





































































































































































































































































































































































































































































































































































































































































































































































































8113

8113.1

8113

EDPM REPRESENTATION AND IDENTIFICATION OF BUSINESS ITEMS

The basic logic for establishing the format for a file of variable-length
items in an EDPM magnetic tape system is identical with that for manual,
punch card, or any other sort of file, Similarly, the logical operations
involved in handling a manual file are identical with those for handling
a tape file. The techniques vary because the nature of the processor is
totally differemt, but exactly the same operations and conditions must
be accounted for in both systems.

Characteristics of Magnetic Tapes and Processors Affecting File Formats.
Like any other type of data processors, EDPMs and magnetic tapes have

characteristics affecting the format of files to be processed. One of
the principal advantages of an EDPM, as compared with more conventional
processors, is its extreme speed and capacity for storing informationj
rather than being limited to a few counters (as adding machine) or a few
score {as a punch card tabulator or calculator), it has the ability to
retain a large number of characters--20,000 in the 705, 24,000 in Univac
II, and options in both equipments for still greater storage. They have
great flexibility in their aptitudes for transferring information around
inside the machines among other things, this means that an index number
doesn't always have to be "in card columns 10-24."

The magnetic tapes have special characteristics, also. Just as Kardex

or punch cards, they are nothing more than a medium for storing informa-
tion. At some point, the information contained in them is transferred
into the "memory"™ of an EDPM, where it is an exact character-by-character
image of the tape records there is an exact counterpart in the transfer
of information contained as holes in a punch card into the counters, re-
lays, selectors, etc., of some type of punch card equipment. The EDPM
differs, in one important respect, in its ability to juggle this "tape
image™ arcund as it sees fit.

Now consider the tape itself, and imagine a file of information stored
on it. Physically, it is a counterpart of a Kardex cabinet or a box of
punch cards. It has one important difference:s It's a physical entity
which can®t "lose” a piece of itself. 1In this respect, it is.unlike the
other two, in which it is possible to lose a card. It has other direct
comparisons. Just as a Kardex or punch card file can overflow a box as
new items are added, the tape can get "too fulls"™ the operation of tak-
ing a handful of cards and inserting them at the beginning of the next
"box" has its magnetic corollary in taking the end of one tape's infor-
mation and writing it on the beginning of another.

But a tape isn't packed solidly with information from beginning to end.
It stores its information in records or blocks which are separated by a
blank spaces the reason for this is that present-day memories, at least,
aren't big enough to hold everything we could pack on a reel of tape, so
the information stored is broken up into pieces of a size we can handle.
These pieces are called blocks or records, and their size varies with
different EDPMs. Compared with the information capacity of a punch card,
a block is much biggers compared with the capacity of a Kardex card, it
is usually smaller. In a punch card file, information is added and de-
leted by inserting and removing cardsji sometimes by replacing with a new
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8113.2

8113.3

card. The same thing occurs in a tape filej the big difference is that
the size of the block is bigger, and the additions and deletions often
mean "expanding' or "compressing"™ an existing block rather than creat-
ing one of completely new information. But the principle is the same.
And, just as adding enough punch cards eventually necessitates reassemb-
ling the boxes holding the file, so adding enough information to a tape
means reassembling them.

From the standpoint of file formats, of course, one of the salient dif-
ferences distinguishing them from punch card operations is the fact that
pieces of tape can®t get lostj the processor doesn®t need redundant in-
formation to identify successive sub-items and associate them with the
master portiony and, finally, the basic processing capacity and informa-
tion holding ability of the EDPM are great enough to remove the limits
(at least for practical purposes) of how much information any single item
can contain.

Tape Formats for Constant Length Items. If the items of a file are of
constant, or practically constant, length, they can be established in a
format of a specific number of characters or wordss all items are then
of the same length. Each data element is in a specific location or
"field" within the item. This is a direct counterpart of the typical
punch card layout, with the exception that the number of characters can
be much greater than 80 or 90. The size of the item does not need to be
an even sub-multiple of the tape block or records a 17-word item in a
Univac causes no difficulty. The fact that some items will be split be-
tween two tape records does not mean that an identifying index number
must be repeateds the EDPM isn't going to"lose™ a tape record and is
perfectly capable of holding two or three tape blocks in its memory.
This does not mean that the size of the tape block can be ignored com-
pletely in determining the most appropriate formats other functions of
which the EDPM may be capable should be considered. For example, the
multiple-tape "search™ feature of the DATAmatic system may make it ad-
visable to place one item in each tape block, even though the entire 62
words are not required. Similarly, limitations of the high-speed memory
transfer in the IBM 705 may make it advisable to group the largest number
of full items which can be contained in 1,022 characters, and not attempt
to write the maximum size tape block possible. These considerations, of
course, are caused by characteristics of the EDPMs and not of the tapes
themselves.

Tape Formats for Variable Length Items. More typically, the establish-
ment of an item format for a magnetic tape processor must recognize the
existence of a variable length item. Because the EDPM has no advance
knowledge of the length of any individual item, or of the types of sub-
items or the number of them that may be included, it is necessary to pro- .
vide, in some manner for three factors: (1) Where does the item begin

in memory? (2) How long (i.e., how many characters or words) is it?

(3) What sub-item does it include? The answers to these three questions
must be contained within the item itself, or must be capable of determi-
nation from something in the item. Thus, because the tape format is noth-
ing but a representation of the initial transfer of the tape block into
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the central processor, it follows that the tape format must contain
the necessary information to answer these questions. The following
paragraphs describe some of the techniques which have been developed
or proposed,

First, however, it may be well to state specifically a factor which has
been implied in the previous sections: The development of an item format
for a magnetic tape file is identical with that of the layout of input
and output areas in memory.

Word oxr Character Counts Contained in the Item. One method of keeping
track of variable length items is to include as a part of the master
portion a data element which is in the number of words or characters in
the item, This is placed in a fixed and constant position within the
master portion. As an example, consider an item format development for
a Univac tape file, It has a fixed master portion of eight words, and
may have up to 90 words or variable information appended to it; thus it
never exceeds 100 words in length. Two digits then can express the length
of any given item. For convenience, assume that they are the last two
digits in the third word of the master portions which word is of no con-
sequence as long as it is constant for all items.

' ERE XX-A 5 |6 | 7] 8 VariableéZSub-Item

L

Fixed Master Portion of Item

Now supposé that this item begins in word 13 of a Univac block this puts

the word count in word 15, Since we designed the item layout, .a know-

ledge of where the first word is located immediately enables us to find

the word which has the counter; the converse is also true. The word count
is a pair of digits indicating the number of words in the itemj in this
case, anything from 08 (no sub-items attached to the master portion) to -

98 (the maximum size p9331b1e) Suppose it is 23. This signifies that

the next item begins 23 words further along than the current item; because
the current item starts at word 13, the next starts at 36 (25 / 13). Like-
wise, it's also indica#ed by a word count, which is known to be in the third
word of the item, or in word 38. Thus the word count included as a part of
the master portion of the record can be used to modify addresses in an in-
struction sequence to enable us to "bootstrap"™ ourselves along the block

in memory. Each item contains an indication of how long it is, and con-
sequently tells us where the next item begins, It is not even necessary
that an item be contained completely within one block in the case of Univac,
which has a 60-word block, the calculation of the location of the next item
is always tested against 60; if the new address is greater than 60, the next
item is known to be in the next block. This is, of course, a programming
detail which really has nothing to do with the item layout, but is necessary

“because the EDPM cannot read an entire file into memory at one clip.

