position, nn digit positions
to the right.”

The execution of this instruction does not result in
the recirculating of digits. Instead, digits shifted out
of the low-order digit position of the A register are
lost; as cach digit leaves the A register, a 0 enters
the A register through the sign.digit position.

Lt

3. The R register is not affected by this instruction.

4. If the sign digit of the instruction is odd, automatic
B register modification of the four low-order digits
of the instruction occurs.

Examples:
Contents of A and R Registers
Before Execution of SRS Instruction
A Register R Register
0 9323 86 7149 1 4976 20 4193

Contents of A and R Registers
After Execution of SRS Instruction

Instruction A Register R Register
0 0002 SRS 9005 0 0000 98 2386 14976 20 4193
0 0002 SRS 0010 0 0000 00 0000 1 4976 20 4193

SHIFT LEFT A WITH SIGN (49)
=+ 0002 SLS 00nn

L. “Shift the contents of the A register, including the
contents of the sign-digit position, nn digit positions
to the left.”

2. This is a circulating shift; as each digit is shifted
out of the sign-digit position in the A register, it
enters the low-order digit position of the A register.

3. The R register is not affected by this instruction.
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4. If the sign digit of the instruction is odd, automatje
B register modification of the four low.order digits
of the instruction occurs. =

Examples:

Contents of A and R Registers

Before Execution of SLS Instruction

A Register R Register
0 9823 86 7149 1 4976 20 4193

Contents of A and R Registers

After Execution of SLS Instruction

Instruction A Register R Register

0 0002 SLS 0005 6 7149 09 8238 1 4976 20 4193
0 0002 SLS 0010 9 0982 38 6714 1 4976 20 4193

UNPACKING

A data word may be so constructed by the coder that it
contains two or more kinds of information. This technique
of storing different kinds of items in a single data word
is referred to as “packing™ a word. Suppose that location
1520 contains 0 4736 00 1756 where: 4736 is an employee
number and 1756 is the employee’s hourly rate of pay
(81.756).

When the packed word is brought out of core storage, it
is necessary to “unpack” or separate the various types of
information before each item may be used individually.

The shifting instructions provide one means by which the
coder may unpack a data word. By shifting the informa.
tion not immediately needed into the R register, for ex-
ample, he is able to isolate the specific data needed for
immediate calculations. For example: location 3500 con-
tains 0 0150 01 6000 where: 4500 denotes year-to-date
charity deductions {$15.00} and 16000 the year-to-date
insurance deductions (8160.00). To unpack this informa-
tion, the contents of the A and R registers could be shifted
right so that the A register contains only the year-lo-date
charity deductions (0001 SRT 0005). The R register now
contains the year-to-date insurance deductions:

A Register R Register
0 0000 00 4500 0 1600 00 0000
When the information in the A register—charity deduc-
tions—has been used, the A register can be n_np.u& (set
to zero). (See CLEAR A instruction later in this n_.:%.
ter.) The contents of the R register are shifted back into
the A register:
R Register
0 0000 00 0000

A Register
0 0000 01 6000

Now the year-to-date insurance information is available
for use by the program.

LOADING THE R REGISTER

The LOAD R instruction, generally used for __nz_ﬁew.._:_w
storing information when the A register contains _:?__n..
mation that cannot be destroyed, can be used in unpac

ing a data word. With this instruction the __mn_.wﬂ_ s.ﬂ._.w
. - i n
can be brought directly into the R register. . nj_oma

various types of information can be separatec

digits representing a specific kind of information can be
shifted as a unit into the A register. The remaining seg-
ments of the data word can be retained in the R register
until needed.
LOAD R (41) = 0000 LDR anaa

1. “Replace the contents of the R register by the con.

tents of location aaaa.”

2. Execution of this instruction does not alter the con.
tents of location aaaa.
If the sign digit of the instruction is odd, automatic
B register address modification occurs.

o

Examples:

Contents of R Register Before Execution of LDR Instruction:
0 0943 20 0055
Contents of

R Register
After Execution
Contents of of LDR
Instruction Location aaaa Instruction
0 0000 LDR saaa 0 0000 01 0001 0 0000 01 0001
0 0000 LDR aaaa 1 4321 70 8963 14321 70 8963

EXTRACTING

Another instruction used to unpack or select specific
digits of information contained in a Burroughs 220 word
the EXTRACT instruction. The characteristics of this
instruction are as follows:

EXTRACT (17) = 0000 EXT aaaa

1. “Extract specified digits from the word in the A reg-
ister by changing each digit, including the sign
digit, to zero, if the corresponding digit position of
the word in location aana contains an even digit.”

2. A digit in the A register remains unchanged if the
digit in the corresponding digit position of the word
in location aaaa is odd.

3. In most programs, when the EXTRACT instruction
is used, a constant has been stored in location aaaa
containing a predetermined combination of 0's and
I’s. This number is referred to as an extract con-
stant.

4. If the sign digit of the instruction is odd, automatic
B register address modification occurs.

Example:

Location 1002 could contain the word 0 7463 23 9128. If
the coder wants to retain only the four middle digits of
the word, he could store in location 1025 the extract con-
stant 0 0001 11 1000. The following steps accomplish the
desired extraction:
Contents of
Instruction A Register Remarks

00000 CAD 1002 0 7463 24 9128  Only desired digits of word
0 0000 EXT 1025 0 0003 24 9000 remain in A register.

SIGN-DIGIT MANIPULATION

There are occasions when the coder may wish to change
w_:_ sign digit of a word in the A register. The following
Instruction provides this facility.
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LOAD SIGN A (43) == 000n LSA 0000

1. *Replace the contents of the sign-digit position of
the A register by n.”

2. If the sign digit of the instruction is odd, automatic
B register modification of the four low-order digits
of the instruction occurs.

Examples:
Contents of Contents of
A Register A Register
Before Execution After Exccution
Iastruction of Instruction of Instruction

0 0001 LSA 0000
0 0000 LSA 0000

MULTIPLICATION
MULTIPLY (14) = 0000 MUL aaaa

1. “Multiply the contents of location aaaa by the con-
tents of the A register. Insert the 20-digit product in
the A and R registers.”

2. The ten low-order digits of the product replace the
contents of the R register. (Note that this will de-
stroy any information that has previously been
stored in 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
positions of both the A and R registers,

3. The sign of the product is the algebraic result of the
operation,

4. 1f the multiplier and multiplicand are not positioned
properly, the high-order digits of the product could
appear in the R register. (Refer to discussion of
scaling.) If this occurs, the product must he shifted
into the A register before it can be used in further
calculations.

5. If the sign digit of the instruction is odd. automatic
B register address modification occurs.

0 4321 56 0789
1 4321 56 0799

1 4321 56 0789
0 4321 56 0789

Examples:

The following examples illustrate the multiply operation,
showing positioning of the product in the A register, the
R register, or both.

Example 1.

Problem: Multiply the contents of location aasa by the contents of
the A register: 0 0000 03 3333

Contents of the A and R Registers

Multiplicand in After the Execution of the
Location aaea Multiply Instruction

0 0000 00 0002 0 0000 00 0000 0 0000 06 6666
0 0000 02 0000 0 0000 00 0000 0 0666 66 0000
1 0200 00 0000 1 0000 06 6666 1 0000 00 0000
Fxample 2.

Problem: Muliiply the contents of location aaaa by the contents of

the A register: 1 0440 00 0000

Contents of the A and R Registers
After the Execution of the

Multiplicand in
Multiply Instruction

Location acaa

0 0033 30 0000 0 0001 45 6200 0 0000 00 0000
1 0000 01 1111 1 0000 00 0463 1 8840 00 0000
0 LIl 11 111 0 0048 83 8888 0 8840 00 0000
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ROUND (16) = 0000 RND 0000

1. “Increase the ahsolute value of the ::z__:.:. in the
A register by + 0000 00 0001, if the high-order
digit of the I register is 5 or greater, and nr.u_.. the

R register. If the high-order digit of the R register
is less than 5, leave the A register unaltered and
clear the R register.”

9. Overflow is possible if the A register contains all 9's
before the execution of the instruction and the high-
order digit of the R register is 5 or greater.

3. If the sign digit of the instruction is odd, automatic
B register modification of the four low-order digits
of the instruction occurs,

Example:
1y 1,432 by 43. Round the product to two decimal places.

Assume: location 2001 contains 0 0000 00 1432
location 2010 contains 0 0000 00 0043

Instructions A Register R Register
0 0000 CAD 2010 0 0000 00 0043 0 0000 00 0000
0 0000 MUL 2001 0 0000 00 0000 0 0000 06 1576
0 0001 SLT 0009 0 0000 00 6157 0 6000 00 0000
0 0000 RND 0000 0 0000 00 6158 0 0000 00 0000
0 0000 HLT 0000 0 0000 00 6158 0 0000 00 0000

Product: 61.58

CLEARING REGISTERS AND LOCATIONS

There are many occasions when the coder wants to clear
(set to zero) the A or the R register (or both), or a
storage location. The following instructions perform the
clearing funetion.

CLEAR A (45) = 0001 CLA 0000

1. :F._,_.E.q every digit, including the sign digit, in the
A register with 0.

2. 1f the sign digit of the instruction is odd, automatic
B register modification of the four low-order digits
of the instruction occurs.

Example:
Contents of A and R Registers

Refore Execution of CLA Instruction
A Register

1 7432 89 6577

R Register

1 4571 22 1665
Contents of A and R Registers

After Execution of CLA Instruction

A Register
0 0000 00 0000

Instruction

R Register
00001 CLA 0000

1 4571 22 1665

CLEAR R (45) = 0002 CLR 0000

1 .xn_u_.nnn every digit, including the sign digit, in the
R register with 0.”

2. If the sign digit of the instruction s odd, automatic

B register modification of the four low-order digits
of the instruction vceurs,

Example:
Contents of A and R Registers
Before Execution of CLR Instructjon

A Register
1 7432 89 6577

R Register
14571 22 1665
Contents of A and R Registers
After Execution of CLR Instruction

Instruction
0 0002 CLR 0000

A Register

R Register
1 7432 89 6577

00000 00 ooy
CLEAR A AND R (45) == 0003 CAR 0000

1. “Replace every digit, including the sign digit, of the
A and R registers with 0.”
2. If the sign digit of the instruction is odd, automatic

B register modification of the four low-.order digits
of the instruction occu

Example:
Contents of A and R Registers
Before Execution of CAR Instruction

A Register
1 7432 89 6577

R Register

1 4571 22 1665
Contents of A and R Registers

After Execution of CAR Instruction

Instruction

0 0003 CAR 0000

R Register
0 0000 060 0000

A Register
0 0000 00 0000
CLEAR LOCATION (46) == 0000 CLL aaaa
1. “Replace every digit. including the sign digit, of
location aaaa with 0.”

2. If the sign digit of the instruction is odd, automatic
B register address modification occurs.

Example:

Contents of location 2250 before execution of CLL instructi
1 4376 52 8997
Contents of Location 2250
After Execution of CLL Instruction

Instruction Location 2250
0 0000 CLL 2250 0 0000 00 0000
DIVISION

DIVIDE (15) = 0000 DIV aaaa

s : d
1. “Divide the 20-digit contents of the .noﬁr_:nm_.> ani
R registers by the contents of location aaas.

2. If the absolute value of the divisor (the e :M.
location aaaa) is greater than the mwme__.;m. a.m_cm:”a
the portion of the dividend in the A ummﬁnnh. di
division is performed. Upon completion © ﬂrm 10-
vide operation, the A register will contain _.M the
digit quotient and the R register ,..._: no:ﬂ: i
true (undivided) remainder, The sign of the MQF
tient will be the algebraic result of the %ﬁm» e
The sign of the remainder will be the same as
sign of the dividend.

3. If the absolute value of the divisor is less than or
equal to the absolute value of the portion of the
dividend in the A register, division will not occur
because the result would exceed the capacity of the
A register. Instead, the overflow indicator will be
turned on, and the execution of the instruction will
terminate, leaving the contents of the A and R regis-
ters unaltered.

4. Since the dividend is considered by the computer to
be a 20-digit number contained in the A and R reg-
isters, the R register must be cleared before a divide
aperation, if the 10 low-order digits of the problem
dividend are zeros.

5. If the sign digit of the instruction is odd, automatic
B register address modification occurs.

Examples:

Example 1,
Location 1000 contains 0 0000 00 0300
Location 1001 contains 1 0000 00 0064

Instructions A Register R Register
0 0000 CAD 1001 1 0000 00 0064 0 0000 00 0000
0 0000 DIV 1000 1 2133 33 3333 1 0000 00 0100

The answer will be—.2133 33 3333, with an undivided remainder
of 100.

Example 2.
Location 0500 contains 1 0000 00 0002

Location 0501 contains 0 0000 00 0004

Instructions A Register R Register
0 0000 CAD 0501 0 0000 00 0004 0 0000 00 0000
0 0000 DIV 0500 0 0000 00 0004 0 0000 00 0000

Dividing 4 by 2 produces the number 2, which exceeds the capacity
of the A register (see following section on scaling). Therefore:
the overflow indicator is turned on. Execution of the instruction
is terminated.

SCALING

In fixed-point arithmetic!, the operations of addition, sub-
traction, division, and multiplication are performed as if
the numbers in the Burroughs 220 had a decimal point—
the so-called machine decimal point—in a fixed location
in a word. The machine decimal point is located between
the sign-digit position and the high-order digit position
of each word.

Because the machine decimal point and the problem deci-
mal point seldom coincide, the coder must keep track of
the problem decimal point during arithmetic operations.
As an example of this, a word will be processed by the
computer as 0 0014 63 4210 even though to the coder it
may represent the value 1463.4210. This problem of ac-
counting for the decimal point in an arithmetic result is
referred to as bookkeeping the decimal point, or scaling.

Rearranging Informatlon for Computation

To help the coder determine the location of the problem
decimal point with respect to the machine decimal point,
the concept of scale factor has been developed. This con-
cept states that:

1. If the problem decimal point is located to the right
of the machine decimal point, the number is said to
have a negative scale factor.

2. 1f the problem decimal point is located to the left
of the machine decimal point, the number is said to
have a positive scale factor,

3. The value of the scale factor is equal to the number
of digit positions between the machine decimal point
and the problem decimal point.

Examples (where the machine decimal point is repre-
sented , ):

+ , 123.450000° has a scale factor of —3.

— A 000123.4500 has a scale factor of —6.

+1234.5 , 0000 00 0000 has a scale factor of +1.
.12345 , 0000 00 0000 has a scale factor of +5.

In keeping with the scale factor concept, the following
rules are suggested to help the coder keep track of the
decimal point.

RULE 1

In addition and subtraction, the number in the A register
(first operand) and the number in core storage (second
operand) must have the same scale factor. This is a
familiar practice in everyday arithmetic: lining up the
decimal points before adding two numbers or subtracting
one number from another number. For example:

First Operand Second Operand Remarks

0, 0000 14 3.291 0,0000 00 5371 Each has a scale factor of
-1.

0, 0045.00 0000 0, 0017.00 0000  Each has a scale factor of
-4,

0,46.13 00 0000 0,15.54 00 0000 FEach has a scale factor of
-2

RULE 2

In multiplication, the scale factor of the product is the
sum of the scale factor of the multiplier and the scale
factor of the multiplicand. For example:

Multiplier Mulriplicand
0,12.00 00 0000 0, 12,00 00 0000
0, 13.00 00 0000 0, 0000 00 013.0

Product
0, 0144.00 0000 0 0000 00 0000
0, 0000 00 0016 0 9.000 00 0000

"The Burroughs 220 also provides for floating-point arithmetic to keep track of the problem decimal point automatically. See Chapter 10,
*The machine decimal point will be denoted by the symbol, ; the problem decimal point will be denoted by the conventional period.
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Rearranging Information for Computation
RULE 3 —._ m
ivisor is acted
division, the scale factor of the divisor is su trac
M__.UE:_._WM@MS? factor of the dividend to obtain the scale
factor of the quotient. For example:

Dividend
0, 0000 16,5000 0 0000 00 0000
0., 0000 00 0016 0 9,000 00 0000
A
Divisor Quotient
0, 001300 0000 0, 0130 00 0000
01 0130 00 0000 04 0000 00 1300

As a final example, suppose that it is desired to calculate
an employee’s gross earnings during a pay period. It is
known that his rate is in the form r.rr, and that hours
worked are in the form hhh. It is desired to calculate
gross earnings rounded to the nearest cent. The problem

Table 5-1
Sample Scaling Problem No. 1
Location Contents Remarks
2001 0 000X X.X X000 Rate.
2002 0 000X X.X X000 Hours worked.

Given information above, find gross earnings to nearest
cent. Store result in location 2003. Begin program in

location 1000,

Instruction _ Scale Factor
First Methed
1000 CAD 2001 -5
1001 MUL 2002 —-10
1002 SLT 0002 -8
1003 RND 0000 -8
1000 STA 2003 -3
Second Method
1000 CAD 2001 it
1001 SLA 0002 —3
1002 MUL 2002 -8
1003 RND 0000 -8
1004 STA 2003 -8

Result: Location 2003 contains 0 0000 0(X) XX.XX,
gross earnings.

is to store “rate” and “hours worked”
product in the desired form. Thus:

pay =

The desired result (obtaining a scale factor of =8) could
also be achieved in other ways;

rate X hours
+ 000r.rr 0000 X 00hh. hO 0000

p000 00 0000 '

+ 0000 00 pp.pp
{a scale factor of —8)

for example:

to produce the

+ 0000 r.r t000 X <+ Ohh.h 00 0000

as well as

=+ Or.rr 00 0000 X + 0000 hh. h000
yield the same result.

SAMPLE PROBLEMS

Refer to Tables 5-1 and 5-2 for sample scaling problems,

Table 5.2

Sample Scaling Problem No. 2

Location Contents Scale Factor
1000 90 —-10
1001 82 -10
1002 93 =10
1003 65 —=10
1003 75 =10 .
1005 80 =10
3000 6 -2
Given the information above, find the average, correct to
one decimal. of the six numbers stored in locations 1000
through 1005. Store the answer in location 1006. Start the
program in location 2000,
Instruction Remarks
2000 CAR 0000 0= A and R registers.
2001 CAD 1000 First number =»rA.
2002 ADD 1001
2003 ADD 1002 s
ami 0D s | i
2005 ADD 1001
2006 ADD 1005
2007 DIV 3000 Find average.
2008 SRT 0001 Scale factor of =9
2000 RND 0000 Round to one decimal.
2010 STA 10006 Store result.
2011 HLT 0000 Halt operation. .
-

Using the Burroughs 220 to Make Decisions

STEPS IN MAKING DECISIONS

One of the frequent clerical functions necessary in the
manual processing of data is to sort information by some
characteristic before further processing.

