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ABSTRACT OF THE DISCLOSURE

44 Claims

A first dynamic storage stores information units having
a plurality of information elements in a predetermined
sequence within each information unit. The elements are
read out in a sequence of bit time time slots. During trans-
fer to a control and processing unit, the data elements
undergo a change in time slot to predetermined subbit
time time slots. After processing, the information elements
are transferred to a second dynamic storage. The change
in time slot may, alternatively, take place during transfer
of the information elements from the processing unit to

the second dynamic storage.
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CROSS REFERENCE TO RELATED
APPLICATIONS
This application is a division of application Ser. No.
300,962, filed Aug. 9, 1963, now U.S. Pat. 3,343,133,
entitled “Data Handling System.”

BACKGROUND OF THE INVENTION
The present invention relates to a data handling sys-
tem. More particularly, the present invention relates to
a completely dynamic electronic data handling system.

Objectives, Applications and Objects of the Invention

(A) General
It is the principal objective of the present invention to
provide high performance means at low cost for keeping
up-dated and for processing selectively data stored in
large capacity memories. In order to have a reasonably
small access time to such data, such large capacity mem-
ories may be preferably rotating disc file memories, Spe-
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cial applications for such operations are all planning, con-
trol and decision making functions in which the effective
execution of these funtions has to be based on daily,
hourly, or other short term up-dated data of great volume,
from which only selected fractions of sequences of such
data are required in a given situation, Therefore such data
must be rapidly retrieved and used in speedy, repetitive
rearranging and other processing operations with the pos-
sibility of immediate human intervention to achieve effec-
tive decisions based upon evaluated facts and such deci-
sions may have again rearranging and processing influ-
ences on other data to be determined in first operations
and selected in a similar data retrieval manner and rear-
ranged data may be inserted into the old or other data
within their new sequence condition. But the combination
of sequential data recording with random access to se-
quences of such data is also extremely useful for simple
up-dating of such sequential type of data in short cycles
such as, for example, hourly or daily transaction, of
which the print-out of detail data with newest sums and
balance forwards may be accomplished with economy
only in longer time intervals, such as weeks, several weeks,
or months, and in which in exceptional cases an instan-
taneous access to sequences of records collated together
under one reference (account) number with read or
print-out of these information units is required, such as in
ledger type bookkeeping or cost accounting.

The systems applications used until now for such pur-
poses can be classified into three categories. The first
category of systems applications is the “tape file-core
memory” approach in which information units of data
are stored in sequence according to their coordinated key
field words, for example, in their ascending order se-
quence, and in which consecutive information units stored
in sequence on such tapes may be transferred in one con-
tinuous movement into the inner core memory of the
computer. Reels of such tape files are exchangeable and
tape drives permit stepwise moving of the tape for sensing
or recording.

The second category of systems applications is the
“random access file” approach, in which information units
of data are stored in a random sequence according to
their coordinated key field words preferably in a disc file,
and in which, basically speaking, during one rotation of
such file, one single random-wise addressed information
unit is transferred to the inner memory, for example, the
core memory of the computer.

The third category of systems applications is the "tape
file” plus separate, additional “random access file” ap-
proach, in which in addition to the solution of the first
category, a random access file is provided to keep in each
“master file” data.

The solution of the problem described as the first cate-
gory has the advantage that similarly to a punched card
system all the detail and summary data related to each
other are recorded adjacent to each other by preceding
sorting and merging operations and it permits the handling
of large file volumes by the exchangeability of sorted tape
files. It has a disadvantage due to the effect of such oper-
ation being highly dependent on the fraction ratio between
the information unit data of such tape files used for the
processed transactions and the total volume of data stored
in such files, since a low matching ratio results in long idle
passes of the tape over unused information units. While
the processing of historical data in long, for example,
monthly, intervals provides in general reasonable match-
ing ratios so that tape processing is economical, a good
deal of the speed of the computer ability is wasted by the
idle pass conditions at the input, if control, management
and other decision making functions, in planning daily
or hourly or similar short up-dating, combined with rapid
retrieval cycles out of larger volumes of data, are re-
quired. This is especially the case if computers are to be
used for operations which require volumes of data, but
which permit, for example, only short reaction times.
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The random file approach of the second category elim-
inates these difficulties by the known random-wise in-
formation unit operation, in which during one rotation of
a disc file, single information units may be selected. This
process is considerably advantageous under the indicated
short-term up-dating and retrieval requirements for sin-
gle information units.