There are numerous variations of this basic technique. Because the master
portion of an item is always fixed in length, it is really not necessary
to include its number of words in the total gount; only the number of
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words in the variable sub-items is required. The various types of
sub-items may all be of different word lengths, in which case a word
count in each sub-item present may be used not only for the bootstrap
operation, but also to identify the particular type represented. In

a file consisting of extremely long items, it may not be possible to
include the total word count in the master portion, because memory may
not be big enough to hold an entire item at onces obviously, the length
cannot be known until the entire item has been handled. In this case,
the word count may be calculated only to advance the bootstrapping to
the next block, which contains another counter to permit another ad-
vancement, and so on.

This method requires continual address modification to advance through
successive items in a filejy the amount of computing time required to do
the modifications and test for the end of a tape record must be considered
in determining whether a single counter per item, or several, can be used.
Use of this method also requires that the word count be recalculated and
corrected every time the total length of the item is adjusted by addi-
tion or deletion of sub-items. It is, however, a commonly-used and
perfectly acceptable method of enabling an EDPM to keep track of where an
item begins and how long it is.

Coded Item and Sub-Item Identifications. Another possibility is to carry
over into EDPM practice the basic logic of "control punches™ used in
punch card operations. In this method, the master postion and various
sub-items carry identifying characters in specific word or character
locationss these serve not only to identify the particular piece being
examined, but also enable a program to substitute the length of the parti-
cular piece into an address modification routine to permit "bootstrapping"
through the file. This is always possible, because the format allocates

a specific number of words to each type of sub-item or to the master por-
tion. Thus a coded key might be placed in the first character position of
the second word of each piece of the items:

A I
mEmma |

Here the "A™ identifies the master portion, 8 words longi the "X" the
first variable sub-item of 6 wordss "Y' the second sub-item of 5 wordsj
and"Z" the third sub-item of 4 words. The method of using these codes
to progress though a file is somewhat different from the previous type
in technique, although the basic principles is quite similar. Suppose
the first "A'™ has been located. This is known to be an 8-word master
portion and hence the next key code lies eight words further along.

"It is not known what it is, but tests of the code against constant A,

X, Y, and Z characters stored as a permanent part of an EDPM program
enable its identification, which in turn not only tells us what the item
is, but--since the various sub-item lengths were initially established at
a fixed number of words for each type--how long it isj i.e., where the
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next piece of information begins. In the normal EDPM program, the
"bootstrapping" requires more computing time, because the advancement

is by master portions and sub-items, rather than complete items. The
logic of the technique is quite straightforward and this is a standard
wrinkle in the repertoire of any good computer programmer. It is ex~-
tensively used in Univac I installations, for example, although the
length of sub-items and master portions is usually either 2, 4 or a
multiple of ten words. The reason for this restriction has nothing to
do with the generality of the technique, but is based upon the fact that
Univac I has only two and ten-word internal transfer orders.

Key codes can, of course, be combined with word or character counts of
identify the pieces of information which comprise a business file.

8113.33 Key Words. An approach rather different is the use of key words to sig-
nify which parts of an item are present. Unlike the previous two methods,
this is generally limited in its applicability to fixed-word length EDPMs
such as Univac, and is useful not so much to indicate the number of words
present in highly variable files but to indicate which of a number of data
elements are present in a given master portion or sub-item. One of the
more or less undesirable features of magnetic tape storage is that formats
must be laid out in a manner similar to punch card fields, allowing for
entries which may not exist in some of the items. For example, in a
central stock control file, it may be desired to include for each warehouse
the quantity on hand, the amount on order, the total of back orders and a
summary of sales for the past three months--four data elements in addition to
the warehouse identification. For many items, there will be only One or two
non-zero entries at a number of warehouses, yet each sub-item must be filled
out with zeros to bring it to the constant size. An alternative approach
is to establish a key-word consisting of nothing but "1" and "O" entries,
each position corresponding to a given data element in the item or sub-
item. A "1" indicates that the corresponding element is present in the
recordj a "O" indicates that it is absent. Zero words are not included in
the item--only the significant entries. The sequence of "1ls" and™@s" in
the key word indicates which ones are included. For two reasons this sort
of technique has not gained much headway at the present time: (1) In char-
acter—coded machines such as Univac, only 12 data elements can be keyed in
one word, and many words might be required to key an extremely long recordj
and (2) the amount of programming necessary to analyze the key words and
manufacture addresses for desired data elements can get excessive unless
special address-modification and word shifting instructions are provided.

In an EDPM which is binary internally, this technique has definite possi-
bilities for some types of filesj the key words can be very few in number
because each binary bit can signify an entire word and binary machines
usually have bit-shifting and conditional transfer instructions so far
not included in straight business EDPMs. Some organizations having IBA
704s are contemplating the use of this technique in handling payroll jobs
on the 704,
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8420

WORD LENGTH IN ELECTRONIC DATA PROCESSING MACHINES

The "words," or basic units of information, comprising business records

are highly variable in length or number of characters. They range all

the way from a single character, usually information in coded form, to
several score =- a part description may require two or three hundred
characters. An analysis of a large number of business records indicates
that about two-thirds of all "words" are six or fewer characters in

length and most of the rest do not exceed twelve characters. As a

further note, "words'" greater than this latter length tend to be mostly
alphabetic or alphanumeric, such as names, addresses and noun descriptions.
Strictly numeric information seldom exceeds ten or eleven digits.

In order to be an efficient business data processor, an EDPM must be cap~
able of performing operations on these variable-length units of informa~-
tion. There are several methods of doing this and the choice of alternate
approaches has given rise, amongother things, to the present contro-
versial statements and assertions on the relative merits of "fixed" versus
"variable" word length in an EDPM. The purpose of this section is to
analyze some of the various logics which have been developed to permit

the handling of variable length business "words."

Most of the electronic computers and data processors which have been
built or announced are "fixed" word length machines, within the meaning
of the definition given in 8421, The major "variable™ word length
machines which have been developed are the IBM 702 and 705 and the RCA
BIZMAC. The different logics of these two major equipments (the 705 be-
ing little more than a slightly modified 702) involve only two of a
number of possible techniques which could be developed to handle "vari-
able" words. To limit the scope of this discussion, most of the comments
will be based upon the specific methods used in these two machines to
handle "variable length™ words, leaving out alternative methods which have
not yet been incorporated into announced EDPMS.