This is the case when an accounts payable clerk looks at
each of a stack of vendor inveices to find those that must
be paid on a specific date, He examines the date on each
invoice, putting those with the specificd date aside. When
all of the invoices have heen examined, those put aside
may be processed further and checks prepared for the
vendors represented by the invoices,

This task, like other sorting tasks, can be broken down
into a sequence of steps, Let us consider the example of
a clerk who must examine three numbers to determine
which is the smallest.

Assuming that no two of the three numbers are equal, the
steps for this job might be as follows:

1. He looks at the first number.
2
3. He remembers the first number and decides which

of the numbers is the smaller. He disregards the
larger.

He then looks at the second number.

He looks at the third number,

5. He remembers the smaller number from the first
comparison, and decides which of the numbers now

being compared is the smaller. He disregards the
larger.

m..Eammz_n:u_v_n_:vom-:F.E:u:ew._.__._EVn_.Sp
special report.

This process is graphically portrayed in the flow chart
shown in Fig. 6-1.

The reader will note from the sequence of steps illustrated
that the basic operation is twofold:

1. Examining data for specific properties;

2. Deciding what action to take as the result of the
examination; ie., performing an operation if the
specific propertics are present, or rejecting the orig-
inal data and examining another picce of data if the
specific properties are absent.

The Burroughs 220 can:
1. Examine data;

2. Make a “decision” as to the course of action to be
taken (as the result of the examination).

SETTING UP COMPUTER DECISIONS

The decision-making operations of the camputer are pre-
determined by the coder. In his program, he must pro-
vide the possible alternate courses of action and the cri-
teria to determine which alternative is to be taken. De-
cision-making situations can usually be reduced by the
coder to a set of comparison

to another number and a '
.

me number is compared
arger than,” “equal to,” or
‘smaller than™ situation is set up within the computer
depending on the results of the comparison, This provides
the basis for the selection of a course of action to be
taken. The coder may so cade his program that the com-
puter tukes the proper course of action for any of the
possible results of the comparison.

If the problem of examining three numbers to determine
the smallest were applied to the computer, the coder m
write his program as follows:

Step in
Program Instruction To Computer
Step1  Compare first number with second number.
Step2  Interrogate computer. If first number smaller,
go to next step. 1f second number smaller, go
to step 9.
Step3  Compare first number with third number.
Stepd I first number smaller, go to next step. If
third number smaller, go to step 7.
Step5  Store first number as smallest number.
Step6  Halt computer operation.
Step 7 Store third number as smallest number.
Step8  Halt computer operation.
Step9  Compare second number with third number.
Step 10 If second number smaller, go to next step. If
third number smaller. go back to step 7.
Step 11 Store second number as smallest number.
Step 12 Halt computer operation.

The reader will note that the computer may or may not
go through all the steps listed. And it may or may not
take the steps in the order listed. This illustrates the prin-
ciple that the coder must always foresee cvery alternative
that may be required. See Fig. 6-2 for a flow chart of
this program.

The coder may use the decision-making ability of the com-
puter to select particular items from extremely large vol-
umes of data in order to perform specific operations on
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Compare the first
number with the
second number.

NO Compare the

Is the tirst second number

smaller thon

Is the Post the third
second number HO :E..__uﬂn.o _.mn

Compare the first
number with the
third number.

B |

with the smaller than special
the second? third number. the third? i
YES | ves

Is the first
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than the third

number?

Post the third
o number to the
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[ves

Post the first
number fo the
special report.

Post the second
number to the
special report,

Figure 6-1. Clerk’s Decision-Making Steps

the selected items. For example, inventory balances for
2000 items could be examined by the computer to deter-
mine if any of the 2000 items has been depleted to its
reorder point of 250. Those items that had reached the
reorder point could be reordered automatically. This task
might be accomplished by writing a program to have the
computer do the following:

1. Compare a constant of 230 to each inventory bal-
ance. ]

2. If an equalto or greater-than condition exists as a
result of the comparison, transfer control to a re-
order routine: if a smaller-than condition exists,
examine the next inventory balance,

Thus the computer can automatically select one of several
program paths without stopping or without the necessity
of additional instructions.

DECISION-MAKING OPERATIONS OF
THE BURROUGHS 220

When a decision-making operation is required in a pro-
gram. the coder must first think of setting up a decision-
making condition within the computer. This usually con-
sists of a comparison of two words, two fields, or two
digits. Based upon the result of such a comparison, a
transfer of program control may occur. For example: if

the comparison shows the two quantities compared to be
equal, a transfer may occur; or if the comparison shows
one quantity to be larger than the other, n transfer may
oceur. A separate branching instruction or a special trans-
fer-of-control feature built into the comparison instrue-
tion determines which sequence of instructions is to be
followed in accordance with the outcome of the particular
comparison in the program.

Such is the case when the contents of the A or R register
are compared with a word in storage. (Either the entire
words are compared or specified partial-word fields.) A
transfer of control may be effected, based upon the result
of the comparison.! For this operation, two instructions
are needed: one to make the comparison and one to trans-
fer control. One or more branching instructions following
the comparison in the program are specified to cause a
transfer of control on certain results of the comparison.
On any result other than the ones specified, the .m:.m—._n.r.
ing instruction causes program control to continue N
sequence,

ecision-
n:_omu
when
wn in

There are other methods of incorporating a d
making operation into a program. One of these m
requires the use of a tally. This method can be used
the number of times a loop must be repeated is kno
advance. (A loop is a repetition of part of a ﬁwcm;_ﬂ.u

"The results of the comparison may be observed on the comparison indicator, on the Console.
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Figure 6-2. Computer Decision-Making Steps

At the beginning of each repetition, a tally (number) in
storage can be reduced or increased by 1, and then tested
by a conditional-transfer instruction. The tally is selected
so that when the final iteration has been performed, a
predetermined condition will exist in the computer—as a
tesult of the final increase or decrease of the tally—
causing the conditional-transfer instruction to transfer
program control. | An example of the predetermined con-
dition mentioned above is overflow; an example of a
conditional-transfer instruction is BRANCH ON OVER.
FLOW. Overflow and BRANCH ON OVERFLOW are
described in Chapter 4.)

Two other methods require only a single instruction for
the decision-making operation. These methods are ex-
amples of the special transfer-of-control feature built into
a comparison instruction.

The sign digit of a word in the A register may be com-
pared with a specified digit of the instruction being exe.
cuted. When the digits compared are equal, control is
transferred to a program path designated by the address
portion of the instruction.

A transfer of control may also occur with a single instruc-
tion when one or more adjacent digits in a specified field
of the A or R register are compared with one or two digits
specified by the instruction being executed. As with the
previous comparison, if the digits compared are equal,
program control is transferred to a program path desig-
nated by the address portion of the instruction.

In either case, when the numbers compared are not equal,
the program continues in sequence. The following Bur-
roughs 220 instructions perform the operations described.
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COMPARE FIELD A (18)

If

+ s L f 0 CFA aaaa

f = 0, the entire word in the A register will be com-

pared with the entire word in location aaaa, and digits s
and L are not relevant.

If

f = 1, a partial-word field of the word in the A regis-

ter will be compared with the corresponding field in loca-
tion aaaa, and s designates the rightmost digit of the
partial-word field. L specifies the number of adjacent
digits in the partial-word field.

1f

the sign digit is odd, automatic B register address modi-

fication occurs.

COMPARE FIELD R (18)

1. “Compare the contents of the specified field of the
word in the A register with the corresponding field
in location aaaa. Set the comparison indicator to:

a. HIGH if the contents of the specified ficld of the
word in the A register are greater than the corre-
sponding field of the word in location aaaa.

b. EQUAL if the contents of the specified field of
the word in the A register are equal to the corre-
sponding field of the word in location aaaa.

c. LOW if the contents of the specified field of the
word in the A register are less than the correspond-
ing field of the word in location aaaa.”

2. If the sign-digit positions of the words to be com-
pared are not included in the field specified, the
comparison is considered to be made with respect to
the absolute value of each field.

o

If the words to be compared are numeric, and their
respective sign-digit positions are included in the
fields specified, then the comparison is algebraic,
and the following rule of comparison may be used:
1, 9999 99 9999 is less than 1, 1111 11 1111,
which is less than 0, 1111 11 1111, which is less
than 0, 9999 99 9999,

+ s L f1CFR asaa

If f = 0, the entire word in the R register will be com-
pared with the entire word in location aaaa. Digits s and
L are not relevant.

If f = 1, a partial-word field of the word in the R register
will be compared with the corresponding field in location
aaaa, and s designates the rightmost digit of the partial-
word field. L specifies the number of adjacent digits in

the

partial-word field.

If the sign digit is odd, automatic B register address modi-
fication occurs.

1. “Compare the contents of the specified ficld of the

64

word in the R register with the corresponding field
of the word in location aaaa. Set the comparison
indicator to:

a. HIGH if the contents of the specified field of the
word in the R register are greater than the corre-
sponding field of the word in location aaaa.

b. EQUAL if the contents of the specified field of the

word in the R register are equal to the correspond.
ing ficld of the word in location aaaa.

c. LOW if the contents of the specified field of the
word in the R register are less than the correspond.
ing field of the word in location aaaa.”

2. If the sign-digit positions of the words to be com.

pared are not included in the fields specified, then
the comparison is considered to be made with re-
spect to the absolute value of each field.

If the words to be compared are numerie, and their
respective sign-digit positions are included in the
fields specified, then the comparison is algebraic,
and the following rule of comparison may be used:
1, 9999 99 9999 is less than 1, 1111 11 1111,
which is less than 0, 1111 11 1111, which is less
than 0, 9999 99 9999.

BRANCH COMPARISON HIGH (34)
=+ 0000 BCH aaaa

N

“Transfer control to location aaaa if the comparison
indicator is set to HIGH; take the next instruction
from location aaaa.” If the comparison indicator is
set to LOW or EQUAL, control continues in se-
quence.

The comparison indicator is set by the instructions
just described: COMPARE FIELD A or COMPARE
The state of the comparison indicator is not dis-
turbed by the exceution of the BRANCH COMPARI-
SON HIGH instruction. Its setting remains the same
until another COMPARE FIELD A or COMPARE
FIELD R instruction is executed.

If the sign digit of the instruction is odd, automatic
B register address modification occurs.

Examples:

Contents of A Register: 0 0000 01 2100
Contents of location 1000: 0 0000 00 3200

No.

2

Remarks

Comparison Indicator set to HIGH,
(Contents of specified field of rA are
greater than the contents of corre-
sponding field of location 1000.)

Transfer control to location aaaa.

Comparison Indicator set to LOW. (Con-
tents of specified field of rA less than
contents of corresponding field of
location 1000.)

Conlinue in sequence.

Instructions
0 7210 CFA 1000

0 0000 BCH asaa
0 8210 CFA 1000

0 0000 BCH aaaa

BRANCH COMPARISON LOW (34)
=+ 0001 BCL aaaa

1. “Transfer control to location aaaa if the comparison

3

indicator is set to LOW; take the mext instruction
from location aasa.” If the comparison indicator is
set to HIGH or EQUAL, control continues in 8¢
quence.

COMPARE

The comparison indicator is set by

FIELD A or COMPARE FIELD R.

The state of the comparison indicator is not dis-

turbed by the execution of the BRANCH COMPARI-

SON LOW instruction. Its sctting remains the same
until another COMPARE FIELD A or COMPARE
FIELD R instruction is executed.

4. If the sign digit of the instruction is odd, automatic
B register address modification occurs.

Examples:

Contents of A Register: 0 0150 00 0000
Contents of Location 1000: 0 0250 00 0000

No. Instructions Remarks

1 04310 CFA 1000 Comparison Indicatoer set 1o LOW, (Con.
tents of specified field of rA less than
contents of corresponding field of
location 1000.)

0 0000 BCL aaaa  Transfer control to location aaaa,

2 04210 CFA 1000 Comparison Indicator set to EQUAL.
(Contents of specified field of rA
equal to contents of corresponding
field of location 1000.)

0 0000 BCL asaa

BRANCH COMPARISON UNEQUAL (35)
=+ 0001 BCU aasa

1. “Transfer control to location aaaa if the comparison
indicator is set to HIGH or LOW: take the next in-
struction from location aaaa.” If the comparison
indicator is set to EQUAL, control continues in
sequence.

2. The comparison indicator is set by the instructions

COMPARE FIELD A or COMPARE FIELD R.

The state of the comparison indicator is not dis-

turbed by the execution of the BRANCH COMPARI-

SON UNEQUAL instruction. Its setting remains the

same until another COMPARE FIELD A or COM.

PARE FIELD R instruction is executed.

4. If the sign digit of the instruction is odd, automatic
B register address modification occurs.

Examples:

Contents of A register: 0 0402 31 0800

Contents of Location 1000: 0 0180 31 0200

No. Instructions

Continue in sequence.

w

Remarks

1 02210 CFA 1000 Comparison Indicator set to HIGH.
(Contents of specified ficld of rA
greater than contents of correspond-
ing field of location 1000.)

Transfer control to location aaaa,

Comparison Indicator set to EQUAL.
(Contents of specified ficld of rA
equal to contents of corresponding
field of location 1000,)

Continue in sequence.

Comparison Indicator set to LOW. (Con-
tents of specified field of rA less than
contents of corresponding field of
location 1000.)

0 0000 BCU aaaa  Transfer control 1o location aaaa.

BRANCH COMPARISON EQUAL (35)
== 0000 BCE aaaa

L. “Transfer control to location aaaa if the comparison
indicator is set to EQUAL: take the next instruction

0 0000 BCU aaaa
2 06210 CFA 1000

0 0000 BCU asaa
3 04210 CFA 1000

Using the Burroughs 220 to Make Decisions

from location naaa.” If the comparison indicator is
sct to HIGH or LOW, control continues in sequence.

2. The comparison indicator is set by the instructions
COMPARE FIELD A or COMPARE FIELD R.

3. The state of the comparison indicator is not dis.
turbed by the execution of the BRANCH COMPARI-
SON EQUAL instruction. Its setting remains the
same until another COMPARE FIELD A or COM.
PARE FIELD R instruction is executed.

4. I the sign digit of the instruction is odd, automatic
B register address modification occurs,

Examples:
Contents of A Register: 0 0010 00 0001
Contents of Location 1000: 0 0010 00 0010
No. Instruction

1 0 0410 CFA 1000

Remarks

Comparison Indicator set to LOW, (Con-
tents of specified field of TA less than
contents of corresponding field of
location 1000.)

Continue in sequence.

Comparison Indicator set to EQUAL.
(Contents of specified field of rA
equal to contents of corresponding
field of location 1000.)

Trans{er control 10 location aaaa.

0 0000 BCE aaaa
2 0 4410 CFA 1000

0 0000 BCE asaa

BRANCH FIELD A (36)

If the sign digit is odd, automatic B register address
modification occurs.

=+ s L nn BFA aaaa

s designates the rightmost digit of the partial-word field.

L specifies the number of adjacent digits in the partial-
word field.

nn: digits used as a basis for comparison.

1. “Compare nn with successively higher-order pairs of
digits of the specified partial-word field in the A reg-
ister; begin the comparison with the rightmost pair
of digits of the specified partial-word field.
“Transfer control to location aaaa if the comparison
of digits in the A register to nn produces equality;
take the next instruction from location aaaa.” Con-
trol continues in sequence if any digit comparison
produces inequality.

2. The initial comparison concerns the digit in the

A register specified by s. Subscquent comparisons

concern digits to the left of s. The order of com-

parison is as follows:

a. The low-order digit of nn is compared with the

low-order digit of the partial-word field.

b. The high-order digit of nn is compared with the

next higher-order digit of the pantial-word field.

c. The low-order digit of nn is compared with the

next higher-order digit of the partial-word field. and

so forth,

1f s and L both equal 0, nn will be compared with

the five adjacent pairs of digits of the A register;

the sign digit will not be included in the comparison.

o
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4. 1 L specifies a one-digit field, the digit specified
will be compared with the low-order digit of nn.

3. 10 sk specifies an odd field length, the odd digit—
the high-order digit—of the field specified will be
compared with the low-order digit of nn.

Examples:

Contents of

Instruction A Register Remarks
0 0000 BFA asaa 1 0000 00 0000 Transler control to location
aaaa.
0 0000 BEA aaaa 1 0000 00 1000  Continue in sequence,
0 049 BFA asaa 0 0000 00 9999  Transfer control to location
aasaa.
0 1210 BFA aaaa 1 0000 00 0000

Transfer control to location
aaaa,

BRANCH FIELD R (37)

+ s L nn BFR aaaa

11 the sign digit is odd, automatic B register address modi-
fication occurs.

s designates the rightmost digit of the partial-word field.

L specifies the number of adjacent digits in the partial-
word field.

nn: digits used as a basis for comparison.

1. “Compare nn with successively higher-order pairs of
digits of the specified partial-word field in the R reg-
ister; begin the comparison with the rightmost pair
of digits of the specified partial-word field.
“Transfer control to location aaaa if the alternate
comparison of digits in the R register to nn pro-
duces equality; take the next instruction from loca-
tion aana.” Control continues in sequence if any
digit comparison produces inequality.

2. The initial comparison concerns the digit in the
R register specified by s. Subsequent comparisons
concern digits to the left of s. The order of com-
parison 1s as follows:

a. The low-order digit of nn is compared with the
low-order digit of the partial-word field.

b. The high-order digit of nn is compared with the
next higher-order digit of the partial-word field.

c. The low-order digit of nn is compared with the
next higher-order digit of the partial-word field, and
so forth,

3. If s and L. both equal 0, nn will be compared with
the five adjacent pairs of digits of the R register;

the sign digit will not be included in the comparison.

4. 1f sL specifies a one-digit ficld, the digit specified
will be compared with the low-order digit of nn.

5. If sL specifies an odd field length, the odd digit—
the high-order digit—of the field specified will be
compared with the low-order digit of nn.

Examples:

Conteats of
Instruction R Register

Remarks
0 0400 BFR aaaa

0 1234 56 1000 Continue in sequence.

6-6

Contents of

Instruction R Register Remarks
0 6264 BFR asaa 0 0000 64 2050 Transler control 1o location
aada.
0 3301 DFR aaza 0 1010 47 1051 Transfer control to location
aaaa.

BRANCH SICN A (3D
1

4 000n BSA anaa

“Compare the sign digit of the word in the A tegis.
ter with n. Transfer control to location aaaa if the
comparison produces equality; take the next in.
struction from location aaaa.”

If the ac:__E._.._mc_..
produces inequality, control continues in sequence,

2. 1f the sign digit of the instruction is odd, automatic
B register address modification occurs.

Examples:
Contents of
Instruction A Register Remarks
0 0001 BSA aaaa 1 1234 56 78%0 Transfer control 1o location

aaaa.
1 1234 56 7890 Continue in sequence,

SAMPLE PROBLEMS

1. Compare the automobile part description found in
location 2000 and the six high-order digit pesitions
of location 2001 with the corresponding digit posi-
tions of the words in locations 3000 and 3001. 1f
any digits compared are uncqual, halt the operation;
if all are equal, transfer program control to a routine

beginning in location 1000. Start the program in
location 3050.

0 0000 BSA aaaa

Location Instruction
3050 0 0000 CAD 2000
3051 0 0000 CFA 3000
3052 0 0001 BCU 3057
3053 0 0000 CAD 2001
3054 0 6610 CFA 3001
3055 0 0001 BCU 3057
3056 0 0000 BUN 1000
3057

0 0000 HLT 0000

2. Compare the two numbers in locations 1000 and
1050.
1f 1000 is greater than 1050, transfer control to
3000.

Tf 1000 is less than 1050, transfer control to 3050.
If 1000 is equal to 1050, and they are equal to
zero, transfer control to 3060.
If 1000 is equal to 1050, and they are not cqual
to zero, transfer control to 3010.
Start the program in location 2000.

Location Instruction
2000 0 0000 CAD 1000
2001 0 0000 CFA 1050
2002 0 0000 BCH 3000
2003 0 0001 BCL 3050
2004 0 0000 BFA 3060
2005 0 0000 BUN 3010

Automatic Repetition of Program Segments

LOOPING

Suppose the coder wants to sum 12 numbers stored in 12
consecutive storage locations. One way to do this would
be to bring the first number into the A register and follow
this with 11 ADD instructions—one for each of the re-
maining numbers to be added. For example, assuming
that the 12 numbers to be added are stored in locations
1000 through 1011, the program would appear as follows:

2050 0 0000 CAD 1000
2051 0 0000 ADD 1001 )
2052 0 0000 ADD 1002
2053 0 0000 ADD 1003
2051 0 0000 ADD 1004
2055 0 0000 ADD 1003
2056 0 0000 ADD 1006
2057 0 0000 ADD 1007
2058 0 0000 ADD 1008
2059 0 0000 ADD 1009
2060 0 0000 ADD 1010
2061 0 0000 ADD 1011 J
2062 0 0000 HLT 0000

First number=»rA.

Sum remaining numbers.

Halt operation.

The reader will notice that the 11 ADD instructions differ
in one respect only: the low-order digit of each address
increases by one. Therefore, by using the first ADD in-

struction 11 times, and increasing the address by one each
time, the same result may be obtained.

This way of summing the 12 numbers is called looping.
A loop is a segment of a program which is repeated sev-
eral times: often the address portions of some of the
instructions are altered between repetitions. Using a loop
for the example above, we would bring the first of the
12 numbers into the A register and follow this by a single
ADD instruction, the address of which is increased by one
before each repetition. For example:

2050 0 0000 CAD 1000
2051 0 0000 ADD 1001
2052 0 0000 STA 1000
2053 0 0000 CAD 2051
2054 0 0000 ADD 2057
2055 0 0000 STA 2051
2056 0 0000 BUN 2050
2057 0 0000 00 0001

Add 12 numbers.

Increase address by 1.

Return for next iteration.

Constant for incrensing
address.

ADDRESS MODIFICATION

Alteration of the address part of an instruction is called
address modificatio

n. The address part of on instruction
is altered so that the instruction will reference a different
location in storage cach time it is executed. This is pos-
sible because a stored-program computer can perform
arithmetic operations on instructions as well as data.

As explained in Chapter 3, data and instructions are
stored in the same way. Instructions are recognized as
instructions only when selected and interpreted as such by
the control unit. A word interpreted as an instruction at
one point in a program may be processed by other in-
structions—just as if it were a data word—at another
point in the same program. Thus the computer can be
coded to alter its own instructions.

LOOP TESTING

The example of adding 12 numbers using address modi-
fication within a loop makes it apparent that some way
must be devised to tell the machine when to stop. The
program as outlined would not stop after the contents of
the specified 12 locations had been summed; the com-
puter would continue to sum the contents of all the re-
maining locations in core storage.

Therefore, an exit must be provided for every loop. A
record must be kept of the number of times the loop has
been executed, so that the loop can be terminated after
the last desired iteration. This can be done in any of
several ways.

INCREASING A TALLY

Add 1 to the contents of a location reserved for tallying
each time the loop is executed; compare the tally each
time through the loop to a constant that is equal to the
desired number of iterations. When the comparison is
cqual, a branch instruction transfers control from the
loop. For example, suppose a coder wishes a particular
loop to be repeated 20 times. Following is a sample loop
tally and exit routine:

1000 0 0000 CAD 2050
1001

5w Main part of loop.

)
—
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1011 0 0000 CAD 1018
1012 0 0000 ADD 1020
1013 0 0000 STA 1018
1014 0 0000 CFA 1019
1015 0 0000 BCE 1017
1016 0 0000 BUN 1000
1017 0 0000 HLT 0000 Halt operation.
1016 0 0000 00 0000  Tally.

1019 0 0000 00 0020
1020 0 0000 00 0001

Increase tally.

Test for last iteration.
Exit after last iteration.

Return for next iteration.

Constant.
Constant,

DECREASING A TALLY

Subtract 1 each time through the loop from a tally that is
initially equal to the desired number of iterations; test
for zero condition. When the tally equals zero, the itera.
tions are completed and a branch instruction transfers
control from the loop. For example, suppose a coder
wishes to repeat a loop 20 times. Following is another
sample loop tally and exit routine.

1000 0 0000 CAD momcg
1001

‘e > Main part of loop.

1010

1011 0 0000 CAD 1017
1012 0 0000 SUB 1018
1013 0 0000 STA 1017
1014+ 0 0000 BFA 1016
1015 0 0000 BUN 1000
1016 0 0000 HLT 0000 Halt operation.
1017 0 0000 00 0020 Tally.

1018 0 0000 00 0001 Constant.

Decrease tally.

Exit after last iteration.

Return for next iteration.

INCREASING A TALLY TO CAUSE OVERFLOW

Each time through a loop, add 1 to a word reserved for
tallving. The word is chosen so that overflow accurs on
the last iteration. The exit instruction, BRANCH ON
OVERFLOW, immediately follows the instruction which
performs the tallying, For example, suppose a coder
wishes a loop to be repeated 20 times. Following is a
third sample loop tally and exit routine.

1000 0 0000 CAD 2050
1001

Main part of loop.

1011 0 0000 CAD 1017
1012 0 0000 ADL 1010
1013 0 0000 BOF 1015
1014 0 0000 BUN 1000
1015 0 0000 HLT 0000
1016 0 8000 00 0000 Tally.

1017 0 0l00 00 0000 Constant,

The INCREASE FIELD LOCATION instruction is very
useful for this method of loop tallying and exiting,
DECREASING A TALLY TO CAUSE

FIELD UNDERFLOW

A fourth method of tallying and loop exiting will be dis.
cussed with the DECREASE FIELD LOCATION instrue-

tion in the next section of this chapter,

TIME FOR LOOPING

It should be noted that although the use of a loop de-
creases the number of steps in a code, and therefore the
number of storage locations required, it also increases
the exccution time of the code. The time is increased
because the computer must execute one or several extra
instructions (the loop tally and exit instructions) each
time through a loop. On the other hand, if the instructions
of the loop were coded in straight sequence, as our 11
ADD instructions at the beginning of this chapter, there
would be no need for the extra loop tally and exit in-
structions.

INCREASING AND DECREASING

FIELD CONTENTS

INCREASE FIELD LOCATION (26)

-+ sLnn IFL aaaa

If the sign digit is odd, automatic B register address mod-
ification occurs.

s desiznates the rightmost digit of the partial-word field.

Increase tally.

Exit after last iteration.
Return for next iteration.
Halt operation.

L specifies the number of adjacent digits in the partial-
word field.

nn: digits used to increase the specified field.

“Increase the specified partial-word field of location
aaaa by nn. If overflow occurs, that is, if the result
exceeds the capacity of the specified partial-word
field, the overflow indicator is turned on.”

If the sign-digit position of the word in location aaaa
is included in the specified partial-word field, it n_cmm
not have sign significance; instead. it has numeric
significance, and is treated in the same manner as
the other ten digits of the word.

2

Examples:

Contents of Contents of
Location aaaa Location aaaa
Before Execution After Execution
of Instruction of Instruction
00202 IFL assa 0 0000 00 0012 0 0000 00 0014 OFF
0 6314 IFL aasa 0 2073 43 9216 0 2973 57 9216 OFF
0 6220 IFL azaa 0 0002 90 2400 0 0002 10 2400 ON

Overflow

Instruction Indicator

Sy P

In tallying a loop, it is sometimes useful to set up a tally
that can be counted down. To do this, the coder must use
a tally equal to the number of :._,.e:—._::w wanted. This
tally can be counted down 1 cach time through the loop,
leading to an automatic exit from the loop when the count
pleted. With this method, the coder can c_,.‘i, the
any time and sce exactly how many iterations re-

is com
tally at
main to be performed.

The following instruction is very useful in this :.:.::i of
tallying for a loop exit. as well as in other cc..“:_:csm such
as modifying instruction and/or data words in storage.

DECREASE FIELD LOCATION (27)
-+ slnn DFL aaaa
1£ the sign digit is odd, automatic B register address mod-
ification occurs.
s designates the rightmost digit of the partial-word field
of location aaaa.
L. specifies the number of adjacent digits in the partial-
word field.
nn: digits used to deereased specified field.

1. “Decrease the specified partial-word field of the

word in location aaaa by nn.” For cxample:

Contents of Contents of
Location aaaa Location aaaa
Before Execution  After Execution

Instruction of Instruction of Instruction
0 0202 DFIL. aaaa 0 0000 00 0012 0 00CO 00 0010
0 6240 DFL azaa 0 2093 40 0912 0 2093 00 0912
0 0001 DFL aaaa 0 4000 00 0001 O 4000 00 0000

2. If a field of the word in location aaaa is decreased
through zero, the tens complement of the true alge-
braic result is obtained. For example:

Contents of Contents of
Location aaaa Location agaa
Before Execution  After Execution

Instruction of Instruction of Instruction

A. 0 4105 DFL aana 0 0000 10 6002 0 9995 10 6002
B. © 6212 DFL gaaa 0 0000 10 6002 0 0000 98 6002
C. 01203 DFL aasa 01013 04 6002 9 8013 04 6002

In example A, the algebraic result of subtracting 5 from
0000 would be —5; in example B, the algebraic result of
E._r:...a:s.r. 12 from 10 would be =2. However, a special
Kind of arithmetic is used with the DECREASE FIELD
_..O.nxz__j_cz instruction—one without algebraic sign sig-
nificance. Thus the result in example A was 9995, the
tens complement of 5, and the result in example B was
98, the tens complement of 2.

In ez..,::_v_a C. the sign digit of the word in location aaaa
was included in the partial-word field which was de-

ereased through zero. With the DECREASE FIELD LO-
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CATION instruction the sign digit does not have algebraic
significance; instead it has numeric significance. For ex-
ample, the digit 1 in the sign-digit position of a word
would be treated as the number 1, not as speeifving a
negative quantity. Thus the result of subtracting 03 from
01 in example C was 98, the tens complement of 2,

3. Decreasing a specified field through zero creates a
condition in the Burroughs 220 called field under-
flow!,

A4, I field underflow occurs, the repeal indicator® is
turned off. I field underflow does not occur, the
repeat indicator is turned on.

Examples:
Contents of Contents of
Location aaea  Location aaaa
Hefore Fxecution After Execution Repeat
Instruction of Instruction  of Instruction Indicator

0 0202 DFL aaaa 0 0000 00 0002 0 0000 00 0000 ON
0 0201 DFL aaaa 0 0000 00 0000 0 0000 00 0099 OFF
0 4101 DFL aaaa 0 1234 56 7890 0 1233 56 7890 ON
0 6214 DFL aasa 0 2973 43 9216 0 2973 29 9216 ON
0 6220 DFL aasa 0 0002 10 2400 0 0002 90 2400 OFF
0 1232 DFL naaa 0 5236 47 8388 7 3236 47 8888 OFF

BRANCH., REPEAT (32) == 0000 BRP anaa

1. “Transfer control to location aaaa if the repeat indi-
cator is on; take the next instruction from location
aaaa.” If the repeat indicator is off, control con-
tinues in sequence.

2. The setting of the repeat indicator is not disturbed
by the execution of a BRANCH, REPEAT instruc-
tion. If it is on, it stays on until a field underflow
condition oceurs. If it is off, it remains off until it
is turned on by a DECREASE FIELD LOCATION
or a DECREASE FIELD LOCATION, LOAD B
instruction.

3. If the sign digit is odd, automatic B register address
modification occurs.

Returning to the example given at the heginning of this
chapter, the following is a sample loop tally and exit
routine using the DECREASE FIELD LOCATION and
BRANCH, REPEAT instructions. Assume that the 12
numbers are stored in locations 1000 through 1011, and
that the program begins in location 2050.

2050 0 0000 CAD 1000
2051 0 0000 ADD 1001
2052 0 0000 STA 1000
2053 0 0000 CAD 2058
2051 0 0000 ADL 2051
2055 0 2201 DFL 2056  Tally.

Sum 12 numbers.

Modify address.

w is not 1o be confused with the exponent underflow discussed in Chapter 10 (floating point).
icator is an electronic device which can be interrogated by a BRANCH REPEAT instruction to determine whether an

1 i i '
teration will b repeated, Tt is turned on or off by either of 1wo instructions:

DECREASE FIELD LOCATION
DECREASE FIELD LOCATION, LOAD B
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2056 0 1000 BRP 2050
2057 0 0000 HLT 0000
2058 0 0000 00 0001

Test for exit.

Halt operation.

Constant.

PRESETTING

After all or part of a program has been executed by the
computer, various instruction or data words in storage
have been modified. For example, tally locations may
have heen referenced by the program, in which case they
will contain a portion of, or a completed, tally.

At this point, it may be found necessary to trace a part
of the executed program to locate a coding error, check
specific program operations, verify subtotals, ete. To do
this, it is first necessary 1o restore each of the modified
instruction or data words to its original status.

This may be accomplished by appending a list of instruc-
tion and data words to the program to restore the pro-
gram, thus avoiding the inconvenience of reloading it.
The data words are the original contents of the locations
which will later contain modificd contents. The instruc-
tions provide for replacing the modified words with the
original ones. For example: Assume that the instructions
in locations 1000 and 1010 of the program have been
modified during the initial running of the program, and
location 1035 has been used for a tally. The program
could be written as follows:

Location Instruction Remarks

0900 0 0000 CAD 0907
0901 0 0000 STA 1000
0902 0 0000 CAD 0908
0903 0 0000 STA 1010
0904 0 0000 CAD 0909
0905 0 0000 STA 1035
0906 0 0000 BUN 1000
0907 0 9930 10 3000
0908 0 0000 13 2060
0909 0 0000 00 0000

Entry point.

Prestore instructions.

To main program.

Prestored words,

Locations 0910 through
0999 not used.

1000 0 9950 CAD 3000  Start main program.
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Whenever it is necessary to repeat the section of the pro.
gram beginning with location 1000, control is trans.
ferred to location 0900. This restores the contents of
locations 1000, 1010, and 1035 before the section of the
program beginning with location 1000 is carried out,
Location 0900 serves as an entry point to the presetting
portion of the program. Many coders place these entry
or “restart” points at several locations within their pro-
grams. When a specific portion of the program must be
re-executed, program control can be transferred to the
restart point of that particular segment from any place in
the program.

SAMPLE PROBLEM
Sum the 20 numbers stored in locations 0130 through
01:49. Store the result in location 0150. Start the program
in location 0010. The solution is shown in Table 7-1.
Table 7-1
Solutlon to Sample Problem

Location Instruction Remarks

First Method

0010 | 0 0001 CLA 0000 | Clear A register.

0011 | 0 8000 ADD 0130 | Sum numbers,

0012 | 0 0101 IFL 0011 | Modify address.

0013 | 0 2201 IFL 0011 | Tally for loop exit.
0014 | 0 0000 BOF 0016 | Loop exit on overflow.
0015 | 0 0000 BUN 0011 | Return for next iteration.
0016 0 0000 STA 0150 | Store sum.

0017 | 0 0000 HLT 0000 | Halt operation.

Second Method

0010 [ 0 0001 CLA 0000 | Clear A register.

0011 0 1900 ADD 0149 | Sum numbers.

0012 0 0101 DFL 0011 | Modify address.

0013 | 0 2201 DFL 0011 | Tally for loop exit.
0014 0 0000 BRP 0011 | Return for next iteration,
if no field underflow.
0015 | 0 0000 STA 0150 | If field underflow, store
sum.

0016 | 0 0000 HLT 0000 | Halt operation.

FUNCTION

The Burroughs 220 provides a means for automatic ad-
dress modification—the B register. The basic function of
the B register is to allow the automaltic modification of
instructions without actually changing their form in core
storage. This is done by adding the contents of the B reg-
ister to the address of an instruction, during the fetch
phase, as the copy of the instruction is transferred to the
C register. This is simpler and faster than modifying
instructions in the A register or in storage; the program
is speeded up and the number of programming steps
reduced.

Because of its accessibility, the B register is also very
valuable in operations involving tallying or counting, and
in operations where it is necessary to store an address
for later referencing in the program.