Sections 8421 and 8422 are concerned with more or less detailed aspects of
the subjects. The essential sales and procedural implications of fixed vs.
variable word length are contained in 8423, and a knowledge of the other

two sections is not necessary to make use of the information contained in
8423,
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8421

DEFINITION OF TERMS

Further discussion will be more explicit with a precise definition of
what is meant by "fixed" and "variable" word length. It should be noted
that the terms are generally used as describing characteristics or at-
tributes of an EDPMj instead of referring to "fixed word length" as a
noun, it is customarily an adjectival modifier, as in "fixed word length
machine.” The definitions are predicated upon this latter usage.

Basis for Clagssification. The distinction between a "fixed" and "vari-
able" word length EDPM is based upon the number of bits operated upon by
an instrugtion. This can be expressed in another way: The difference
arises from the number of memory accesses for operands required to exe-
cute one machine instruction. The term "memory access™ means the opera-
tion of setting up the internal switching circuitry to make one basic
transfer of information (binary bits) to or from memory. In most EDPMs,
such an access requires one basic machine cycle of timej in general, the
carrying out of one instruction takes an integral number of these machine
cycles. The definitions following will modify these statements slightly,
but the concept is still valid.

Fixed Word Length Machine. A fixed word length EDPM is one which per-
forms its operations on a constant and fixed number of binary digits,
called a word. Stated another way, all instructions requiring transfer
of information to and from memory always involve a fixed number of bitsj
the exact number is a part of the built-in logic of each EDPM and cannot
be varied by the user. In general, the memory access for one word takes
one basic machine cycle of time. The "word" may be a pure binary number,
as in most scientific computers, or a specific number of binary-coded
characters, as in most business EDPMs. The machine itself does not know
the difference and simply operates upon a known and constant number of
bits. '

Fixed word length EDPMs may be further subdivided into three categories,
depending upon the method of making memory accesses. The distinction is
in many respects technical, but a knowledge of the classes facilitates
understanding the reason behind the fixed word length concept.

Parallel Word Transfers. Some EDPMs access the entire word in parallelj
that is, the switching circuitry has enough "lines" to provide one for
each bit of the word and all bits are moved simultaneously. Typical
examples are the Univac Scientific {1103A) and the IBM Types 701-704-709.
All have a 36-bit binary word and make one access in one basic machine
cycle for the entire 36 bits. To be of this type, a machine must have a
memory of a form permitting simultaneous access to a complete word; for
practical purposes, this is limited at the present time to Magnetic core
and the obsolescent electrostatic storage devices.

Parallel-Serial Word Transfers. In this type EDPM, several bits are
accessed in parallel, but more than one such access is required to ob-
tain or deliver an entire word. All magnetic drum processors are of this
type; here the bits of each character are handled in parallel but the
successive characters follow one another in sequence. The Univac File
Computer and IBM 650 are in this category; the former moves twelve

Original 4/15/57



8421,.22

8421.22 (Continued)

characters in sequence (serially), handling the bits of each character
in parallel, while the latter does thesame thing for eleven character
codes (ten digits plus sign). In scientific drum computers, the in-
ternal language may be binary, in which case the bits moved in parallel
are some integral sub-multiple of the word length of the complete binary
worde In magnetic drum computers, the term "word time" is used to indi-
cate the basic overall time required to "access™ one complete word.

Magnetic drum EDPMs are of the parallel-serial type as a matter of
economy rather than technical necessity. They could easily be modified
to handle an entire word in parallel, but the additional cost of the
switching circuitry would add appreciably to the cost of the equipment.
Likewise, increasing the speed of accesses by a factor of ten or twelve
would be useful only if accompanied by faster operating circuits, which
again cost much more than circuits geared to the speed of character-at-
a-time access.

8421.23 Serial Word Transfers. In a few EDPMs, the transfer of the bits com-
prising a word is completely serial--that is, one bit at a time. This
type of transfer is typical of EDPMs having a so-called "circulating”
memory, in which the bits are available in a serial fashion only. The
outstanding example is Univac I3 1its mercury delay-line memory is a
serial type storage device, with the bits available one after another
as they go through the amplifying circuitry before being reintroduced
into the mercury tanks. In general, EDPMs of this type have an acoustic
delay line of some form as the high-speed memory.

8421.,3 Variable Word Length Machine. A variable word length EDPM is one which
performs its operations on a varying number of binary digits, rather than
a fixed number. Each character code of an operand requires a separate
memory access, each one requiring one basic machine cycle of time. The
number of accesses required to handle a complete "word" varies with the
number of characters to be handled; because this is usually indeter-
minate from the instruction itself, special provisions are incorporated
into the machine logic to signify the end of a piece of information.
Although there are numerous methods of accomplishing handling of vari-
able numbers of characters, only the two equipments which have the
feature are discussed.

8421.31 IBM 702/705 Version. It might be more correct to refer to these equip-
ments as having "variable field length" rather than "variable word
length." IBM's variable word length concept, as exemplified in the 702-
705, is identical with the standard meaning of variable fields in punch
card methodology. Once a field size for a given word has been estab-
lished, that word is always handled in the predetermined length.

The 702 is strictly serial-by-character in:all memory accesses. The 705
does have a five-character fixed word length transfer for access to in-
structions and for the high-speed memory transfer; in both instance, the
full 35 bits of five characters are obtained and moved in parallel, using
the same switching circuitry. With these two exceptions (the first of
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which is beyond control of the programmer), the 705 is a purely serial-
by-character processor.

8421.32 BIZMAC Version. The BIZMAC performs its operations on a character-by-
character basis, similar to the 702/705, with one significant difference:
Under certain conditions, an operation can be stopped as soon as all
significant characters of a word have been operated upon. As an example,
a seven-digit numeric field might contain, in a record, an entry "0000012,"
which is to be added to something. Only the last two digits are signi-
ficant and BIZMAC can stop an operation as soon as they have been pro-
cessede This is variable word length processing taken one step farther
than the IBM equipments. The use of this feature requires that non-
significant zeros and blanks in variable length fields be changed to
"item separators"--special character codes having no other meaning. The
BIZMAC makes successive memory accesses, one character at a time, until
an item separator is encountered; this stops the operation regardless of
the field size. If no separators exist, the specified number of charac-
ters are processed. Item separators must be inserted by programmed in-
structions; they are not generated automatically as a part of machine
operations.

8421.4 Instruction Execution Times. In a fixed-word length EDPM, each instruc-
tion requires a specific time for execution; this time never varies be-
cause the operation is always performed on an identical number of char-
acters. (There are, of course, some instructions, such as shifts, which
require varying execution times). The execution time is almost always an
integral number of basic machine cycles; different types of instructions
require different numbers of cycles and similar instructions in two dif-
ferent computers may differ in the number of cycles required. For in-
stance, in Univac I and II, which have similar logics, the transfer of
one word from memory to a working register requires three basic cycles
(excluding latency time in Univac I): (1) One cycle to obtain the in-
structions; (2) one cycle to interpret the instruction and set up the cir-
cuitry to perform it; and (3) one cycle to obtain the operand from memory
and place it in the register. Some EDPMs do this in two cycles, the
first two steps being combined into one.

A variable word length EDPM has execution times dependent upon the number
of characters involved in an operand. The total time is the sum of a
constant time necessary to obtain the instruction, interpret it and set
up the circuitry (usually two or three basic cycles), plus one cycle for
each character operated upon.
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8422 SIGNIFICANCE OF WORD LENGTH IN AN EDPM

From the user's standpoint, whether an EDPM is of fixed or variable word
length in internal operations is of purely academic interest. He is--or
should be--interested primarily in the amount of productive work per dol-
lar which the processor can deliver. To the extent that the word length
in an EDPM affects total processing time and cost, it is a question of
direct interest to him. In this section an attempt is made to outline
the principal implications of fixed word length machines and the 702/705
and BIZMAC versions of variable word length.

8422.1 The User's Point of View. The EDPM user is interested in the equipment
solely as a tool capable of doing productive data processing. His yard-
sticks are cost and time of doing accurate and useful work. The factors
allocated to cost and time include, obviously, the total charges of the
equipment and its operators, but also encompass "set-up charges"--in the
case of EDPMs, programming and coding. .

The performance of productive work by an EDPM involves the time spent in
internal data handling and necessary machine housekeeping-such things as
additions, subtractions, comparisons, data transfers, instruction modifi-
cations, etc. In addition, it embraces the time required to move in-
formation into the processor to be worked upon and that necessary to
transfer completed work into output storage devices; 1in today's data
processors, this is tantamount to saying "tape read and write time."

The effect of word length insofar as it affects the ability of the EDPM
to do productive work is of legitimate interest to the user. Academic
discussions of abstract theory belong in research, not in a computer in-
stallation.

8422.2 Implications of a Fixed Word Length EDPM. In this section are listed a
number of statements of fact and certain operational considerations per-
taining to data processing on a fixed word length machine; these are
basically uncontroversial.

l. The word length should be long enough to contain the large majority
of business data elements; it is desirable to minimize the number
of double-word (or "double-precision™) instruction sequences. Word
lengths of 10-12 digits or characters, and particularly the latter,
meet this requirement.

2. With a given number of digits assigned to the address portion of an
instruction, the EDPM memory holds several times as many characters
as the maximum possible address. For example, the 12-character word
and 4-digit instruction address of Univac II make possible a total
of 10,000 words, or 120,000 characters.

3. The working registers of the EDPM--such as Univac's rA, rX, rF and

© rLe-can all be of one-word capacity; this is possible because the
maximum number of characters which must be operated upon by any one
instruction is pre-determined and constant.

4. The most efficient use of memory requires that short data elements be
combined, several to one word. Otherwise, there is inefficient use
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of the space available for storage of information to be processed.

5. The most efficient use of input-output facilities also requires that
short data elements be combined into a word. Unless this is done, a
significant percentage of the information on magnetic tape may be
"padding," contributing nothing to production and decreasing the ef-
fective rate at which information can be read into and written out
from the processor. Ideally, the information placed on tape should
consist entirely of useful information with no padding.

6. The combining of several data elements into one word necessitates
"extracting” specific ones when they are required in the processing.
This means that "extract patterns” must be stored in memory, using
some of the available storage capacity, and instructions must be
placed in programs to move the extractors to working registers. The
latter requirement takes some memory space for instructions and some
computer time for their execution.

7. A single data element contained in two different records may not be
located in corresponding character positions of the two words con-
taining them. In this case, shifting of one is necessary before such
operations as comparison or addition can occur. The shift instruc-
tions take memory space and computer time,

8, Because of the existence of the possibility just mentioned, it is
desirable to place data elements which must be added or compared
in corresponding character positions of their respective words. This
requirement introduces another element which must be taken into ac-
count in the establishment of file formats.

9. Because arithmetic operations are always performed on a fixed number
of digits, the handling of the sign poses no problems. As a matter
of fact, it can be assumed to be positive unless a specific "minus"
character code is included.

This 1list is not exhaustive, but includes some of the more important as-
pects applicable to a fixed word length EDPM.

8422,3 Implications of the 702/705 Variable Word Length Method. In this section
are listed a number of statements of fact and certain operational con-

siderations applicable to the specific method chosen by IBM to obtain
variable word length on these two equipments. Like the foregoing, it is
not exhaustive.

1. With a given number of digits assigned to the address portion of an
instruction, the EDPM can contain only as many characters as can be
expressed by that number of digits. With the 4-digit instruction ad-
dress of these equipments, IBM has overcome the 10,000-character
limitation only by resorting to use of the zone codes in one digit
of the address to achieve an increase to 40,000,

2. Because there is no indication in the instruction of the number of
characters to be operated upon, special provisions are necessary to
signify when an operation has been completed.
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3.

4.

Se

6.

a. Arithmetic operations are terminated by a non-numeric character
at the left of the field involved. Because it is not always pos-—
sible to locate the number in a position which has an invariably
non-numeric data character in the required place, it may be
necessary to put an otherwise unnecessary character (usually a
blank) in the position. The various working registers auto-
matically adjust themselves to the size of the operands.

be The transfer of non-numeric information between memory and the

working registers is terminated by a special character code "set-
ting" the register size. This requires either that special in-
structions adjusting the register to the specified size be in-
cluded in programs, or that one of the auxiliary storage registers
be permanently set aside for a specific data element length. The
method chosen by IBM also requires that different instructions be
used to move non-numeric data than are used for those involving
arithmetic operations.

Because the number of characters to be operated upon varies, registers
in the 705 are much larger than those in a fixed=-word length machine,
It contains one of 256 positions, one of 32 and 14 of 16. It is
necessary for instructions to specify which register is involveds; the
means of accomplishing this uses the zone code positions of two digits
in the address part of the instruction.

In the 702/705, arithmetic operations in the registers strip the zone
bits from the character codes. Because the address portion of the
instruction uses the zone code bits in three of the four digit posi-
tions, addresses can be modified only by the "add to memory" instruc-
tion. Comparison of address limits for exits from loops requires con=-
stants equal in both the numeric and zone portions to the particular
address being tested.

In EDPMs, arithmetic operations are performed in the same method used
by human beings--from the units position to the left (This is done to
simplify the handling of "carry" digits). Because the 702/70% secure
only one digit at a time from memory, it is then necessary that the
sign be obtained with or before the units digit. IBM has chosen to
indicate the sign with the zone code bits of the units digit. In ef-
fect, the units digit is identical with an alphabetic character: A
through I for a plus sign, J through R for a minus. Instructions are
necessary to be sure that the units position is "signed,™ and more
are required to remove the sign when final output information is be-
ing prepared. These instructions require memory space and computing
time.