GENERAL DESCRIPTION

The B register is a four-digit-position register with no
sign-digit position. Its primary purpose is to provide for
automatic address modification.

As each instruction is received in the 1B register from
core storage, it is checked to determine if B register ad-
dress modification is to take place. The sign-digit position
of the instruction is the key in this determination. If the
sign digit of the instruction is odd (1 is generally used),
the address part of the instruction is increased by the
contents of the B register, as it passes through the adder'
from the IB register to the C register. The instruction in
the O register, as modified by the contents of the B regis-
ter, is then executed. (See Fig. 81, examples 1 and 2.)

If a carry-one condition occurs when the address part of
m__n Instruction is-increased by the contents of the B reg-
ister, the 1 is ignored.Thus the operation code of the

..:.w.n:r.:a: cannot-be altered by this occurrence. (See
Fig. 8.1, example 3.)

If the sign digit of the instruction in the 1B register is
even, B register address modification will not occur. It
_” Important to note that instructions with odd digits in
the sign position remain unaltered in storage: they are
only temporarily modified by the B register immediately
before nxn.n:_.m::. Thus the same instruction may be exe-
.M.E._E many times in a program, being temporarily modi-
ted each time Ly a different number in the B register.
_—

i
n._,“_m adder is an elecironic dev
| ! i’
der and shified serially into the specified register.

Using the B Register

Simultancously with the transfer of the modified instruc-
tion to the C register, the original instruction is trans-
ferred to the D register. The word in the D register—an
exact copy of the instruction as it appears in storage—is
used for checking purposes,

CODING WITH THE B REGISTER

The B register must be set to a specific value before its
use is required by the program. The Burroughs 220 pro-
vides loading instructions to set the B register to the
value of specified digits of a word in memory.

The coder may increase or decrease a number in the
B register—a number which has just been loaded or a
number from a previous setting—Dby a specified amount.
This ability to count the B register up or down is pro-
vided by two instructions: INCREASE B, BRANCH and
DECREASE B, BRANCH. Each of these instructions is
actually two instructions in one. They increase or de-
crease the contents of the B register and they also act as
transfer-control instructions. If overflow does not occur
as the result of an INCREASE B. BRANCH instruction
or field underflow does not occur as a result of a DE-
CREASE B. BRANCH instruction, program control is
transferred to the location specified by the address por-
tion of the instruction. If, however, either overflow or
field underflow occurs. program control continues in
mvﬁnm_hnuﬂ.ﬁﬁ-.

TALLYING

The coder often finds it necessary to keep a tally: for
example, in loop testing and exiting as described in
Chapter 6. He may load the B register with any four
digits, then increase or decrease the contents of the regis-
ter in specified increments each time through the loop.
The program will automatically branch back to the begin.
ning of the loop cach time it passes the INCREASE B.
BRANCH or DECREASE B. BRANCH instruction until

an overflow or field underflow condition occurs,

When cither condition occurs. the program will resume
sequential operation and therefore will exit from the loop.

ADDRESS MODIFICATION

The address portion of an instruction may be modified by
the contents of the B register as the instruction is fetched
from core storage and brought to the C register for
execution.

ice that can form the sum of two decimal digits, Thus, the digits of & sum are formed one at a time in the
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Example 1

B Register Address Modification
STORAGE

RTININ117)

?Tooo__c_;ao"

Information Buffer
Register

.

B Register

Example 2

No B Register Address Modification
STORAGE

b

I

Adde

*1]0000f10]100,

D Register B

_llvgooo__o__uﬂ

CRegister

[oJoooa]10]1000}

Information Buffer
Register

B Register
Example 3

B Register Address Modification
With A “Carry One” Condition

STORAGE

|

1 [ooooho]vess)

»[0] 0000]10]1000)

ncoc_do—.-ocoh
C Register

Information Buffer
Register

B Register

Adder

—[1Joo0o]10]s655]

D Register

0000(10[0010

C Register

Figure 8-1. Examples of B Register Address Modification
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There is often a need to modify several instructions in o
loop cach time the loop is executed. Since the B register
can be counted up or down, tallying a loop may take place
while the addresses of instructions within the loop are
altered by the addition of the contents of the B register.

Thus a different B register setting modifies the instruc-
tions cach time through the loop until an exit condition
(as the result of overflow or field underflow) takes place.

B REGISTER INSTRUCTIONS
LOAD B (42) == 0000 LDB aaaa

1. “Replace the contents of the B :ummu.:,_. by the four
low-order digits of the word in location aaaa.”

2. The four low-order digits of the word in location
anaa are usually stored as a constant to be used
specifically for the B register. However, if the ad-
dress portion of an instruction is not used for ad-
dressing purposes, it may be utilized (e.g., ROUND,
HALT, CLEAR A, etc.).

3. If the sign digit is odd, automatic B register address
modification occurs.

Examples:
Contents of B register before execution of LDB: 5555

Contents of Contents of B Register
Location aaaa Instruction After Execution of LDB
0 0000 00 0250 0 0000 LDB aaaa 0250
0 0086 43 6000 0 0000 LDB aaaa 6000
1 4323 03 3002 0 0000 L.LDB anaa 3002

LOAD B COMPLEMENT (42) = 0001 LBC aaaa

1. “Replace the contents of the B register by the tens
complement of the number that is stored in the four
low-order digit positions of the word in location
aaaa.”

2. To obtain the tens complement of a number for use
in the B register, four digits are subtracted from
10,000. The execution of this instruction causes the
four low-order digits of the word in location aana to
be automatically subtracted from 10,000 For example:

Comtentsof  Complementp Reghutr At
Location ggaa Operation Execution of LBC
0 0000 00 2310 10,000 — 2310 = 76%0

0 0000 16 0004 10,000 — 0004 = 9996

0 9510 10 0000 10,000 = 0000 = 0000

0 0000 00 9982 10,000 — 9982 = 0018

0 0000 00 0150 10,000 - 0150 = 9850

3. The four low-order digits of the word in location
faaa are usually stored as a constant to be used
specifically for the loading of the B register. How-
ever, if the address portion of an instruction is not
used for addressing purposes, it may be utilized.

418 :_.n ..inq.d digit is odd, automatic B register address
modification occurs.

Sometimes the coder may w

; ish to use the B register to
count up instead of dow i

n. This may be necessary to ref-

Using the B Register

erence locations in ascending order. Loading the B regis-
ter with the number of iterations 10 be made and increas-
ing B each time through the loop may not suffice because
after the last iteration has been completed, the contents
of B may not reach 9999 o produce an overflow condi-
tion when increased once more, Therefore the transfer of
control would not occur. It is in such cases that the LOAD
B COMPLEMENT instruction is useful,

Take, for example, a program in which it is necessary to
add a specified quantity to each of the 51 numbers stored
in locations 0500 through 0553, in that order. The B reg-
ister may be used 10 tally for a loop exit. The coder can
load the B register with the tens complement of 54 (the
number of locations affected). or 9916. He will then write
his first CLEAR ADD instruction with an address of
0551, representing the address of the first location plus
the number of locations. This instruction would have a 1
in the sign-digit position so that its address portion would

be B meodified.

The first time through the loep, the contents of the B reg-
ister are added to the address portion of the instruction,
producing a five-digit number (0551 + 9946 = 10500).
The leftmost 1 is deleted by the computer so that the
instruction brought to the C register is CLEAR ADD
0500.

After the execution of the CLEAR ADD instruction, the
B register is increased by 1 by an INCREASE B,
BRANCH instruction. Thus, the second time through the
loop, the modified instruction will be CLEAR ADD 0501
(0554 + 9947 = 10501). The contents of the next-to-
last location {0553) will be brought to the A register
when the B register contains 9999 (0354 + 9999 =
10553). The last INCREASE B, BRANCH instruction,
when the register contains 9999, will take the register to
zero causing an overflow in the B register and therefore
an exit from the loop.

DECREASE B, BRANCH (21) = nnnn DBB aaaa

1. “Decrease the contents of the B register by nnnn.
If field underflow does not occur, transfer control
to location aaaa; take the next instruction {rom
aaaa.” If field underflow occurs, control continues
in sequence.

2. 1f the sign digit is odd, automatic B register address
modification occurs,

3. For examples of instruction, refer to Table 8-1.

INCREASE B, BRANCH (20) == nnon IBB aaaa

1. “Increase the contents of the B register by noon. If
overflow does not occur, transfer control to location
aaaa; take the next instruction from aaaa.” If over-
flow occurs, contral continues in sequence.

2. Overflow in the B register does NOT turn on the
overflow indicator.

3. If the sign digit is odd, automatic B register address
modification occurs,

4. Refer 1o Table 8-1 for examples of instruction.
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D Register

[[Tv10sfosfoooo

Adder

C Register

B Register

{1108l03[3050

Figure 8-2. B Register Address Modification of Control Word

FLOATING IN A PROGRAM

A coder often wants to make use of standard, existing
routines to perform auxiliary functions. For example,
after running his main program on the computer, he may
need a routine to simplify checking for program errors or
to print or punch specified sections of the program and/or
data generated by it. Or he may want to use routines with
his program for evaluating standard mathematical func-
tions, such as square root or logarithms.

Since these routines are used only occasionally and with
programs of different sizes, it is desirable to be able to
read such a routine into any core storage locations not
being used by the main program. For example, if 1000
words of storage were available and locations 0000
through 2099 were used for the main program and con-
stants, the coder would have locations 3000 through 3999
available for storing and executing any auxiliary routine.
A routine designed to use any set of the available locations
is one that can be “floated in.” Such a program always
makes use of “relative addressing.”

Relative addressing cansists of writing a routine on the
assumption that it may be stored in any group of storage
locations; the specific locations are assigned by means of
B register address modification as the routine is loaded.
Because specific storage locations will be assigned on in.
put. the coder can use any consecutive locations when he
writes the routine, However, for ease of referencing and
for uniformity. the coder will usually begin a relatively
coded routine as though it would start in location 0000,

The assignment of specific locations is made by use of
the B register for address modification on input. The use
of a 1 in the sign-dizit position of a word to cause B reg.
ister address modification during the fetch phase. just
prior to execution of the instruction, has been described.
For B register address modification of an instruction dur-
ing input. other digits® are used in the sign.digit position.
These digits fall into two categories:

L. A sign digit which specifies B register address modi-
fication of a control word in which this digit appears.
e —————

7 .
Although paper-tape instructions are used

2, A sign digit in an instruction which specifies B r
ter address modification of the instruction as it js
loaded.

FIRST CATEGORY

This digit which calls for B register address modification
of the word in which it appears performs the dual function
of notifying the computer to send the control word 1o the
C register for execution, first adding the contents of the
B register to the address portion. For the purpose of
floating in a program. the control words of interest are
the input instructions punched in paper tape or cards.
For example: A 7 in the sign-digit position of a PAPER
TAPE READ instruction notifies the computer to add the
contents of the B register to the address portion of the
instruction and send it to the C register: the words fol-
lowing the instruction on paper tape are loaded into core
storage beginning with the location specified by the modi-

fied address, See Fig. 8-2.

The ten-word routine (indicated by digit positions 2 and
3 in the D and C registers) would be loaded into locations
3050 through 3059. The 8 in the variation digit position
of the instruction notifies the computer that designated
input is to be B register address modified as it is read
into storage.

SECOND CATEGORY

In this case. the digits notify the computer to add the
contents of the B register to the address portion of the
instruction as it passes from the D register through the
adder on its way to storage. These digits also tell the
computer whether this instruction should be stored :.:.r
a0 oral in the sign digit position. For example: _.m
previously specified by an 8 or a 9 in the variation-digit
position of the PAPER TAPE READ instruction. an &
or a 9 in the sign-digit position of a word being loaded
from paper tape notifies the computer that the um._.:..»m
portion of the word is to be B modified as it goes into
storage. If an 8 is used, it is changed to a 0 before the

; : i i i i - . instrue-
tions, as examples in the discussion following, the digits described are the same for Cardatron instft
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Adder

B Register

D Register

Eoooo_;_oooc—J

Adder

Using the B Reglster

IB Register

iacoc__o_uc:\—

STORAGE

IB Register
___coco_;_wo:_

B Register

STORAGE

Figure 8-3. B Register Address Modification of Instruction

word is stored; if a 9 is used, it is changed to a 1 before
the word is stored (Fig, 8-3).

SAMPLE PROBLEMS

Assume that the coder wants to use the first method
w.ros__ in Table 8-3 as an auxiliary routine; he would
like to read it into core storage beginning in location
1010. He would first set the B register to 1000, The pro-
gram would appear on paper tape as follows:

7 1069 PRD 0010
0 0003 CAR 0020
8 0001 LBC 0010
1 0000 ADD 0150
8 0001 IBB 0012
0 0000 STA 0150
0 0000 HLT 0000
The program in storage would appear as follows:
1010 0 0003 CAR 0020
1011 © 0001 LBC 1010
1012 1 0000 ADD 0150
1013 0 0001 IBB 1012
1014 0 0000 STA 0150
1015 0 0000 HLT 0000

Table 8-3. Sample Use of

Overflow and Underflow
Clear the A and R registers. Sum the 20 numbers stored
in locations 0130 through 0149. Store the result in loca-
tion 0150. Start the program in location 0010.

Instruction — Remarks
First Method

0010 0 0003 CAR 0020 | Clear A and R registers.

0011 0 0000 LBC 0010 | 9980 — rb.

0012 1 0000 ADD 0150 | Sum the 20 numbers.

0013 0 0001 1BB 0012 | If no overflow in B register
return for next iteration.

0014 0 0000 STA 0150 | If overflow, store sum.

0015 0 0000 HLT 0000 | Halt operation.

Second Method

0010 0 0003 CAR 0019 | Clear A and R registers.
0011 0 0000 LDB 0010 | 0019 — rb.

0012 1 0000 ADD 0130 | Sum the 20 numbers.

0013 0 0001 DBB 0012 | If no field underflow in B
register, return for next
iteration.

0014 0 0000 STA 0150 | I field underflow, store
sum.

0015 0 0000 HLT 0000 | Halt operation.




TRANSFERRING INFORMATION WITHIN
CORE STORAGE

The transfer of information between core storage and
input-outpul media was discussed in Chapter 3. Now let
us consider the transfer of information from one part of

storage to another part of storag

f a spe
age locations. The information is transferred to the same
number of consecutive core storage locations at another
place in storage. Storage-to-storage transfers are useful
in any type of multiple-word record or data rearrange-

ments.

With the CLEAR ADD and STORE A instructions, a
single word can be brought into the A register, then
stored in a different location. The LOAD R and STORE
R instructions could also be used for this purpose. How-
o, u this method for storage-to-storage transfers of
large volumes of information would be a slow and tedious
proces

This method could be simplified by using address modi-
fication within a loop. but it would be even slower. For
example, by means of an address-modified CLEAR ADD
instruction followed by an address-modified STORE A
instruetion, the contents of consecutive storage locations
can be brought into the A register one by one and stored
in turn in consecutive locations elsewhere in storage.

The address portions of the CLEAR ADD and STORE A
nstructions may be modified either by an arithmetic oper-
ation or _J. the B :.um,n-.._.. H__.m:._:::..u on the _vnﬂ—r.z_nw
Program or the preference of the coder. In ecither case,
the operation would he set up in a loop, thus requiring
some tallying and testing arrangement by which program
control would exit from the loop after the contents of the
specified number of locations had been relocated.

For examp|
through
B re

transfer the contents of locations 2000
2010 10 locations 2010 through 2030. Use the
ster for address modification, Start the program in

tocation 1000, Halt the operation after the transfer.
Location Instruction Remarks
1000 0 0000 LDB 1004 0010 —»rB.

1001 10000 CAD 2000  Contents of 2000.2010

are transferred to
2010-2050.

1002 1 0000 STA 2010

Further Coding Techniques

Location Instruction

1003 0 0001 DBB 1001

Remarks

Repeat loop until over-
flow occurs,
1001 0 0000 HLT 0010 Halt operation.

The Burroughs 220 provides a much more convenient
means—a special instruction—for large and rapid stor-
age-to-storage transfers. By using this single instruction,
RECORD TRANSEFER, the contents of up to 100 consecu-
tive storage locations can be relocated, The words are
transferred one at a time from the initial locations to the
specified new locations. Since RECORD TRANSFER re-
quires that the address of the first location to which the
information is to be transferred be specified in the B reg-
ister, RECORD TRANSFER must be preceded by an in-
struction for loading the B register, unless it had been
previously set to the desired value,

For example: transfer the contents of locations 2000
through 2010 to locations 2010 through 2050. Use the
RECORD TRANSFER instruction. Start the program in
location 1000. Halt the operation after the transfer.

Remarks
2010—>1B.
Transfer information.
Halt operation.

Instruction

1000 0 0000 LDB 1002
1001 0 0110 RTF 2000
1002 0 0000 HLT 2010

Location

This program does the following:

¢ 2000 —= 2010
2001 —» 2011
2002—» 2012
2003—> 2013
2001 =—> 2011
2005—» 2015
2006 —> 2016
2007 = 2017
2008— 2018
2009 —» 2019
2010—> 2050

Contents of J

RECORD TRANSFER (29} = 0 nn 0 RTF aaaa

If the sign digit is odd. automatic B register address
modification oceurs.

0. not relevant to the execution of this instruction.

nn: number of words to be relocated.

0, not relevant to the execution of this instruction.
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“Relocate the contents of nn consecutive storage

—

. : "
locations, beginning with location aaaa.

2. The .?.:.:2_ words are transferred one at a time to
. the nn consecutive storage locations beginning with

the location whose address is in the B register.
3. If nn = 00, 100 consecutive words will be trans-
h ferred; if nn = 01, one word will be transferred.

After the execution of a RECORD TRANSFER in-

struction:

a. The B register will contain the address of the
Jast location filled plus 1, that is, the address of the
next location to be filled.

b. The address part of the instruction in the C regis-
ter will be equal to the address of the last location
from which a word was transferred plus 1, that is,
the address of the next location from which a word
will be transferred.

SUBROUTINES

When writing a large program, the coder often finds that
a certain group or sequence of instructions must be re-
peated several times at different points in the program.
This group of instructions will perform a single well-
defined function. For example, there may be many points
in the program where a group of numbers must be sorted,
the square root of a number found, or a FICA tax deter-
mined. It is usually not practical to write the necessary
instructions in the main program every time the operation
is needed. Instead. the required sequence of instructions
may be written once—as a subprogram to the main pro-
gram. Then control may be transferred to the subpro-
gram. or subroutine, each time it is needed. The desired
standard sequence of operations is performed and control
returned to the main program.