All memory accesses in the 702 are character-by-character, including
those for instructions. As a result, the machine is quite slow, de~
spite a 23 microsecond cycle time. The 705 was modified to provide
parallel access to instructions; the same circuitry is used for the
so-called "high-speed memory transfer," but for nothing else.
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7. Because the units or addressed position of instructions involving
memory accesses is always matched up with the "units" position of
the specified working register, no attention need be paid to the
relative locations of two corresponding data elements in two dif-
ferent files.,

8., Because the word length is variable, within the limits of maximum
register size, only one instruction is required to perform an opera-
tion on any number of characters., "Double-precision"™ operations
required in fixed word length machines are avoided, saving some in-
structions and, possibly, some computer time.,

9. Although not specifically a part of the variable word concept, the
restrictions surrounding the use of the "high-speed memory transfer™--
which is an almost mandatory method of moving data inside the 705--
must be considered in setting up file formats., One effect is to in-
crease the number of non-significant "blanks"™ terminating operands
involved in arithmetic instructions.

Implications of BIZMAC Variable Woxd Length Method. Although the BIZMAC
is subject to some of the comments applicable to the 702/705, the basic

use of variable word length is quite different. In this equipment, not
only can field sizes vary in length, but different elements within one
field can be handled to eliminate non-essential zeros and blanks. The
principal implication of the method of using "item separators" is the fact
that they are not generated automatically, but must be program-inserted.
In addition, even though two operands in an arithmetic instruction may
have separators to terminate the execution cycles, no separator is placed
in the answer; it also must be programmed.

Internally, the use of variable length words in BIZMAC requires a rather
considerable amount of programming., There is some question as to whether
the technique was adopted for internal reasons; the separators are used

to "compress"™ information stored on magnetic tape. That is, only the sig-
nificant digits or characters plus one separator of each variable-length
word are written on or read from tape. The method adopted does introduce
some programming to place succeeding elements read into memory locations
which are known.
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COMPARISON OF FIXED AND VARIABLE WORD LENGTH EDPMs

From the comments of 8422, it is evident that both fixed and variable
word length EDPMs have both advantages and disadvantages. Where the
fixed word Univac requires extractors and instructions to use them, the
702/705 "signing" of arithmetic operands or setting of register lengths
and the instructions to do these things, and the BIZMAC needs item sep-
arators with the instructions necessary to place them. Where Univac re-
sults in some "padding” to fill out occasional words or to expand an item
into a whole number of words, the 705 introduces "padding" to terminate
arithmetic fields or to fill items out to a multiple of five characters
(to use the "high-speed memory transfer"). Any comparison of the rela-
tive merits of fixed versus variable word length, as exemplified by these
equipments, must consider not only the time required to execute any one
instruction, but also the time required 1o get readv to execute it. It
must go even beyond thisj; the effect on input-output time is of definite
importance.

An impartial evaluation of the relative merits of fixed word length, as
used in Univac II, and variable word length, as in th 705, is literally
impossible to make. There are too many ramifications which almost in-
evitably enter into consideration and are often only partly related to
the word itself. Similarly, the application under discussion is import-
ant; completely different concilusions can be derived simply because of
differences in data element sizes, processing requirements, the number
of inputs, and the number and type of outputs. As a typical case of the
seemingly remote factors which must be taken into account, consider this
one simple facet: Univac's fixed word length would be of vastly differ-
ent significance if the card-to-tape converter and the high speed printer
did not have plugboards. With them, several short data elements in one
word present no particular problem; control panel wiring can scramble or
unscramble them as desired: With them, internal editing often consists
ofnothing more than a pair of V-W instructions moving several adjacent
words, each of which may have two or three data elements3 without them,
more internal instructions would be required to facilitate data edition.
This is precisely what occurs in the variable word length 705, which does
not have a printer plugboard. Yet, seemingly, control panels have no
direct relationship to how Univac or the 705 operate internally.

What can be attacked--and highly successfully —- is the approach that
variable word length is an end unto itself —— a sort of "sacred cow" of
data processing methodology. Yet precisely this concept is all too often
encountered. What also can be attacked is the implication that only the
variable word length machine has the "miraculous" ability to handle data
elements of variable sizes. Univac, with its fixed word, is fully as
capable as the 705 of handling variable length data elementsj the mere
fact that Univac does it in a different manner and uses different in-
structions does not mean that it lacks the ability. One simple fact 1is
often overlooked -- The logic of a fixed word length EDPM is such that

it operates upon all the characters of a word, or any part thereof, in
exactly the same time. As long as it has the ability to isolate a part
of a word from the remainder, it can handle variable length data elementse.
Virtually all fixed word length EDPMs have this ability through "extract"
or "buffing" features.
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In a similar vein, neither is fixed word length an end unto itself. It
is simply one technique--and a highly efficient one--of internal EDPM
operations. The fact that these are done on a fixed number of characters
does not mean that data elements must be of that fixed size. After all,
a data processing machine intended for business applications would be
rather ill-designed if it assumed they were.

At this point, the question may be raiseds "Yes, the statements you
have made are all well and good. But they are--and I think you will
agree--rather general. What I want to know is this: What can I do to
show my 'brainwashed' prospect that variable word length is not sacro-
sanct?" Now this is a perfectly legitimate query. It must be conceded
that specifics are easier to sell than generalities. Are there any of
these "specifics?" In the vernacular of the day, "You betcha."”

Before considering some of these detail points, let's iterate one thing.
We are selling a data processing gystem—-—and a darned good one. We are
not selling either fixed or variable word length, and they are important
only insofar as they affect how "darned good" our products are. This
point should always be kept uppermost in mind. Now for some brass tacks.

What Equipment Is the Competition Proposing? Our principal compétitidn”
in the EDPM field is coming from International Business Machines Corpora-

tion. 1IBM also happens to be the source of most of the claims for the,
desirability of variable word length. And IBM also happens to make fixed
word length machines and to propose them as efficient data processors.
Here are the three major classes of equipments IBM is proposing for data
processing, with approximate monthly rental ranges:

Type 650 $ 5,000 - $14,000 monthly Fixed Word Length -
Type 705 24,000 - 40,000 " Variable ‘Word Length
Type 709 50,000 and up " Fixed Word Length

Needless to say, IBM claims all of them are the most efficient data pro-
cessors there are in the respective price ranges.

This simple three-line listing leads to an obvious conclusion: IBM
preaches the "advantages" of variable word length only if the prospect
is a potential 705 user. Their salesmen are not even going to mention
the word "variable" if a potential 650 or 709 sale is impending. To be
blunt, IBM talks "variable word length"™ only to 705 prospects and only
because the 705 happens to have it. This is, of course, a common and
accepted sales approach--seize upon something you have that the competi-
tion doesn't and stress its importance.

The use to which this can be put varies with potential customers; the
Univac salesman is the best judge of how to turn this fact of the IBM
line to our advantage. A few possibilities are listed.

To a 705 prospect--which means our proposal involves a Univac II--it may

be apropos to point out IBM's own inconsistencies and apparent uncertain-
ties. If variable word length is so awfully attractive, why don't the
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650 and 709 have this feature? If variable word length makes the 705
a better data processor, why would the same thing not hold true with
the others?

Perhaps IBM may claim that the volume of work to be performed on a 705
makes variable word length more desirable. There are least two good re-
buttals to this. For one thing, small volume applications often require
just as many different types of operations as the large ones3 there are
as many types of calculations in a 1,000~-man payroll and labor cost
distribution as in a 50,000-man one. The only difference is that the
latter has 50 times as many repetitions. If variable word length per~-
mits a job to be done faster on the 705, the same thing would hold true
for the 650, Secondly, if variable word length is desirable to permit
more work to go through the 705, it would be even more desirable on the
709, which supposedly can handle even more volume.

Or IBM may observe that the logics of the three EDPMs are different, and
only the 705 can profit from variable word length. The obvious retort:
"Why are they different?" Data processing is data processing and many
typical business functions invlove pretty much the same number of differ-
ent operations, regardless of volume. Or does the volume of work change
the logic of a machine? If so, why is the small machine fixed word, the
medium variable 4, and the large fixed?

Ifnternal Processing of Data Elements. The advocates of variable word
length EDPMs lay heavy stress on the fact that this feature permits

short data elements to be handled more rapidly than long ones. Why take
the time to handle twelve characters when the element only has two?

A little later, some general remarks will be made about the veracity of
this statement. Right now, consider a few specific factse.

Processing Frequency of Various Sized Data Elements. About two-thirds
of business data elements are six or fewer characters in length. This is

generally true, but a more pertinent point is this: What is the frequency
of processing data elements of varying lengths? It may be perfectly true
that a given business item has 80¥ of its data elements three or fewer
characters long. To conclude from this statement that 80% of the work
done involves elements of three or fewer characters is a totally unwar~
ranted assumption. 90% of the work may be done on elements of ten or
twelve characters. If this is the case, the "attractiveness" of variable
word length largely vanishes. If there is any advantage to variable word

length machines, it arises only when the average item processed is fairly

short.

A number of frequency studies have been made on the number of characters
in operands from typical Univac I programs. Unfortunately, these are all,
so far as known, static countss a program is taken and each instruction
is entered as a spread-sheet tally according to the number of characters
in the data element it is working on. Much more pertinent, and necessary,
is a dynamic counts that is, a breakdown of the number of characters
operated upon counted once for each time an instruction is executed in a
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machine run. The fact that an exception routine has 22 instructions
operating upon elements of one or two characters is not particularly sig-
nificant if that routine is used only twice in a 50,000-item master file
process. As a further note, some of the static counts include "house-
keeping” instructions--such as those to modify memory addresses——and thus
do not afford a reliable picture of even the static frequency of instruc-
tions operating upon data. And, finally, counts of the lengths of data
elements made from Univac~-or 705 or File Computer or 650--programs are
subject to one other restriction which may partially invalidate their
significance: To some extent, the "field size" of a data element is sub-
Jject to numerous considerations other than central computer processing,
and may be shorter or longer than necessary to facilitate periphery opera-
tions.

Although the factors outlined above restrict our detailed knowledge of
the effects of variable data elements, some specific comments can, none-
theless, be made.

Tape Limited Processing. So long as an EDPM is in a tape-limited process,
the actual computing time required to do whatever is necessary 1is prac-
tically immaterial. If a tape input/output rate of 1,000 characters every
50 milliseconds is the 1limit that can be achieved with the tape units in
use, it i1s immaterial whether the processing on that 1,000 characters
takes 45 milliseconds, or 5. There is no gain in processing speed by
increasing the amount of time the main frame is "spinning its wheels."

How much time does the average EDPM spend in this status? Well, on Uni-
vac I, about 50%. On Univac II, it is estimated that 65% of the time in
an average installation will be tape-limited.

Now this may be countered by IBM by noting that the 705 is "so fast" in-
ternally that it can use two or three Type 777 Tape Record Coordinators
and handle several sets of tapes simultaneously. This is perfectly true.
It can. And it is still slower than Univac II with its one faster set
of input-output buffers and tapes. It also costs more. The proof of
this is developed in detail in Section 1180-1189.

Computer Limited Processing. Although there is no gain by speeding up
computational speed when the machine run is tape limited, it would be an
advantage in the computer-limited runs. The claim is that the 705 can
do this with its variable word length instruction execution. In some
cases, this quite possibly is the case. However, let's consider some

of the typical cases which are computer limited.

Some sort-merge operations are in this class, particularly with fairly
short items., Aside from the tape-handling sequences, this type of run
involves three basic phases: (1) Comparison of index numberss (2) modi-
fication of addresses; and (3) internal transfers of items. The last

has nothing to do with the length of words. How about the first two?
Index numbers tend to be longer than "average" data elements; they are

not often less than six characters, and such common indices as names,

part numbers, customer account numbers, social security numbers, job order
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or project number, etc., run anywhere from eight or nine up to 24 or
more characters. And in this range the 70% takes as long as Univac II
to handle an operand.

Consider address modification, which is common in sort-merge routines.
Both Univac II and the 705, for example, have four-digit addresses. The
fastest Univac modification is a "B" and "AH" pair of instructions, which
take a total of 360 microseconds. The 705, using a "Load" and "Add to
Memory" pair, takes 204, which is obviously faster. Furthermore, it may
be possible to keep the modifying increment in an auxiliary storage
register and reduce the time to 102 microseconds. The 705, then, is
definitely faster than Univac II by better then three to one. Of course,
this conclusion overlooks the fact that I can modify two addresses in
Univac in the same amount of time--and, surprisingly enough, both addresses
of a V=W pair to move an item to its proper place may be involved, de-
pending upon the exact sort-merge technique followed. Furthermore, it
neglects to consider that limit tests on the new address are necessary-—-
and Univac may do this with generalized overflow. The 705 won't-—at a
minimum, two more instructions ("Compare™ and a conditional transfer),
totalling 136 microseconds, are required. And it may take more if con-
stants can't be contained in one of the auxiliary storage registers.

(one of the baffling aspects of competitive proposals is how IBM assumes
that)l5 auxiliary storage registers can hold 60 or 80 constants at one
time). ’

Another common type of computer-limited process is a payroll and labor
cost distributions;, in terms of processing requirements, such functions

as insurance premium and cash value determination, public utility customer
billing and accounting, and inventory analysis are similar. What are the
sizes of data elements involved? To be sure, some comparisons on one-or
two-character codes, but the bulk of computer time (aside from transfers
into and out of working storage and address modification) is spent on
arithmetic operations: Multiplications of two factors ranging from three
to six or seven digits to arrive at rounded products of from five to nine
or ten digitsj; testing of answers of six to eight digits against limits

of the same sizej accumulating a wide variety of totals ranging from six
to ten or eleven digits in length. Much of the computing time is spent

on medium to fairly long length data elements, not on extremely short
ones. Of course, the fact that Univac can deliver a rounded product as
desired, whereas the 705 cannot, possibly 1s unrelated to word length; the
fact that it is fairly easy to build in this facility with a fixed word
length machine and a good deal more difficult in one with variable word
length does have a difinite effect on comparative abilities to arrive at
required answers.

Likewise foreign to fixed versus variable word length is the fact that
Univac gives correct answers because of its self-checking circuitry.