Typical programs may use dozens of subroutines. In fact,
some subroutines are used so frequently that they have
wﬁ.: writlen as separate programs, i.e., coded indepen-

ently ?.c..: any specific main program. Such subroutines
can be filed in a reference library.

Since subroutines are generally not placed in the body of
the program. but are stored separately from the main
program and entered by a transfer-control instruction,
there must be an instruction |n the subroutine to transfer
control back to the main program. Such an exit instruc-
:..:ﬂ...c:. a subroutine must transfer to different _onm“:ci
M_.F A:_:....:.:_ _..,::,.,/.. Thus. the exit instruetion cannot be a
g__””,i_ﬂw_.“_wﬂ__m_ha_H: ﬁ.. subroutine: instead it must be
g ie circumstances of the exit,

This process of transferring
program and 3
king the

contral between the main

: =_.:_.E:_q is referred to as linkage, or
fubroutine to the program.

Most freque

:E::...n“ﬂ._m.. _._:::.:_. must be transferred from a sub-

normal E::]: the point in the program at which the
FTAM sequence was interrupted. The Tollowing

9.2

instruction is very useful in this type
" . e of
routine linkage: Program.g ).

STORE P (41) == 0000 STP agaa

1. “Replace the address portion of loc

ation 3 .
the contents of the P register, 22 by

increased by one.”
2. Normally, the P register contains the
location from which the next instr
taken (i.e., the contents of P
address of the i

address of the
t uction wil] be
: is 1 greater thap the
instruction being exccuted) For

example:

Location Instruction Contents of P Register
1000 0 0000 CAD 2000 1001
2025 0 0000 STA 0100 2026
4073 0 0000 SUB 0335 4074

3. When a STORE P instruction is executed, the con-
tents of the P register plus 1, or the address of the
loeation two addresses beyond that of the STORE P
instruction, is stored. The STORE P instruction
rarely stands by itself; it is usually followed by an
instruction that transfers control to a subroutine.
Because STORE P is followed _.w a transfer control
instruction, the re-entry point into the main program
is two addresses beyond the STORE P address. For

example:
Location Instruction Remarks
1000 0 0000 STP 0200 Location 0200 =

0000 00 1002.

1001 0 0000 BUN 3000 Transfer to sub-
routine begin-
ing in location
3000.

1002 0 0000 CAD 3500 Re-entry point
into main
routine.

4. Although the address stored is two nn_.:awmﬁ be-
yond the location of the STORE P instruction, the
contents of the P register remain 1 greater than the
address of the instruction being executed. For ex:

ample:
d by
Contents of Address Stored &
Location  Instruction P Register  Store P Instruction
1000 0 0000 STP 2000 1001 smw
2025 0 0000 STP 0100 2026 w._.m
4073 0 0000 STP 0335 4074 y

tore the contents
¢ word in the

A way to sct up a subroutine exit is to st

of the P register in the address portion of i ill have 8
first location of the subroutine. This location W1 ,.:E:
30 already stored in its fifth and sixth digit_post ister
(0 0000 30 00001. When the contents of the P :,m_. an
are thus stored, the contents of the location _...Zum_.d..:_:.
instruction (BUN) that transfers control to the Te

location of the main program.

Example:
Location

0500
0501
0502
0503

0504

Further Coding Techniques
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T

Instruction
0 0000 ADD 1000
0 0000 STA 1500
0 0000 STP 2000

0 0000 BUN 2001

0 0000 CAD 1001

0 0000 30 (0000)

0 0000 CAD 0550

0 0000

30 2000

Set progrom Switch
|| Commercialz  YYES switch if Perform @
not already computations.
set,
NO

Restore program
switch to original
setting unless
already set.

2 i Return to
xom_mn_*_m_.”:a_ S for next
] account.
Commercial
Billing

Figure 9-1. Utility Billing Flow Chart

PROGRAM SWITCHES

Remarks A program switch, as discussed in this chapter, is an
instruction within the program that can be altered by
Part of main program. the program to cause the computer to take one of several

5 X alternate courses of action.
Store P + 1 in first

location of sub-
routine.

Assume that as the result of a test within the computer,
a decision is made as to a future course of action. At
this time, the instruction being used for a switch would
be altered by the program so that when this instruction

Transfer control to

subroutine. is reached it will cause control to be transferred to the
Re-entry point into desired location. If in the course of the program this in-
main program. struction is altered. the program switch is said to be set.

Mai To illustrate this concept, take the following example.
Al PROBIAR: Consider the customer accounting problem of a public

Instruction for re-entry utility, where E._,_E.:_n must he identified as either resi.
o main program. dential or commereial, Both :__..... of u...,:.::._- are proc-
Becomes essed in the same manner, but different billing routines
0 0000 30 0501 are used once the initial _::.;.u,m:n. m.a, ..u.:____e_..a_ To
when STP instruc- determine the type of account, an identification code must

be used. This code ix a specific digit in the high-order
digit position of one word in the account record r
..f::___... a 1 may be used to designate a residential ac.
count and a 2 for a commercial account. When the
identification is made, a program switeh is set fan instrue-
Subroutine. tion oltered) so that when the computations for the
account have been completed, the proper billing routine is
carried out. The flow chart in Figure 9-1 and the follow-
ing coding illustrate this example.

tion executed,
First instruction of
subroutine.

Last step of subrou-
tine, Transfer con-
trol to re-entry This program was written assuming an account record is
instruction, stored beginning with location 2004,

9.3
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Remarks

Location Instruc
1000 0 0000 CAD 2000 Identification word

1001 0 1101 BFA 1000 3 trans-
fer control if the
high-order digit is a
1 tresidential).

1002 0 0000 CAD 1044 Program switch =»rA.

1003 00265 BFA 1009 Switch set transfer
control.

1000 0 6220 IFL 1041} Switch not set; set
switch.

1005 0 0000 BUN 1009  Transfer control.

1006 0 0000 CAD 104 Program switch =»rA.

1007 0 0235 BFA 1009 Switch at original set-
ting ; transfer control.

1008 0 6220 DFL 104} Switch not at original
setting; restore
switch,

1009 0 0000 CAD 2000

R S Perform computations.

1041 0 0000 BUN (1065)  Program switch.
1045 0 0000 MUL 2010

o #5 4 Billing routine for
U 4w commercial account.

1061 0 0000 BUN 108}  Transfer control to

address modification
routine.

94

Location Instruction Remarks
1065 0 0000 MUL 2050

T L E Billing routine for
&% &% # residential account,

1081 0 0000 CAD 1000 Address modification

routine to prepare
program for ey
i iteration.

N 1000 Transfer control 1

read in next account,
The NO OPERATION (NOP) instruction is —:.._E_:.:.
used as a program switch. The exccution of 1his instrue.
tion results in no action at all, as the o

eration code and
specified address are ignored by the campute

1091 0 0000 BL

T. ::,-_.«.E,
it becomes a program switch by alteration of the opera-
tion code and sometimes the address,

NO OPERATION (01) == 0000 NOP 0000

1. “Perform no operation.”

2. At the time the operation code is sensed in the exe.
cute phase, the execution of the instruction is com.
plete. The computer proceeds to fetch the next in-
struction.

3. I the sign digit of the instruction is odd, automati
B register modification of the four low-arder digits
of the instruction vecurs.

ram switch, the NO OPERATION in-
struction is often modified to become a branch uncondi-
tionally instruction. In such a situation, the coder stores
a NOP instruction with an address that will be used when
the operation code is changed from 01 (NOP) to 30

(BUN).

If used as a pr

GENERAL

Chapter 5 discussed the problem of decimal vﬁ._u._sﬁ of
numbers to be entered into the computer and :Em:_.:_:.#m
by it. The process is :Ec.nc:m.:::.:... ==.= painstaking
work when many numbers of widely varying values are
involved.

Thus it would seem desirable to have some way of auto-
matically indicating to the computer the location of the
decimal point of a number in storage. Why not Ern.E_.
vantage of the manipulating facility provided by a variant
of scientific notation? This consists of writing a number
as a value between 0.1 and 1.0 times a power of ten. To
illustrate:

4332.8019 is written 0.43328019 X 10
000143328019 s written 0.43328019 X 10-*
12.3456789 is written 0.123456789 X 10°
12345678 is written 0.12345678 X 10°

With scientific notation as a basis, there is a way of
automatically indicating to the computer the location of
the decimal point of a number in storage, and instrueting
the computer to take account of the placement of this
decimal point in all arithmetic operations. Such a system
is said to operate in floating-point arithmetic as distin-
guished from fixed-point arithmetic,

There are two methods of handling floating-point opera-
tions: this facility may be designed into the circuitry of
the computer or special subroutines may be devised. The

W:..S:wrm 220 has the automatic floating-point feature
uilt in.

In floating-point operation, the power of ten, called the
exponent, of a number in scientific notation is stored with
an eight.digit number, called the mantissa. This combina-
tion c.m exponent and so-called mantissa forms a “float-
J"8-point number.” Although other arrangements are used
n some other computers, in the Burroughs 220 the coded

exponent :h a floating-point number is stored in the two
most significant (high-order) digit positions of a word
and the mantissa is

P ssa is stored in the eight least significant
Hcz.e:r..: digit positions of the same word. The sign
of the word js the sign of the mantissa.

MANTISSA
.T. general, the mantiss
Ing-point fq
significant
one

a of a number in standard float.
rm must be normalized—that is, the most
digit must be o digit other than zero, The
€Xeeption to this is the number zero  itself,

Floating Point

== 00 0000 0000. All floating-point operations automat-
ically leave the mantissa of the result in a normalized
form, that is, within the range 10000000 to 99999999,
(The decimal point of the mantissa is assumed to precede
the first digit. For example, consider the number
12345078 its so-called mantissa would be .12315678. The
complete number would be 12315678 X 10" in scientific
notation, )

EXPONENT

The two-digit coded exponent of a floating-point number
is formed by adding 50 to the exponent of the number in
scientific notation. Thus a number in floating-point farm
will be within the range of 10*** 16 10-*' with the coded
exponent ranging from 00 to 99. For example:

Scientific Floating-Point

Number Notation Representation
+.0932456601 +.932456601 % 107 +49 9324 5660
+ 83067.45911 +.8306745911 x 10* +55 8306 7459
+.00004832101 +.4832101 x 10°* +46 4832 1010
—.600003298 —.600003298 X 10" —50 6000 0330
— 123456789 —.123156789 x 10° —59 1234 5679
— 0000000000091 =91 x 10" —39 9100 0000
+ 0000000000 + 0000000000 +00 0000 0000

Note that as the result of a floating-point arithmetic oper-
ation, overflow can occur. In addition and subtraction,
arithmetic overflow occurs when the operation causes
overflow from the high-order digit of the mantissa into
a 99 exponent, thus creating an exponent greater than 99,
In multiplication and division, exponent averflow occurs
when an exponent greater than 99 is gencrated by the
operation (during normalization of the result). In both
cases, the overflow indicator is turned on.

If an exponent less than 00 should be generated by an
arithmetic operation, exponent underflow will occur and
the arithmetic registers (A and R) will be cleared.

FLOATING-POINT INSTRUCTIONS

The Burroughs 220 provides the following instructions to
handle floating-point arithmetic operations.

FLOATING ADD (22) = 0000 FAD aaaa

1. “Add the contents of location aaaa to the contents
of the A register.”

2. Both the contents of the A register and the contents
of location nnaa are treated like floating-point
numbers.

3. The sum is in the A register in floating-point form

101



Floating Point

—the s normalized an e expone rop-
the mantissa i 1 d th xponent prog

erlv adjusted.
If. as a result
a. The coded exponent
overflow occurs and

of the execution of this instruction:
would exceed 99, arithmetic
the Overflow Indicator is

-

turned on.

b. The coded exponent would
exponent underflow occurs and L ane
lers are cleared; no other indication is given,

1f the sign digit of the instruction is odd. automatic

be smaller than 00,
] the A and R regis-

w

B register address modification occurs.

Examples:
Operand
Location Operation  Address
1000 CAD 2050

Remarks

Clear the A register and load it
with the first number to be
added.

00 FAD 3000 Add in floating point arithmetic
o the contents of location 3000,
1002 STA 00 Store the sum in location 4000,

Contents of

A Register

Ater Execution

of Instruchon Conrents of Sum in Overflow

m 1000 Location 3000 A Register Indicator
05022 00 0000 0 S0H 00 0000 0 30 6600 0000 OFF
0 709 00 0 5230 00 0000 0 70 9000 0000 OFF
1 3081 00 0000 0 3081 00 0000 1 00 0000 0000 OFF
0 9990 00 0000 0 9910 00 0000 0 01 0000 0000 ON
0 5390 00 0000 0 5310 00 0000 O 54 1000 0000 OFF
15120 00 0000 0 4920 00 0000 1 51 1980 0000 OFF
19990 00 0000 1 9920 00 0000 1 01 1000 0000 ON

FLOATING ADD ABSOLUTE (22)
* 0001 FAA aaaa

L. “Add the absolute value of the contents of location
aaaa to the contents of the A register.”
. Both the contents of the A register and the contents

of location aaaa are treated like floating-point
numbers,

2

3. The sum is in the A register in floating
—the mantissa normalized and the ex
erly adjusted,

If ac a result of the execution of this instruction:

a. The coded exponent would exceed 99, arithmetic

overflow occurs and the Overflow Indicator is
turned on.

-point form
ponent prop-

b. The coded exponent would be &
exponent underflow
ters are cleared; no
5. If the sign digit of t
B register address m

maller than 00,
occurs and the A and R regis-
other indication is given.

he instruction is odd. automatic
odification occurs.

Examples:
" Operand
Location Operation Address Remarks
1000 ! 5
CAD 2050 Qnu... the A register and load it
with the first number 1o be
added,
10.2

Operand

Location  Operation  Address

1001 FAA

1002 STA

Contents of

A Register
After Execution
of Instruction

in 1000

0 5086 00 0000
0 9980 00 0000
0 62+ 00 0000
0 K60 00 0009
1 4030 00 0000
0 9980 00 000D

FLOATING SUBTRACT (23)

1

Remarks
3000 Add in flo i
the -_.r”_.”h___wﬁ..”._.._._._.n:-..“.wr;.ia
tents of location 3000, “ieom
1000 Store the sum in location 4000,
Contents o 7
Location ,SQ.‘Q .xn.ﬂ._“_,“”w M.“«..wm“w
0 5014 00 0000 0 51 1000 0000 OFF
19920 00 0000 0 0] 0000 0000 oN
16022 00 0000 0 62 4302 0000 Om.,m.
15020 00 0000 0 50 2060 0000 OFF
1 4120 00 0000 0 41 1700 0000 OFF
19910 00 0000 0 01 2000 0000 OFF

“Subtract the contents of loc
contents of the A register.”

= 0000 FSU aaqq

ation aaaa from the

2. Both the contents of location aaaa and the contents

of the A register are treated like
numbers,

floating-point

3. The difference is in the A register in .._.:_::T.._E::

form—the mantissa normalize

properly adjusted.

d and the exponent

. 1If, as a result of the execution of this instruction:
a. The coded exponent would exceed 99, arithmetic

overflow occurs and the Overflow Indicator is
turned on.

b. The coded exponent would be smaller than 00,
exponent underflow occurs and the A and R regis-
ters are cleared: no other indication is given.

If the sign digit of the instruction is odd, automatic

B register address modification occurs.

5.
Examples:
Location
1000 CAD
1001 FsSU
1002 STA

Contents of
A Register
After Execution
of Instruction
in 1000
0 5039 00 0000
0 5240 00 0000
1 9990 00 0000
1 4020 00 0000
17060 00 0000

Operand

Operation Address

Remarks

2050 Clear the A register and load it

with the minuend.

3000 Subtract in floating-point arith-

metic the contents of location
3000.

4000 Store the difference in location

Contents of
Location 3000
0 4940 00 0000
1 5040 00 0000
0 9920 00 0000
1 3030 00 0000
1 7060 00 0000

4000,

Overflow

Difference in e

A Register
0 50 3500 0000  OFF
0 50 4040 0000  OFF
1 01 1000 0000 ON
140 2000 0000 OFF
1 00 0000 0000 OFF

FLOATING SUBTRACT ABSOLUTE (23)
+ 0001 FSA aaaa

ca-
L. “Subtract the absolute value of the contents of lo

. "
tion aaaa from the contents of the A register.

2. Both the contents of location aaaa and the contents

of the A register are treated like floating-point

FLOATING MULTIPLY (21)

Floating Point

=+ 0000 FMU aaaa

L. “Multiply the contents of location aaaa by the con-
numbers. . "
3. The difference is in the A register in floating-point tents of the A register.
form—the mantissa normalized and the exponent 2. Both the contents of the A register and the contents
properly adjusted.  un of location asaa are treated like floating-point
1. If, as a result of the exeeution of this instruction: numbers.
o el / exceed 99, arithmetic S
a. The coded oﬁ.::.a_m. ”»__.“.:__A_f..”_m_ﬂ.i __:_M.wq.._a_:_.—“:“.w 3. The product is in floating-point form. The two-digit
overflow occurs an coded exponent and the eight high-order digits of
turred. of, could be smaller than 00 the mantissa are in the A register. The remaining
b. The coded ...m_::x _.n. s _H, 1 m:.w V:E:_ 2:”..7” seven or eight digits of the mantissa are in the high-
exponent :_:_,...T on oﬂ_. ._”w:”..:...m::,: is given Bt order digit positions of the R register—the last two
ters :nn. a_emmaq s ua i .:,n - or three digit positions of the R register heing
5. If .?.. sign digit of _r..._ﬁ_._,..:._:.::: 1s odd, aulomatic cleared to zero, The sign of the product appears in
B register address modification occurs, the sign-digit positions of both the A and the R
Example registers,
Operand < Thias : tices s
s it ddioess Remarks 1 as a result of the execution of this instruction:
1000 CAD 2050 Clear the A register and load it a. Exponent overflow occurs, the Overflow Indicator
with the minuend. is turned on.
S/ 3000 Subtract in floating-point arith- .
loa bRl ==.”1”M _W_ﬂ m_..._,:_:..._ﬂa_:q of the b. Exponent underflow occurs. the A and R regis.
contents of location 3000. ters are cleared; no other indication is given.
S he differ inl i
e STA e ﬁﬁmx__‘_o il e 5. 1f the mantissa of the operand in the A register, or
Contents of the mantissa of the operand in location aaaa, is not
A Register normalized—that is, if either mantissa has a high-
After Execution 5 : Ocerfl order digit of O—the operation is terminated and
of _q_“.aﬂ.%%e:o; ﬁm_.w“n_m“ﬂ_.dw&a h\ﬂ“““_.shha ?ﬂwnw“ the A and R registers are cleared: the product is
05060 00 0000 1 5020 00 0000 0 50 4000 0000  OFF assumed,fo he:per.
0 6230 00 0000 1 6040 00 0000 0 62 2960 0000 OFF 6. If the sign digit of the instruction is odd, automatic
13912 34 5678 1 4012 33 5678 1 40 1358 0245 OFF B register address modification occurs.
09990 00 0000 0 9990 00 0000 0 00 0000 0000 OFF
1 9980 00 0000 1 9920 00 0000 1 01 0000 0000 ON Examples: Refer to table 10-1.
Table 10-1. Examples of Floating Multiply
Given:
Operand
Location Operation Address Remarks
1000 CAD 2050 Clear the A register and load it with the multiplier.
1001 FMU 3000 Multiply in floating-point arithmetic by the contents of
location 3000.
1002 STA 4000 Store the product in location 4000,
Contents of A Register
_>=oq Execution of Contents of Product in the Overflow
..'_._MH:Q,:_:’._ 000 Location 3000 A and R Registers Indicator
0 7580 00 0000 0 5020 00 0000 0 0030 00 0000 0 0000 00 0000 ON
05060 00 0000 0 5030 00 0000 0 5018 00 0000 00000 00 0000 OFF
03020 00 0000 0 6020 00 0000 0 3940 00 0000 0 0000 00 0000 OFF
1 5112 34 5678 0 5120 00 0000 1 5121 69 1356 1 0000 00 0000 OFF
05211 11 1y 0 5222 22 2222 0 5321 69 1357 0 5308 61 2000 OFF
9 6002 00 0000 0 5520 00 0000 00000 00 0000 0 0000 00 0000 OFF
but
operation
_—_— terminated
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Floating Point
FLOATING DIVIDE (25) = 0000 FDV aaaa

1. “Divide the contents of the nc:_rmzam.u’ and R regis-
ters by the contents of location aaaa. The exponent
and the eight high-order digits of nrw ::..:.,_mmm of
the dividend are in the A register. ,_.r..v eight r:.f
order digits of the mantissa of the ._::_E.:w are in
the high-order digit positions of the R register.

2. Both the dividend in the A and R registers E:_.:;n
divisor in location aaaa are treated like floating-
point numbers.

3. The quotient is in floating-point form. The two-

digit coded exponent and the eight high-order digits

of the mantissa are placed in the A register. The
one or two low-order digits of the mantissa are in
the high-order digit positions of the R register.

The remainder is in the low-order digit positions of

the R register,

5. If, as a result of the execution of this instrucyj
o
a. Exponent overflow would oceur, u:

the ove
i & i i
indicator is turned on. flow

b. Exponent underflow would occur, the A and

registers are cleared; no other indication js m?aw

6. If the mantissa of the dividend is not nory, ]
that is, if the high-order digit is 0—but the
of the divisor is normalized, the operation
nated and the A and R registers are
dividend is assumed to be zero.

nalized—
mantissy
is term.
cleared: the

7. If the mantissa of the divisor is not normalized, 3
is assumed that the divisor is zero. The o_.m_.m:::. is
terminated and the overflow indicator turned on

8. If the sign digit of the instruction is odd, automatic

B register address modification occurs.

Examples: Refer to table 10-2.

Table 10-2. Examples of Floating Divide

Glven:
Operand
Location Operation Address Remarks
1000 CLR 0000 Clear the R register.
1001 CAD 2030 Clear the A register and load it with the
dividend.
1002 FDV 3000 Divide in floating-point arithmetic by the
contents of location 3000.
1003 STA 4000 Store the quotient in location 4000.
Contents of A Register
After Execution of Contents of Quotient and Remainder Overflow
Instruction in 1001 Location 3000 in the A and R Registers Indicator
0 5280 00 0000 0 5040 00 0000 0 5320 00 0000 0 0000 00 0000 OFF
0 2060 00 0000 0 5030 00 0000 0 2120 00 0000 0 0000 00 0000 OFF
0 5040 00 0000 0 5030 00 0000 0 5113 33 3333 0 3300 10 0000 OFF
0 2004 00 0000 0 5030 00 0000 0 0000 00 0000 0 0000 00 0000 OFF
0 5040 00 0000 0 5003 00 0000 0 5040 00 0000 0 0000 00 0000 ON
0 9020 00 0000 0 2010 00 0000 0 0020 00 0000 0 0000 00 0000 ON

As shown above, the R register should be cleared before FLOATING DIVIDE unless a 16-digit dividend is to be used.

To ilustrate:

Dividend in
A and R Registers Divisor
0 5288 88 8888 0 8838 83 8848 0 5640 00 0000
0 5033 33 3333 0 3333 33 3333 0 5060 00 0000

Contents of A and R Registers Overflow
After FDV Indicator

04722 22 2222 0 2200 08 8888 OFF
0 5055 55 5555 0 5003 33 3333 OFF

GENERAL

Punched cards are an important m.._v..:..ou::: E.E:E: of
the Burroughs 220 Data Processing System. When pr._.v,
are used, standard electro-mechanical punched card equip-
ment is required to read information on the cards, to
_:::.__ _.Ez...ww.,:_ or computed m:m.:.::m:::. m_._.: n.m:_? and
to print _E:,cmn.;_ information. Certain difficulties would
be encountered if the punched-card equipment had to
communicate directly with the computer. These difficulties
arise from the differences in the mode of operation of the
computer and the punched-card and printing devices and
involve speeds, codes, and word length.

COMMUNICATION PROBLEMS
SPEEDS

The computer is much faster in operation than the card-
handling machines and line printers. [f information were
accepted by the computer directly from a card device, the
computer would be forced to wait while the information
was being read by the card machine, thereby reducing the
over-all operating speed of the computer.

CODES

The code used with punched cards allows both numeric
and alphanumeric characters to be represented by a single
card column. For straight numeric words there is no prob-
lem of code difference. However, any character—alpha-
betic, numeric, or special—in an alphanumeric word must
be represented in the Burroughs 220 by a two-digit code.
Thus information in punched card format may be in a
form that is not acceptable to the Burroughs 220.

WORD LENGTH

The computer is limited to receiving information in fixed
words of 10 digits plus sign digit, but information re-
corded in punched cards may be in fields of any length.
Therefore. information from punched cards must some-
how he grouped into words of a specific length in order
to be compatible with either the computer fixed-word
length or a specified partial-word length.

““,_rm. nw_”,r:-.:: System' was designed to eliminate such
. ;\culties: it enables the Burroughs 220 to handle appli-
wm_czu_ which deal with masses of punched-card input and
printed-report and punched-card output. This system pro-
—_——
'For a detaile.
of the Burro

ughs 220, Bulletin 5020.

The Cardatron System

vides a flexible means of linkin

; : ! g standard punched-card
machines and line printe

rs to the computer,

The Cardatron System resolves the differences between
punched-card equipment and the computer as follows:

THE PROBLEM OF SPEED DIFFERENCE

The Cardatron System relieves the computer of the neces-
sity of waiting while punched cards move through the card
devices, To permit the computer to operate independently
of the card machines, the Cardatron System uses a small
magnetic drum—called the buffer—as an intermediate
storage device. Each card machine is attached to a Carda-
tron Input Unit or a Cardatron Output Unit which con-
tains one of these magnetic drums, The card machine
communicates not with the computer but with the buffer
of the associated Input or Output Unit. The Input Unit
receives the information from the card-reading device and
holds it until the computer calls for it. The Output Unit
accepts information from the computer and holds it until
a line printer is ready to print a line of information or
until a card punch is ready to punch information into
a card,

The action of the Input and Output Units is governed by
the Cardatron Control Unit. The Control Unit synchro-
nizes a single Input or Output Unit with the computer
until the transfer of information to or from the computer
is made. It then releases that unit fram the computer and
‘nchronizes it or another unit with the associated card
device. An Input Unit will accept new information from
the associated card-reading device: an Output Unit will
transmit information to the associated punching or print-
ing device. Thus the computer has no direct contact with
the card machines, and, since the buffer drums in the In-
put and Output Units operate at computer speed. the time
that the computer is tied up with these units, during
transfer of information. is minimized. This arrangement—
isolating the computer from direct association with a card
device—is called buffering: the computer is buffered from
the card machine by an intermediate unit (Fig. 11-1).

PROBLEM OF CODE DIFFERENCE

The translation of an alphanumeric character into its two-
digit code on input. and the translation of a two-digit
coded alphanumeric character on output, is handled by
a special translator in the Cardatron Control Unit. The

d description of the Cardatron System and a complete list of the Cardatron instructions, refer to Operational Characteristics
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The Cardatron System

——
Cardatron
Input >
Cord Reader Unit -
nm..qﬂzs
ont
caﬂo_ Computer
Cardatron
Card Punch - Output * | —1
Line L
Printer

Figure 11-1. Buffering Operation

Cardatron Control Unit is notified to make the necessary
translations by certain format digits in the format band
selected by the incoming card or in the instruction causing
the printing or punching of outgoing information.

PROBLEM OF WORD LENGTH

Compression or expansion of variable-length punched-card
fields into fixed-length computer words is accomplished
by the Cardatron System. Each Cardatron Input Unit
stores format digits which control the grouping of infor-
mation into computer words; each Cardatron Qutput Unit
stores format digits which control the regrouping of in-
formation from the computer into variable-length card

fields.

A set of format digits—sometimes called an editing con-
trol stream—is assembled for each type of card to be
read or punched, or page to be printed. These sets of
format digits need not be the same for input and output;
information can be read from cards with one type of

format and information can be punched or printed with
entirely different formats.

Each Input Unit and each Output Unit can store five sets
of format digits, On input, a sixth editing control stream
can be selected by means of a toggle. This editing control
stream is for straight numeric format.

Because of the translating and format-control functions of

the Cardatron System, information on punched cards need

125?« entered in a special form for computer input, nor

18 the computer restricted to handling numeric informa-

tion. Also. the buffering function increases the speed of

punched-card data handling.

built around the Cardatron Con-

nit controls any combination of

up to a maximum of seven. For

MM”.MM_—” mﬁ?z Cardatron System might consist of a

& . i

e MM%.O_ M::.. three Input Units connected to
1 v 1

S ot ,.._._m evices, and four Qutput Units con-
\ne printers and a card punch (Fig. 11-2).

The Cardatron System is
trol Unit. The Control U
Input and Output Units

112

In addition, the Cardatron Control Unit provides the
information pathway between the Cardatron Input and
Output Units and the computer.

THE BUFFER DRUM

Each Input and Output Unit has a magnetic drum—called
a buffer drum—to store information. Each drum has an
oxide coating on its surface similar to that on magnetic
tape; on this surface spots are magnetized to represent
information. The surface of the drum is divided into sev.
eral channels or bands which run around it: one infor-
mation band and five format bands (Fig. 11-3).

INFORMATION BAND

The information band stores the contents of one punched
card or line of edited information. Information on the
information band is ready either to be read into the com-
puter or transmitted to a card punch or line printer; all
necessary code translations and word-length adjustments
have already been made.

FORMAT BANDS

For each digit position on the information band, there
is a corresponding digit position on each of the format
bands. Specific format digits are written in these formal-
band positions; each of these digits is an instruction to
the Cardatron telling it what to do with the corresponding
digit of the information band. The digits of the format
band instruct the Cardatron how to edit every column of
the card. In addition, format digits may be included that
insert either zeros or blank spaces for scaling or separat
ing data. The format digits edit the information from
punched cards or computer words, group the ._:n.owamzem
into computer words for input. and spread it into nu__.._n
fields for output. There are special instructions it p-a
Burroughs 220 vocabulary for loading format digits on

a specified format band.

Each format band on an input buffer drum contaif p
digits for editing one type of input card. mmn_n. m.o_.:»_o_.
band on an output buffer drum contains the digits

s the

Input
Units

o5

The Cardatron System

Burroughs

220

- -
L d
-
-
-,
4

Card Readers

Card Punch

Figure 11-2. Cardatron System

E.am:nmsm one card or one printed line of information in
a given format. Since each buffer drum has five format
v.n:mu_ any Input Unit can accept cards of up to six dis-
tinct formats (five plus the numeric) and any Output Unit
an group information into any of five distinct formats.

On mz.v_.:. the format band that is to control a particular
card is selected by a control punch in the card itself. On
output, a format band is specified by a digit in the con-
trol portion of a CARD WRITE instruction. The digits

0.1, 2, and 3 are used for format control.
_Z_..Oxz__bﬂ_oz FLOW

INPUT

The i i

_.nuommumchmo_uﬁm:o: of the Cardatron System—that is, the

information from punched cards into the com-

puter—occurs in two steps: card to buffer drum, and
drum to core storage.

PHASE 1. During the first phase, the Input Unit is syn-
chronized with the card-reading device. At this time, cone
card is read by the card device, and the information con-
tained on the card is recorded on the information band
of the Input Unit buffer drum. The information stays on
the buffer drum until the computer is ready to use it. As
the information is transferred from the card reader to the
buffer drum, either zeros or blanks can be automatically
inserted and part of the conversion from punched-card
code to computer code takes place, also automatically.

PHASE 2. When a CARD READ instruction is executed

by the computer, the contents of the information band are
transferred to a set of consecutively addressed locations in
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The Cardatron System

Information v
Band Format Bands

Figure 11-3. Cardatron Buffer Drum

ocents, the {

core stotage. As the trans al editing and
comversion to computer code takes place ant matically.
When the information band s emptied, the Cavdatron
Contial Unnt cia the Input Unit from the com
puater. As soon as the Toput Linit s fiee, it begins
cept information from the next card bewg read by the
card reader,

ovTeuT

The output operation, like the input operation, vccurs in
Iwo parts.

PHASE 1. When a CARD WRITE instruction is executed,
information is transferred from core storage to the infors
mation band of the Output Unit buffer drum. As the
transfer occurs, zertos ot blanks can be automatically
inserted and part of the conversion from computer code
to punched-cand code takes place, also automatically,
PHASE 2. When the information band in the buffer deum
is filled, the Qutput Unit is disconnected from the com.
puter, and the Output Unit is ssuchronized with the asso.
ciated card machine. The contents of the information band

ool

LI

ter for
punching or printinz. After completion of the punching
or printing. the Output Unit is disconnected from the card
machine or line printer. It then waits for more s
from the Cardatron Control Unit.

SAMPLE INSTRUCTIONS

Following are the descriptions of the two Cardatron in-
s selected as examples.

CARD READ (60) = w0 v r CRD aasa

If the <ign digit is odd, automatic B register address
modification oceurs,

are transferred to a card machine or line pri

pnals

u: designates the Cardatron Input Unit from which the
information will be read.

), o 1 + . .
"I reload lockout is imposed, the contents of the next card will not be read onto the information band: that

inhibited.

The Eﬂ??».z mode has to do with overpunching the
Operational Characteristics of the Burroughs 220, Bulletin 5020,

11-4

m digits of numeric words, A detailed description of this operation is inc

01 ot reley

1t the execution of this wliuct]

oy = 1, control words will not be vevopuized an much,

v = 0, control words will be vecognized as s

e o= 1 no Baeginter addvess modification of input; re
i e
load Tochout’” will be mposed.

1 signated input will
ified; reload lockout will 1

e = 0, no W vegister addiess modification of input,

| Boreginter adidyess mod.
npos 1.

U = 8 designated input will be I vegister addiess .
i

1. “Read the words (rom the information band in Tnpwt
Unit w iwto core storage” The Giest 11 digits, come
prising the first word, walion waaag
the next T digits are stoved in location aana= 1 the
third 11 digits ave stored in location asan=2; and o
forth.

2 The information was edited by the format digits on
the format band selected by the card, and then rans.
ferred to the information band.

e stored

CARD WRITE (61) = u0ef{ CWR anaa

I the sign digit is odd, automatic B register address
madification oceurs,

u: designates the Qutput Unit which will aceept the infor-
mation to be written,

0: not relevant to the execution of this instruction,

¢t has to do with additional control of the line printer
such as spacing and skipping: not relevant to the reader’s
understanding of this instruction.

f: designates the format band containing format digits
for editing the output information.

1£ { is even, the suppress-12 made® of printing or punch-
ing is selected; if { is odd, the suppress 12 maode is not
selected.
1. “Write the contents of up to 29 core storage lo ;
tions onto the information band in Output Unit u.
The contents of location a ate the first to be
written: the contents of location aana— 1 are the sec-
ond to be written: the contents of location anan—2
are written next; and so forth,
2 The tolal number of digits transferred from core
storage to the information band depends on the con-
figuration of the digits of format band f.

transfer of the information i

led in

AUXILIARY STORAGE

1t has not yet moved technically or e ...._.:r.:__.. feasible
1o build a1 Tespeed internal storage unit with the ea
sacity for the Large volume of data o instruct
: dications which ane computer mipht |
Al the data an imventory file of thousands
of automobile parts, [ e all the coellicients
Jarge matrin inversion— need nat be read
il ne ave the

sary forall

quited fo

requited o :
ily available at all timex. No
programs for several applications in working stors .:.
the same time. Indeed, some applicati v require
programs so long that enly a portion of the program will
1 internally at any given time,

ssary o

be st

In each of these situations there is a need for some tvpe
of auniliary storage for Large volumes of information, Such
auviliary storage need not provide the high-speed aceess
requited of the more expensive internal storage units and
thus can store large valumes of information ceonomically.