It is understood that some auditors have acquired the habit of insist-
ing that accounting procedures provide for accuracy; although this re-
quirement likewise is unrelated to an EDPMs word length, it has an ad-
verse effect on the 705's ability to deliver reliable results.
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Relationship of Word Length to Item Length. A business item (record, in
IBM terminology) consists of a number of data elements of varying lengths

and items within one file typically are of variable length. 1In the es-
tablishment of file formats it is necessary to consider not only the
method by which the processor handles variable length data elements, but
also the means available to transfer information internally to reassemble
a new master file, taking into account expansions and contractions, or

to reassemble various pieces of several files into a new output--say,

one for printing.

In the 705, IBM has utilized one version of a variable data element or
word length machine--and at the same time made it somewhat awkward to use
with variable length items or records. The 702 was strictly a variable
word length machine--every instruction, every operand and every transfer
was obtained and moved character by character. To be more precise, the
702 might be called a machine with a fixed word length of one character,
with instructions operating on successive "words" until something stops
the cycle., With the 705, IBM recognized that this character by character
access--in other terms, their "variable word length"--was not always a
desirable attribute. For example, every EDPM instruction must be obtained
from memory and, because it is always of fixed length, why not obtain it
in one memory access instead of several? So they did--put in a five-
character access line, By doing this, IBM admitted that variable word
=length was no panacea. But they went even further--they put in hardware
to use this same five-character access line to speed up internal memory
transfers.,

Well, the choice made gears memory transfer to a record or item, and
imposes restrictions on the item format. The basic difficulty is that
the use of the five-word memory transfer, when variable length items are
being handled, involves a lot of address modification and associated
limit tests, all of which take instructions and time. Moreover, it can't
always be used, particularly in assembling bits and pieces of several
items into a new one, necessitating slow character-by-character movement.
(This is discussed in detail in the sections on the Type 777 Tape Record
Coordinator, 1180, and the 705 central processor, 5140). They have gone
even farther, input from and output to tape is also geared to records
and iIs most efficient when all tape blocks are the same size., 1In effect,
they have built an equipment which operates internally on variable

length words, in part, but is used most efficiently with fixed length
items,

Now consider Univac. Its internal operations on words, its method of
making memory transfers and its systems of storing information on tapes
are all completely independent of data element or item size. It handles
fixed or variable words and fixed or variable items with complete im-
partiality and flexibility.

Now the fact that an EDPM operates internally on a variable word length
basis may seem only remotely connected to memory transfers or storage
of information on tape. In theory, this may be true, but we are selling
hardware against hardware, not theory. In attempting to overcome certain
weaknesses in a completely variable word length machine, IBM has limited
the effectiveness of the 705 internal memory transfer and seriously re-
stricted flexibility, and increased the processing time, of magnetic tape
files,
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8423.4 - Does Variable Word Length Provide Faster Internal Processing? The pro-
ponents of variable word length claim that processing is faster because

instructions operate only upon the specific number of characters in a
data element. It is obvious, they claim, that a comparison on a one-
character element is faster if the equipment looks only at that character
than if it handles a full word of, say, 12 characters. How valid is this
claim?

Before considering the facts, a precautionary word should be noted. It
is unfortunate that, throughout the EDPM field, comparisons between two
or more equipments are made on the superficial and totally inadequate
basis of a single instruction execution time. As always, the true mea-
sure of a data processor's efficiency is its cost of doing a certain
amount of productive work. One EDPM, for example, may be able to execute
individual instructions twice as fast as another. But if it takes three
times as many instruction executions to perform a given process, it rather
obviously is not the faster machine. The types of instructions pro-
vided are at least equally important with the speed of their individual
executions.

Although the generality of the conclusions is subject to restrictions for
these reasons, it is possible to analyze, at least in part, the validity
of this claim. For this purpose, let us consider existing equipments
with known characteristics, rather than attributes which could be in-
cluded in an electronic data processor, but haven't been.

The equipments to be used are Univac II and the IBM 704 and 705, all of
which are single-addressed EDPMs. Of these, only the 705 has the so-called
"variable word length." Let us look at the times required to execute

the addition instructions in all three equipments, this instruction ob-
tains an operand from memory, adds it to the contents of a register and
places the sum in the same register. The following tabular presentationg
with times in microseconds, is applicable:

Factor Univac II 704 705
Word Length (characters) 12 36 bits Variable
Basic Cycle Time 40 12 17
Cycles to Perform an Addition 5 2 . 24N

Some interesting conclusions can be derived. The logics of the equipments
differ in terms of the basic cycles required to complete the addition.

The 704, which has the fastest cycle, requires only two of them to add
two 35-bit plus sign numberss; this is equivalent to ten or eleven decimal
digits. The 705, which has a basic cycle about 45% longer, can add two
one-digit numbers in 51 microseconds—-more than twice the time required
by the 704. It takes 204 microseconds to add two 10-digit numbers--700%
longer than the 704, although its cycle rate is only 45% longer.

Now compare Univac II and the 705. Univac's cycle rate is 135% longer.
And quaintly enough, Univac's addition time for a three-digit number is
almost exactly 135% more than that of the 705. And this leads directly
to a pertinent observation: In adding anything over three-digit numbers,

the 705's faster execution time is due not to its variable word length
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but to its faster cycle time. Or take Univac's "Bm" instruction, which
loads one word into rA in 120 microseconds or three basic cycles, with
the 705's "Load" order, which moves one character into an accumulator

in 51 microseconds. and succeeding characters in 17 microseconds more
each. Univac's time is almost exactly 135% more than the 705's time

for one character; in other words, for many comparable instructions, any
apparent speed advantage of the 705 over Univac is due solely to its
faster cycle rate, regardless of the number of characters moved. And it
might be added that the 705's actual time is greater if more than five

characters are involved.

A number of studies have been made of the comparative speeds of Univac

II and the 705 in executing actual operating instructions. These indi-
cate that, on the average and instruction for instruction, the 705 can

go through about 27 - 25 instructions to one for Univac. It may only be
coincidence that Univac's cycle time is about 2 1/3 times that of the 705.
Whether it is or not, one conclusion is inescapable: The fact that the
705 has a faster instantaneous instruction execution rate than Univac II
is traceable almost exclusively to its faster cycle times the variable
word length feature is only a contributing factor of must lesser import-
ance.

The statement in the previous paragraph of the relative instruction exe-
cution rates of Univac II and the 705 should not be misconstrued; it is
based on individual instructions. Interpreting it to mean that the 705
can do 27 - 2% times as much work as Univac II is completely unjustified.
And fallacious,. ’

Programming Ease. In theory, there should be no difference in the pro-
gramming ease or difficulty of a fixed as compared with a variable word
length EDPM. 1In actuality, the particular gimmicks incorporated in both
the 702/705 and BIZMAC make them more difficult to program than Univac.
With the 705 particularly, the incidence of clerical errors in coding ap-
pears to be much higher than that of our own equipments. This is not
Remington Rand Univac opinion., It has been stated by several independent,
and impartial, management consultants who have had occasion to analyze

the operations of the two equipments. The section on the 705 central
processor discusses this aspect in more detail.