The Burroughs 220 system provides large-capacity auxils
iary stor in the My pe System. The compo-
nents of this auxiliney storage system are a MagneticTape
Control Unit, Magnetic-Tape Storage Units, and Datafiles',

neties’

SYSTEM CHARACTERISTICS

The operation of the Magnetie-Tape System? is always
initiated by the computer program. The MagneticTape
Contral Unit houses the components for «
netic-tape operations onee they have been initiated Iny
instructions from the computer. Thus the computer com-
municates with the Magnetie-Tape Control Unit, which in
turn relays the messages to the tape-handling units,

Tecling mag-

A Magnet

Tape Storage Unit stores information on reels
containing up to 3500 feet of tape with a-capacity of up
to approximately 1100,000 11.digit words, The Datafile
contains 50 lengths of magnetic tape. each 2500 feet in
length, and each hanging freely in its own bin, A single
Datafile can store up ta approximately 5,000,000 11.digit
words. Each Burroughs 220 system can include up to ten

“u...._i.._..u and Magnetic-Tape Storage Units in any com-
bination, ’

I i ¥ i
nlormation it recorded on magnetic tape in separate

uni e . i
s called blocks. A block is a group of words between
ll.lll’lll
3
Trademark of the By ughs €

..
.._... a detailed deserip
teristics of

‘orporation.

o Burroughs 220, Bulletin 5020,

The Magnetic-Tape System

twa dnter-bilock gapa. Block lenpths may vary |
100 words in increments of one word; no two
Blucks neva be the s h.

NN
lyavent

Edenotes aunit of problem infor
It is possilile ta have several yevonds, such as et ployees’
carning . with ne block. Alternatively, one
record might oceupy e than une black. A pronp of
records in adjacent Dlocks, all cont similar infor.
mation, would make up a file,

SAMPL

L AUPLICATIO

Suppose that an automobile manufacturer has an inven
tory of 5,000 automobile parte which must be kept e
vent. In apply e Burroughs 220 Data-Processi
System 1o this job, the inventory file, consisting of the
individual patts tecords, would
hepart vecond would contain such relevant inf
mation ax the part number, halance on hand, reorder
it ele. The program for this _.:_. wauld be designed
to call for individual records from magnetic tape, hrir
them up to date, and then return them to o

tecanded

welic tape.

In ovder 1o construct the inventory file and maintain it in
a current status, there are several operations that we must
be able to perform on magnetic tape: we must be able
initially to record the file on magnetic tape, locate a
particular record when it is needed, vead the record from
magnetic tape inta core slarage, and 1e > the :._.._n_...L
recond on magnetic tape. The Burroughs 220 svetem pro-

h of these vpera-
+ would De written initially onto freshly
tape that has been cheched for flaws
ted o that they

vides magnetic-tape instructions for
tions, The f
edited tape: that
and on which all flaws have been indi
will be skipped during writing,

A single instruction could write from one 1o ten blocks
of the file, The first word of cach block is regarded as
its address, This addeess, like the address of a stovage
location. serves as a marker for locating the block, For
ease of locating a block, the Bocks wiitten in anv one
lane must be recarded in order of increasing address from
beginning to end of the tape. (Refer to Appendix D for
ma

tic-tape format.)

Associated with each Block written on the tape is a preface.
The preface does not contain part of the information in

nof the Magnetic-Tape System and a e nplete list of the magnetic-tape instructions, vefer to Operational Charae




The Magnetic-Tape System

Begin File
Inter-blk Gap

15t Record :
Inter-Blk Gap

Legend

se=se Preface
~~ Address

2nd Record

Inter-Blk Gop __

File

g T
Inter-Blk Gap

4,9991h Record
Inter-Blk Gap

5,000th Record

/

End File Control Block

Figure 12-1. Inventory File of Automobile Parts

the block but is a word immediately preceding the block:
it indicates the number of words in the block.

The inventory file would be bounded by unique blocks.
The block at the beginning of the file is an identification
block: it would tell the computer that this is the inventory
file of 5,000 automobile parts. The block at the end of
the file is called a control block: it would serve to notify
the tape control unit if the end of the file is reached dur-
ing an operation on the file. This block can contain infor-
mation pertinent to the file for checking purposes: it
might contain such information as control totals, the
number of blocks in the file, cte, (Fig. 12-1 shows the
inventory file, using one-block records.)

If the program to handle the daily inventory updating
operation were already in core storage, this program
would activate the tape control unit to locate the records—
one at a time—for the parts used that day, read these
records into care storage and update the balance on hand
for each. If the balance on hand has fallen below the
reorder point this information is printed out before the
record is replaced on magnetic tape.

SEARCHING AND SCANNIN

G. The question arises of
how

an individual parts record can be located in a file.

MHM“:M«_._MHMMUO::..__cmw. of locating a particular block on
ghs magnetic tape.

The first method is called searching

the program can

the block with the

. An instruction in
tell the tape control unit to search for
address it specifies. The address speci-

12.2

fied by the instruction is called the search key, The
ing operation consists of automatically ¢
search key with the first word of each block
an equal comparison is obtained.

search.
omparing the
m a file untj]

The second method of locating a particular block is called
scanning. An instruction in the program can tell the i
control unit to scan all of the blocks in a file for those
belonging to the category it specifies. The calegory speci.
fied by the instruction is called the scan key. Any one of
the first ten words of a block may be used to _mp.x.:...::.__. u
specific category; this word is called the calegory code
The scanning operation consists of automatically n.\_::_x:.“
ing the scan key with the word of each block which
comtains the category code until an equal comparison is
obtained. For example, from the automobile parts inven.
tory file we may wish to examine the records of al] types
of windshicld wipers,

tape

The search and scan operations can be partial-word opera.
tions: n partial-word search or scan key can be specified
by the program. The tape control unit would then search
or scan for the partial-word address or partial-word cate-
gory cade specified.

Once a search or scan operation has been initiated by the
program in core storage, the tape control unit can carry
on the operation independently of the computer.

SELECTIVE UPDATING. When a specified part record
has been located in the file, it must be read into core
storage before the updating process can begin. A single
instruction in the program can read from one to ten
blocks into core storage, starting with the location whose
address is specified by the instruction.

The reading operation is one instance where the preface
of a block is utilized. 1f the blocks to be read are all the
same length, one type of reading operation takes place
which does not necessarily include the preface: the first
word read and sent to core storage is the address of En
first block. (The preface could be read in. but there is
no need for it.) The address is written in the location
specified by the reading instruction—succecding words wm
the first block and all following specified blocks are writ-
ten into consecutively addressed locations following the
location containing the address of the first block.

If the blocks to be read are of different lengths, another
type of reading operation takes place: the first word read
and sent to core storage is the preface of the first Em.nr.
In this case, the preface of each block must be read into
core storage immediately preceding the address of the
block so that the proper number of storage locations for
the words of the block may be allocated.

After the part record has been updated in core sLoreges
the block or blocks containing the record must .m_o q_.._w.
corded in the original position on the tape; that _m.m. 3
updated record must be written over the old z..no:_.. mm cﬂm
overwriting hegins, the preface is checked. This is M
insure against overwriting a block with a different :m:_.m
ber of words and is a check that the updated block ¥
being written in the proper place.

Overwriting the updated record on magnetic tape com-
pletes the daily updating process. The method we have
described is a pelective updating process: individual rec-
ords are selected, located, and updated.

TOTAL UPDATING. A total-update operation consists of
reading cach block of a file into core storage, updating
it, then writing it onto a sccond tape. Thus after the
operation there are two copies of the file: the original
file and the new, updated one.

For example, in the automobile manufacturing industry,
a new year brings o new model automobile containing
many new parts. Also, a new year may bring the discon.
tinuation of a number of parts that had previously been
stocked. Therefore, the parts inventory must be brought
up to date totally by inscrting a record for each new part
and deleting the records of all outdated parts.

Assume that the manufacturer has decided to have a large
yearly inventory-file maintenance program run, during
which the insertions and deletions are made to the file.
The program to handle this yearly run would be designed
to search for the first record of the file and read that
record and each subsequent record of the file in turn into
core storage. In core storage the program would check
each record to see if it is to be deleted or if there is to be
an insertion in the file between the previous record and
the record being checked.

If the record is to be deleted, it simply is not written onto
the new tape—the next record is read into core storage to
be checked. If there is to be an insertion in the file, the
new record to be inserted is written onto the new tape—
the record in storage is then written onto the new tape
immediately following the insertion.

MAGNETIC-TAPE OPERATION. Since blocks are re-
corded on magnetic tape in order of increasing address,
many blocks may have to be 3mm.m2_ on the tape before
a particular record is located. This time-consuming opera-
tion has been alleviated by the use of two parallel lanes
on Burroughs 220 tape and 100 parallel lanes in the Data.
file. By means of a single instruction, the read-write head
may be positioned in a particular lane, ready to perform
operations on the blocks in that lane {Appendix D). This
is done without moving the tape,

Other instructions provide means of positioning magnetic
tape, interrogating tape-handling units to determine if
they are ready for usc, rewinding reels of magnetic tape,
ete., under program control. These features of the Bur-
roughs 220 Magnetic-Tape System augment the flexibi ity
and efficiency of the system.

SAMPLE INSTRUCTIONS

q..o:o:..smn are descriptions of two magnetic-tape instruc-
tions selected as examples.

—_——

'Thid.

The Magnetic-Tape System

MAGNETIC-TAPE READ (52)
un 0 v MRD anaa

If the sign digit is odd, automatic B register address
modification occurs.

u designates the tape-handling unit from which the infor-
mation will be read.

n specifies the number of blocks to be read: n = 1 means
read one block, n = 0 means read the maximum of ten

m__:ﬁru.
0: not relevant to the exccution of this instruction.

v = 8 or 9: designated input will be B register address
madified.

1. “Read into core storage n blocks from magnetic-tape-
handling-unit u.”* The first word of the first block
read is stored in location aaaa. The remaining words
of that black and the words of the following blocks
are stored in consecutively addressed locations be-
ginning with location aaaa+1.

2. The lane from which the blocks of information are

read is the lane specified by the last magnetic-tape
instruction referring to a specific lane.

3. A control block will be recognized as such if encoun-
tered during the execution of this instruction.®

4. An end-of-tape block will be recognized as such if
encountered during the execution of this instruction.?

MAGNETIC-TAPE SCAN (51)

= u h h k MTC aaaa

If the sign digit is odd, automatic B register address
modification occurs.

If the sign digit is 4 or 5, another variation of the instruc-
tion is executed.

u designates the tape-handling unit.

hh: if u is a Tape Storage Unit, lane 0 is selected if hh is
even and lane 1 is selected if hh is odd. If u is a Datafile,
lane hh is selected.

k specifies the word of the block which contains the cate-
zory code.

1. “Scan the lane specified by hh for a block whose
category code in the kth word is equal to the scan
key which is stored in location anaa.”

o

When a block whose category code is equal 1o the
scan key is found, the scanning operation terminates
with the read-write head positioned to read the
sought-for block.

3. Once this instruction has been initiated by the com-
puter, the scanning aperation is carried out under
control of the Magnetic-Tape Control Unit, indepen-
dently of the computer.
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GENERAL

The preceding chapters have discussed the art of coding
using the instructions of the Burroughs 220 vocabulary.

I

Such “machine-language” coding is the basic language
for communicating with a computer system. However,
there are now ways to simplify the job of coding—meth.
ods that make use of the computer itsell to help in pre-
paring programs. The several kinds of special programs
that can be used to produce final programs have their
own names and terminology; in general, they are all re-
ferred to as “automatic coding.”

The classes of automatic coding schemes that will be men-
tioned in this chapter are assemblers, interpreters, gener.
ators, and compilers, Each class has a fairly well-defined
purpose, but the programs within a class may differ widely
in details. One compiler, for example, may be quite dif-
ferent from another, and compilers include both assembly
routines and generators,

Before describing these four different kinds of programs,
we should consider what purposes they are meant to serve
and why and how they evolved.

When the management of an organization decides to
acquire a compuling system, they usually have one or
both of two goals in mind: to do certain jobs faster and

at less cost, or to take on jobs that otherwise could not
be done at all.

The computer in a scientific installation. for example,
would be used to reduce the time and the cost of complex
computations. It would also make possible the solving of
problems of such length and complexity that they could
not even be undertaken without the computer.

A business a

pplication would be designed to speed up the
handling

I of paper work. such as that involved in billing
and inventory control. The management might also be

able to take advantage of the spced of the computer to

use the information assembled for the application to pre-

pare special reports not otherwise feasible.
In cither kind of application,
be fupported by an immense
m_:.:..".u the carly stages o
fequired for this

automatic coding,

the computing svstem must
amount of coding. especially
{ installation. To reduce the time
codinz. the user is likely to consider
- He can make use of existing Toutines
’ﬂmnmﬂ—n‘ H»JC.:D—“wC 4—.‘. g.ﬂ—uﬂ.ﬂu.r.ﬂpuﬁ—..—.“ w.—n-.da.—: D—w: qup-_..—rh:mﬂﬂ
wriling nes suited to his own special purposes. These
3%“53 m:::uu..m ..1: :-a:ﬂwa the investment of program-

& and coding time—an investment that will pay divi-

LllrII’

dends later by saving both coding and computer time,
The routines would include sutomonitors —programs that
trace other programs and show, in printed form, a record
of instructions executed and the results of their execution.
Special routines that standardize the forem and procedure
of input and output operations, for example, can be devel-
oped and later become a part of more complex and com-
prehensive programs,

ASSEMBLERS

One of these major programs is the assembler. An assem-
bly routine can eliminate many of the coder’s difficulties,
Consider, for example, the problem of inserting and
deleting instructions in a section of a program that was
thought to be completed.

The reader will recall that the instructions in the sample
programs in this handhook are stored in consecutive loca-
tions in core storage. Yet the coder cannot know in ad-
vance—when he's working on a long program—exactly
where every instruction and data word should be stored.
He may, for example, realize while he's working on the
fifth page of his coding sheets that he should have in-
cluded another instruction on the first page. He may have
forgotten it then, or he may not have realized until now
that it would be required.

How is he to insert it at this stage? He started his pro-
gram with location 0000 and he has used every location
in sequence through 0100. To make an insertion in, say,
location 0010 he would have to move every instruction
from 0011 through 0100 to the location with the next
higher address. But if he does this he has created new
problems. Instructions regularly refer to other instruc.
tions and. since some of those referred to have been
moved. the locations specified by the address partions of
some instructions will also have to be changed. Therefore
the assembler will include a means of avoidingz these
problems entirely; it will allow the use of svmbolic ad-
dressing. Instead of coding the usual wav. using actual
(absolute} locations, the coder will be able to use svm-
bolic addresses and the assembler will assign the absolute
addresses.

How the symbolic addresses look will depend on the de-
sign of the assembler. They could be either alphabetic or
numeric. One approach is to use numeric symbolic ad.
dresses in such a way that ofi-line card sorting can be
used to reduce computer time in sssigning absolute ad-
dresses. Another approach is to use extra digits when
needed. Suppose, for example, that the coder has just
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finished writing an instruction {for F_.,..:m::.cug s‘rn_—.__c
decides he would like to insert an instruction in location
0010. All he need do is put the new ::.::2.6: on the
ext line of his coding form and assizn it location 0010.1;
{he assembly routine will insert it in the praper place—
risht after location 0010—and assign the absolute ad-
dresses, for the instructions that follow, in sequence. Even
if the coder wanted to insert more than ten instructions
between 0010 and 0011, he need only add another digit:

0010.11.

Symbolic addresses written this way would be called rela-
tive to zero. That is, the assembly routine would assign
absolute addresses beginning with the first location in
storaze—0000. Symbolic addresses can also be made
relative to other starting points: thus they can be grouped
ns. One region might be used for all constants,
rary storage, and so forth. Each region

another for tem
can be assizned a number and the coder will preface each

entry in his pragram with its proper region. When the
program is assembled. absolute addresses will be assigned
beginning with the first location of each region.

Regions are especially useful when a longz and complex
program is to be written. The work can be divided into
logical segments so that several coders can work at the
same time, each on a different segment. The assembly
routine will fit the sections together.

Another problem that the assembly routine can solve
easily concerns the use of alphabetic operation codes. We
have seen that it is simpler 1o use these mnemonic apera-
tion codes than the numeric codes they stand for. But
these alphabetic characters must be translated to numbers
—either by the coder or kevpunch operator—before the
computer understands them, By including in the assem-
bler a table of corresponding alphabetic and numeric
operation codes. the assembler itself can look them up
and do the translating. Thus the coder is relieved of
another chore.

When the assembly routine is completed and in use, it
will produce a final tobject) program that can be used
at once or stored for later use. The object program can
be recorded on cards. magnetic tape, or paper tape.

These are some of the features of a typical assembler.
Many others could be added. such as checking facilities.
An assembly routine mizht include. for example, means
for checking all maznetic-tape instructions to see that the
coder has included a dizit to designate the tape unit to be
used. This digit couid be checked to see that it is not
larger than the total number of tape units available to the
em. These refinements, however—like the basic fea.
tures of the assembler—are determined by the nature of
the computer svstem and its application. .

STAR 1

< . . "
Star 1. an assembly routine used with the Burroughs 220,

ek E :
includes many of the characteristics described and other
features,

It allows

ows the coder to use either symbolic notation or
machin

e language and will accept both paper-tape and
132

punched-card input. Certain kinds of errors are recos.
nized and an indication printed for the use of the cf..._.m.
tor. They include: input out of sequence, improper opera-
tion codes, storage overflow, improper field designation,
etc.

Both printed and punched-card output are produced by
the Star 1 routine, providing a complete record of the
original symbolic input as well as the final assembled
program.

INTERPRETERS

Interpretive routines are used to convert programs from
one language to another and to execute the new program
as it is produced. The language they recognize may be
artificial —constructed for a special purpose—or it may be
the machine language of another computer.

It is possible, for example. to make up a vocabulary of
instructions for a hypothetical computer that would be
very simple to program. Then an interpreter could be
written to execule instructions written in this artificial
language.

There is seldom a direct correspondence between an
instruction to be interpreted and the machine language
resulting from the interpretation: one original instruction
may require several in the language of the computer being
used. Unlike an assembler, an interpreter executes the
final program as it is prepared: this object program is
not recorded for future use. Therefore the complete inter-
pretation must be done again each time the program
is run.

THE BURROUGHS 205-220 SIMULATOR

An interpretive routine devised to accept the machine
language of one computer and translate it to that of an-
other is called a simulator.

One of the simulators available for the Burroughs 220
accepts the machine language of the Burroughs 205. A
discussion of this simulator will illustrate the value of
interpretive routines.

The 205-220 simulator was written to simplify the change-
over of a computer installation from a Burroughs 205 to
the larger Burroughs 220 system.

Such a simulator makes it possible to install the new com-
puter without the necessity of first recading all existing
programs. With the simulator. programs written for the
205 can be run immediately on the 220. This procedure,
of course. does not take full advantage of the much higher
computation speed of the larger system. But it does .u:o:.
the data-processinz operation to continue with minimum
interruption. Detailed coding can begin where the greatest
advantage in speed can be realized. probably with sub-
routines. [t is possible that those programs that are rarely
used might never be recoded.

The simulator translates each Burroughs 2035 instruction
into one or more 220 instructions and executes the result-
inz instructions fast enough to maintain the regular oper-
ating speed of the smaller computer. However. the fact
that in these circumstances the 220 aperates no faster than

the 205 illustrates the main weakness of interpretive
routines, since the computation speed of the 220 is
m__m_ucu:,::...:...n: times that of the 205.

While the simulator is operating a sw tch on the Console
can be set to monitor the program. When the m;d,m:,_. is
set, a printer produces a printed record .?: nn&._ instruc.
tion simulated, showing its location, the instruction itself,
and the contents of the simulated A, R, and B registe
The monitoring feature used only occasionally, when
the operator wants to check a portion of the program.

Interpretive routines are, in general, A_E.__._:sn in popu-
larity. They are still used regularly for simulation, but
their other main purpose, providing a simpler language
for the coder's use, is better served by compiling tech-
niques. Compilers will be discussed later in this chapter.

GENERATORS

A generator is a program that produces a mao_mo: of ccm.
ing for a specific purpose. Generators may be included in
assemblers and compilers, but they are also often written
as separale programs.

The generating program is set up to allow the insertion
of quantities to determine the details of the object pro-
gram. Thus a generator written to produce search rou.
tines, for example, can gencrate an enormous variety of
routines with details depending on the specifications—
number of items, number of words per item, ete.

The routines produced by a generator may be used im-
mediately or they may be stored as subroutines on mag-
netic tape or punched cards for future use.

A BINARY SEARCH GENERATOR

A generator has been written for the Burroughs 220 to
produce binary search programs. The method of search.
ing is called binary because each comparison of a refer-
ence with the key of a record in storage divides the
number of keys still to be checked into two parts and
eliminates one of the parts from further consideration.

The operator designates the parameters to be used by the
generating routine; these values can be set up in the A
and R registers from the Console control panel. For
example, the four low-order digits of the A register rep-
resent the number of items in the table, digit positions 4,
5, and 6 represent the number of words in each item, and
so forth. Other digit positions are used to designate such
values as the length of record keys and the total words of
storage available.

Mrm routine checks for unreasonable values: if the num-
er _vm. items specified. for example, is 0 or 1, an error
stop will occur.

Less

e than one second is required for the generator rou-
Ine

to produce a scarch program. The generated pro-

Br. . . . .
gram may then be used immediately or punched into
cards for later use,

COMPILERS

Th iler i .
Eu“.m n:::,.__E. is the most comprehensive type of auto-
c coding system. It is designed to provide the person

An Introduction to Automatic Coding

who originally p

) s the problem to be solved with a
special language that is easy to learn, convenient to use,
and acceptable to the computer.

In the brief history of computer installations, most of the
coding has been done by specialists—not by the engineers,
scientists or businessmen who originated tl problems.
Sametimes this situation has been a matter of policy.
Even when it was not, these who originated the problems
were not likely to have both the time and the detailed
knowledge of computer techniques essential to efficient
coding. Thus they had to explain to the coders exactly
what they wanted 1o do. And, since their problems are
specialized and arise in widely different areas, communi-
cation is difficult: the coder cannot be expected to be
acquainted with the subject matter of every area of an
organization.

Compilers have been developed to eliminate these diffi-
culties. The problem can be stated in the symbolic nota-
tion—the “problem-oriented™ language; the computer is
used to produce the final machine-language program.

A compiler consists of two distinet parts: a system of
symbolic notation and the machinelanguage routine that
translates this notation and produces the final program.

We are most concerned here with the special notation and
the over-all procedure from problem to object program.
The compiler routine that does the translating will not
be discuseed in detail: it is a machine-language program
and therefore similar to these suggested in other chap-
ters—although extremely long, complex, and ingenious.

COMPILER NOTATION

Symbolic notation of various kinds has already been
introduced in this handbock. The machine-language in-
structions themselves are a form of symbolic notation;
the number 12, for example, can represent the phrase,
“Add a number from storage to the contents of the A
register.” And the digit 1 in the sign position of a word
can mean, “This is a negative quantity.”

Compiler symbolic notation, however. is different in that
the symbols are related directly to the problem and only
indirectly to the computer. Standard English words are
used, as well as combinations of numbers. letters, and
special characters. Words such as “PRINT™ or “HALT™
might be used: arithmetic operations could be shown by
the conventional 4+, —, X. and +; parentheses could be
used, just as in algebra, to group expressions.

The compiler language allows these symbols to be grouped
into “statements.” There are two general classifications of
compiler statements: arithmetic and logical.

Arithmetic statements describe the basic arithmetic opera-
tions to be done and define the data to be used in doing
them.

Logical statements describe the sequence of operations.
As in regular coding, this sequence may be complicated.
A series of operations may be repeated a number of times,
depending on the result of tests: a choice of one of several
branches to further series of operations is made, depend.
ing on the outcome of comparisons. Therefore, compilers
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A core is equal to its assigned value only when it is mag-
netized in the positive direction; otherwise it is equal to
zero.

Forty-four cores store 44 binary digits and form 11 dec-
ades or one Burroughs 220 word (Fig. B-3). The internal
storage unit of the Burroughs 220 is capable of storing up
to 10,000 words.

C. BURROUGHS 220 REGISTERS
HOW INFORMATION IS STORED

Registers are made up of electronic circuits called toggles
or “flip-flops.” These are two-state devices that are made
up of two vacuum tubes. Depending upon which of the
tubes current flows through at a given time, the toggle is
either in a “high™ or a “low™ state. If a toggle is in the
high state, it is on or stores ils assigned value; in the low
state it stores a zero.

These togales are grouped into four-toggle decades; they
represent the binary values 8, -} 2, 1, respectively. Each
decade can represent any decimal digit, 0 through 9.

HOW REGISTER CONTENTS ARE DISPLAYED

Register contents are displayed on the control panel of
the control console during computer operation. A small
neon indicator is provided for each toggle in a register.
The neon indicator is turned on for the high state of the
corresponding toggle: it is off for the low state.

Four neon indicators represent a four-toggle decade. Each
neon indicator in the decade row has an assigned value:
from top to bottom their values are 8, 4, 2, and 1, respec-
tively.

Groups of neon indicator decades make up the various
register displays in the Burroughs 220 system. Each group

LIO00QI0O|I00Q0D
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Figure C-1. The A Register Display of + 7321 46 5063

A2

gure B-3. Eleven Decades or One Word

represents the contents of a specific register or group of
toggles. The number + 7321 46 5063 in the A register
would appear on the control panel of the Control Console
as shown in Fig. C-1.

D. INPUT-OUTPUT MEDIA

PUNCHED PAPER TAPE

Punched paper tape is a specially treated strip of paper
7/8 inch wide in which a pattern of holes is punched.
Numbers and letters are represented by a combination of
the holes and blank spaces at each position along the
length of the tape. The pattern of these holes and spaces
in a particular row signifies a particular decimal digit or
character.

The holes are punched in seven parallel channels along
the length of the tape (Fig. D-1). These channels are
functionally divided into three sections:

Zone X Channel h_q
Section | 0 Chonnel
Checkin 5 -
umn_:_so A Pority Channel |

8 Chonnel ¢
Sprocket /'

Holes (.o oo oo mmemmmmmem

4 Channel ™,

2 Channel ,ﬁ,

1 Channel J v

Figure D-1. Paper-Tape Structure

. The zone section, consisting of two channels. These

are designated as the X and 0 channels. ]

. The checking section, consisting of one channel. This

channel, called the parity-check channel, is used for
checking purposes only.

3. The numeric section, consisting of four cha
with assigned binary values of 8, 4, 2. and 1, respec-
tively {thereby making a binary decade).

line of smaller

sprocket holes,

—

o

nnels

The paper tape also contains a continuous
holes running down the center. These are
used for control or timing purposes.

Digits are represented by one or more punches in the

section; letters of the alphabet and special char-

numeric ; .
ombination of zone and numeric punches.

acters by a ¢
The mechanism used to enter into the computer the infor-
bR m:::,_:.__ into paper tape is a photoelectric reader.
After a reel of punched paper tape has vﬁ.:. mounted onto
this 1.:.3?.__._1? and the photoreader is activated, a servo-
mechanism will drive the tape reels—moving the tape past
projected through the

a group of photo cells. Light
holes in the paper tape to form images of the holes on
the photo cells. Each of these cells is connected to an
n:_t_._:ﬁ. which gives an input signal when a hole is read
and no signal when there is a space.

The information read from paper tape is transmitted to
core storage through a translator where the paper-tape
code is translated into computer representation,

Information from core storage can be punched into paper
tape. Each digit of information is sent through a trans-
lator where it is translated from computer representation
to punched-paper-tape code, Then each digit is transmit-
ted to a paper-tape punching device.

Appendices
PUNCHED CARDS

The z.z._‘:_:?_ punched card contains 80 columns and 12
rows. The columns are numbered 1 through 80 (Fig.
D-2); :.w,:_:‘m are numbered 0 through 9 (Fig. D-3).
Two additional rows appear as blank arcas on the card
(Fig. D-4),

”_._:. row just above the O row has several names. A punch
in this row is called an 11 punch, an X punch, a zone
punch, an overpunch, a control punch, or a minus-sign
punch. The 11 punch or X punch is the most widely used
term.

The top row also has several names: 12, R, high zone,
plus-sign, etc. The 12 or R row, however, is the term most
commonly used.

The 80 columns can be grouped into fields. A field is
defined as one or more columns on the card containing
a unit of information, for example, name field, amount
field, identification field, hr.m».lu.::: field, etc. 1Fig. D-51.
When used with the Burroughs 220, a card will often be
marked off in 10- or H-column fields for computer words.
If a 10-column field is used, an 11 or X punch can be
punched over a numeric punch to denote a minus sign;
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Figure D-2. Card Columns
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Figure D-4. Overpunch Rows
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Figure D-6. Numeric and Alphabetic Character Punching

still other combinations of zone and numeric punches
al characters and symbols, such as #, ¢,

un—uqcmn_: mrnnm
. etc.

Note that the upper right-hand corner of nrm, E.:._ .mrc.:.:
in Fig. D-5 has been cut off. This is for identification
purposes. As an example, a master card may have a left-
hand corner cut and the detail cards a right-hand corner

cut.

A master card usually contains _.c"_a m:..cﬂn_::c.: for the
group of detail cards that follow it (Fig. D-7). For exam-
ple. a master card might contain a man's name, clock
number, rate of pay. social security number, cte. The de-
tail cards would contain the numbers of the jobs on which
he worked and the hours he worked on each job, ete.

After information has been punched into cards, that infor-
mation must be entered into the computer from a card
reader via the Cardatron System.

First, the cards are loaded into a hopper or loading recep-
tacle on the card reader. With some card readers the
cards are loaded so that the 9 row of the card deck is read
first; with others, the 12 row is read first.

Once the cards have been loaded and fed into the read
stations, the card reader is activated by the computer and
the cards fed from the hopper. Each card passes over a
metal drum or contact roll and under a row of metal read
brushes. There is one brush for each of the 80 columns in
a card. As each row of the card passes under the row of

Master Cards
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metal brushes, wherever a hole has been punched a sensing
brush comes in contact with the metal drum or w::nwo.
.n:_.:u:n— with the drum causes an electrical impulse. These
impulses are recognized by the card reader as the values
represented in the card and are transmitted to the Carda-
tron Input Unit. Here they are translated into information
E,H.A.v_:.__r. to the computer, From the Input Unit, the in-
formation is sent to the computer by way of the Control

Unit.
When information stored within the computer is to be
punched out on cards, it is transferred to the Cardatron
Control Unit and then to the Output Unit. Here the infor-
mation is translated into punched-card code. Then, as each
Es:.r. card maoves through the punching device, the infor-
mation pertaining to a specific row in the card is trans-
mitted to the card punch. The punch magnets within the
device are activated, and all positions that are to be
punched in a given row are punched simultaneously.

MAG

ETIC TAPE

The magnetic tape used with the Burroughs 220 Magnetic
Tape System is similar in operation and in form to the
magnetic tape used in home recorders. The tape is a plastic
strip, one side of which is coated with a magnetic oxide.

The tape can be considered as having provision for re-
cording two lanes of information, parallel to one another,
along the length of each tape. Each lane is divided into

[T

|

the lack of such a punch is considered a plus sign. If an
11-column field is used, a 1 punch in the first column of

a field can denote a minus sign; a zero punch or a blank
can denote a plus sign.

It should be noted that only the 0 through 9 rows are
required for numeric operations. However, alphabetic

A4

characters are represented by a combination of zone and
numeric punches. Letters A through I are represented by
numeric punches 1 through 9 and a zone punch of 12
letters J through R are represented by an 11 punch and
numeric punches 1 through 9; letters S through Z are
represented by the 0 punch and numeric punches 2
through 9 (Fig. D-6).
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Figure D-7. Punched Master and Detail Cards
AS
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channels: channels 1 through 1 are used to record the
binary digits 8, 1, 2, 1 channel 5 is used as a checking
channel: and channel 6 is used for control purposes

(Fig. D-8).

Control = A%
Check - L Y
Lane 8 - |
1

4
7 -
1

Control -
Check =
Lane 8 -
M -

4
g iz
- L |

Figure D-8, Magnetic-Tape Structure

The binary digits in cach channel are represented by
magnetized spots placed or “written™ on the tape surface.
Utilizing two-state logic, a magnetized spot on the tape
surface represents an on state, a non-magnetized spot
represents an of state.

Words of information are written onto magnetic tape by
special electromagnets called read-write heads, To write
information onto the tape, the write head magnetizes
spots on the tape as it passes by at high speed. To read
information from magnetic tape, the read head senses the
magnetized areas on the tape.

Words of information on magnetic tape are laid out in
blocks. A block is defined as a group of words recorded
serially without intervening blank spaces; a block may
also be described as the information recorded between
these blank spaces or inter-block ig. D9),

Inter-Block Gap
b
Information Information
Lane 1 Block Black
Lane 2

Figure D-9. Magnetic-Tape Blocks

PRINTED OUTPUT

Fanfold paper forms are used as output media by the
character-at-a-time printer of the paper tape input-output
system and by the linc-at-a-time printer of the Cardatron
input-output system.

For the character-at-a-time printer, information is taken
from core storage, translated and printed out on the paper
inserted in the printer. For the line printer, information
from core storage is transmitted through the Cardatron
for translation, to the line ﬁl:?.w where it is _vl:_.:_ out
on the paper inserted in that printer.

E. INDEX TO INSTRUCTIONS DESCRIBED IN THIS

Note

For an explanation of instructions not included

handbook, see Operational Characteris
roughs 220, Bullet

5020,

th

Instruction and Mnemeonic Operation Code

ADD: [ADDY = ouvvmremias on a8 5 5o i

ADD ABSOLUTE (ADA)

ADD TO LOCATION (ADL) .......

BRANCH, COMPARISON EQUAL (BCE)
BRANCH, COMPARISON HIGH (BCH) .
BRANCH, COMPARISON LOW (BCL) .
BRANCH, COMPARISON UNEQUAL (BCU

BRANCH,
BRANCII,

FIELD A (BFA)
FIELD R (BFR)

BRANCH, OVERFLOW (BOF)

REPEAT (BRP)
SIGN A (BSA) .

BRANCH, UNCONDITIONALLY

CARD READ (CRD)
CARD WRITE (CWR) . ...
CLEAR A (CLA)
CLEAR A, B (CAB) ... ..
CLEAR, ADD (CADy . ...

(BUN)

CLEAR, ADD ABSOLUTE (CAA)

CLEAR A, R (CARy ... ..
CLEAR A. R. B (CLT) ...
CLEAR B (CLBy ........
CLEAR LOCATION (CLL)

CLEAR R «CLIRY .......
CLEAR . B (CRB)

CLEAR. SUBTRACT

SU)

CLEAR, SUBTRACT ABSOLUTE (CSA)

COMPARE FIELD A (CFA)
COMPARE FIELD R (CFR)

DECREASE B. BRANCH (DBB)
DECREASE FIELD LOCATION (DFL) .
DECREASE FIELD LOCATION, LOAD B

DIVIDE (DIV
EXTRACT (EXT)

FLOATING
FLOATING

DIVIDE (FDhV)

FLOATING ADD (FAD) ... i
FLOATING ADD ABSOLUTE (FAA)

MULTIPLY (FMU)

FLOATING SUBTRACT (FSU)

FLOATING
HALT (HLTY . ........

INCREASE B, BRANCH (IBB)

INCREASE FIELD LOCATION (IFL

LOAD B LDB) . ......

LOAD B COMPLEMENT (LBC)
LOAD R (LDR) .. o'vvrns..

LOAD SIGN A (ISA) .........
MAGNETIC-TAPE READ (MRD)

“TIC-TAPE SCAN (MTC)

SUBTRACT ABSOLUTE

HANDBOOK
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MULTIPLY: (MUL) e o sumnmsmamenmy s o
NO OPERATION (NOP) .......
PAPER-TAPE READ (PRD)
PAPER-TAPE WRITE (PWR)
RECORD TRANSFER (RTF)
ROUND (RND) .........
SHIFT LEET ‘A TSLA)Y vcu e oo v s rie o e
SHIFT LEFT A AND R (SLT) ......
SHIFT LEFT A WITH SIGN (SLS)
SHIFT RIGHT A (SRA) . ................
SHIFT RIGHT A AND R (SRT) ....
SHIFT RIGHT A WITH SICN (SRS)
STORE A (STA) ...t
STORE B (STB) :
STORE P (STP) i ix os swivwvanms
STORE R (STR) . s vs vs weavsmsinn o o
SUBTRACT (SUB) v . . v
SUBTRACT ABSOLUTE (SUA) ......cvntn G S e SR ars
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