What Is the Future of Variable Word Lenqth Machines? The remarks of
8423.4, coupled with the fact that IBM--as the major exponent of variable
word length--is proposing EDPMS of both types for business data handling,
naturally give rise to the question: "What type of word length will the
EDPM of the future have?" This is a perfectly valid request for a cus-
tomer to make; it is indeed somewhat confusing for one manufacturer to
extol the virtues of both types, and to do it simultaneously.

Any attempt to forecast the future is risky. It is particularly hazardous
in a fied which has been progressing as rapidly--both technically and
operationally--as that of electronic data processing equipments. The de-
velopment and perfection of new techniques, availability of improved com-
ponents and circuitry, perfection of faster hardware and the lowering of
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production costs of components and circuits are of such frequent occur-
rence as to be prosaic. From the product planning aspect, the knowledge
and experience gained from existing computers, coupled with technical
developments, resulting in system concepts unthought of or impracticable
only a short time ago. Although it cannot be expected that the rate of
growth and improvement will continue indefinitely at the pace of the last
few years, there is no present indication of an immediate slowdown. And
so, because sudden breakthroughs on the research front--both technical
and logical--may open up completely new avenues for exploration, a look
to the future--even the relatively near future--becomes pretty much a
"crystal ball" process.

But for what it's worth, one person's thoughts for the very shorth term--
say three or four years--follows. The 705 and BIZMAC are the last of the
equipments which will have variable word length of the type they represents
modified versions may come out, of course. This statement refers to the
large-scale, million-dollar class of machine and is based upon this line
of reasoning. Magnetic core storage appears to be the principal type
which will be used in this class equipment for the next few years. Al-
though constant speed and cost improvements are being realized, it still
represents a fairly expensive cost-per-bit storage medium, and the cost
increases rapidly as the "speed" of the cores is increased; here "speed"
means the rapidity with which successive accesses to storage can be made.
Existing core storage units use what is called "destructive read-outj;"
that is, the information in the cores is destroyed when it is read and
must be restored or "regenerated" to keep it available. Consequently,
the memory access time, usually equivalent to a basic machine cycle, is
in two parts: (1) The reading phase, at the conclusion of which the bits
are available in the working registers of the equipment; and (2) the re-
generation phase. Cycle times of 12 microseconds are available today,
and this may be cut’'in half, at no additional cost, in the next two or
three years. Today, storage of this speed represents a selling price

of about one dollar per bit, not exactly inexpensive,

Considerably faster storage devices can be built today, but the cost-
per-bit is prohibitively expensive if any volume is involved. They are,
however, not so expensive that a few of them can't be used as the work-
ing registers. - This is what is done in Univac II, the Univac Scientific
and the IBM 704 and 709. These processors consist of large core storage
memories of (relatively) slow speed and a few much faster registers—-
.faster by a factor of possibly ten to twenty. Consequently, it becomes
feasible to develop a computer with instructions executed along these
lines: (1) Obtain the instruction during the first half of the basic
cycle and move it into the high-speed instruction register; (2) in the
next half-cycle, "regenerate" the instruction in memory and simultaneously
decode it in the instruction register and set up the necessary circuitry
for executions (3) in the next half-cycle, obtain the operand from
memory; and (4) in the next half-cycle, regenerate the operand in memory
and simultaneously process it in the high-speed registers. This is the
essential cycle in the Univac Scientific and the IBM 704 and 709. Now
it is evident that so long as two memory accesses are required for the
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instruction and the operand, there is actually a loss of processing speed
if the equipment secures operanda character by character when it is fast
enough to operate on several characters during the necessary regeneration
half-cycle. As long as the present methods of using magnetic core storage
exist, fixed word length operation will be much faster than variable, even
allowing for instruction time which might be necessary to handle extrac-
tors for data elements shorter than the word length.

Of course, progress is being made on cheaper methods of assembling mag-
netic core matrices, on cores which can be operated at higher rates of
speed without a cost increase, and on methods of non-destructive readout,
which will eliminate the need for regeneration. Although the availability
of these improved mass storage units may change present concepts, it ap-
pears that, at least for the immediately foreseeable future, a large-
scale data processor can economically include a few working registers
capable of operating at speeds several times as great as the memory. If
this condition prevails, fixed word length operation probably will pro-
vide the faster processing.

The foregoing comments may assist in placing the variable word length
702/705 in an historical perspective. Their basic logic was settled
several years ago, at a time when IBM was using electrostatic storage as
the high-speed memory. Just why the character-by-character access of the
702 was adopted, when a similar type memory used a full word access in the
701, is not known; it may well have provided an economic technique at the
time. Memory switching requirements are somewhat less and registers can
be slower than a fixed word length machine, Thus it may well have been
that consideration of available techniques and costs of achieving them
were highly important criteria in settling upon the single character mode.
Certainly the fact that IBM is building both variable and fixed word length
processors indicates that there is within the corporation no unanimity of
opinion that variable word length is best for the user.

In the large-scale EDPM field, then, one opinion is that fixed word length
will be a characteristic of equipments to be announced in the very few
years to come, In the medium and low-price fields, there is possibility
of even more diversity of opinion. The medium range may utilize fairly
slow, but not too expensive, magnetic core storage units of small size,
backed up by drums or random access files. In this case, the internal
word (but not necessarily the storage word) may be fixed in length; this
is by no means certain. In the lower=-priced field and in the medium-cost
equipments using magnetic drums as the main storage medium, fixed word
length probably can be expected. Although magnetic drum computers could
be built with a variable length werd, the existence of latency time and
the desire for low selling cost makes any gain from variable word length
memory access quite marginal. Consequently, one school of thought feels
that variable word length of the type used in the 702/705 is not a parti-
cularly attractive possibility in this range of equipments.

There are obviously other opinions. With progress continuing at impressive

speed, there is nothing more uncertain than attempting to predict what an
EDPM of two or three years from now may incorporate.
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Conclusion. The foregoing are just some of the possibilities for the not
too distant future. They may or may not be indicative of what will hap-
pen. A technical development announced tomorrow could easily make com-
pletely new concepts possible.

But, if nothing else, this discussion may have helped to place the vari-
able word length feature of the 702 and 705 in its proper place as only

a part of a data processing equipment, and to consider it as just another
step in the evolution of electronic data processing techniques and logic.
There would be little objection if IBM claims for the variable word
length feature of these two equipments were based largely on its being

a technically feasible and, possibly, economical method of computer
operation. Unfortunately, such an approach has little sales appeal,

But there is definite objection to IBM claims that the variable word
length concept of the 702 and 705 provide the best systems approach for
handling variable length business data elements.

IBM itself has provided part of the rebuttal by building--and of course
claiming superiority for--fixed word length data processors. Several
other rebuttal points are included within this section. They may be
summed up quite briefly:s The function of an EDPM is to process business
data. Provided an equipment operating with a fixed length internal word
can handle variable length data elements, there is no reason it cannot be
an effective processor.
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