The solution of the third category is generally in all
those cases of advantage where either inquiries are to be
obtained in short time retrieval periods, and in which
such inquiries are based upon preceding tape type oper-
ations, or where file data are to be used repetitively for
various purposes in data processing but are to be kept
available in up-dated form only once for the purpose of
convenience,

The combination of solutions does not eliminate the
disadvantage of the tape file system of the first category
if sequences of information have to be selected rapidly
and are to be rearranged, merged and processed similarly
to a tape system operation, but under selective retrieval
conditions. For such operations it is therefore essential
for an effective use of a computer to use a technical sys-
tem approach, which combines directly, in an integrated
manner, the advantages of sequential operations of tapes
with the random access to sequences of such information
data in files.

Therefore, the system of the present invention combines
the advantages of tape functions and disc file functions in
an integrated form by performing directly within the file
system sorting and merging functions with information
units and arithmetic functions for selected fields of such
information units stored within the disc file system. Con-
sequently, in the system of the present invention, the files
have not only the character of master and of reference
files, but also of transactions and processing files. Similar
to other data handling systems, the transactions data them-
selves may include only a minimum of required data dur-
ing the first processing steps and may be supplemented by
alphabetic and other data from a reference file during
following processing steps of operation.

Reference data is recorded on a reference file (Al of
FIG, 1) as hereinafter described and transaction data
such as planning, control and report data is recorded on
an operative file (B1 of FIG. 1) as hereinafter described
and these data are recorded in the first category solution
on tapes. The solution of the second category refers pri-
marily to reference data since it is limited by the non-
availability of sorting and merging functions within ex-
isting file systems. Systems in the third category prefer-
ably include the reference file (A1l of FIG. 1) data in
random access files and the operative file (B1 of FIG, 1)
data, which requires sorting and merging, in tape files, The
proposed systems integrates all the data into random ac-
cessible files by providing sorting and rearranging of data
within the file so that the random access is available to
sorted sequences of data for operative file systems similar
in sequential operation to tapes but with random access.

Since one of the economy factors of tape usage is the
increase of file volumes resulting from the exchanging of
tape reels of sorted information unit data, arranged, for
example, in sequential ascending order of their key fields,
exchangeable random access files, that is, for example,
exchangeable disc files storing sequentially sorted infor-
mation data, are considered preferably as part of the
system,

Since a great deal of computer time is often wasted in
operations in which the real potential of the computer
is scarcely used such as, for example, most of the file
maintenance, up-keeping the newest balances, etc., com-
bined with merging and searching functions, an object of
the systems approach of the present invention is to pro-
vide inexpensive file-oriented computers with high per-
formance rates, especially for sorting, merging and cer-
tain arithmetic functions.

The arrangements of the present invention therefore
permit, in addition to their other potentials, a more profit-
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able use of the real power of a big computer by eliminat-
ing from the computer operations all the simple, but time
consuming, operations for which the computer time is
too valuable, such as preparing and follow-up of input
or output gears with the buffer operation of buffer files.
High performance rates for sorting and merging, together
with certain arithmetic operations for file handling opera-
tions, are achieved by using, as basic elements, cyclic dy-
namic file systems with low costs per stored bit, at high bit
rates. In the cyclic dynamic file systems, a program con-
trolled sorting, merging and other processing of informa-
tion unit data is accomplished directly within the file sys-
tem during the transfer of such data from one file storage
location to another.

This permits far more efficient and economical as well
as simply programmable solutions than the conventional
tape-core approach in the cases of the handling of admin-
istrative type of data, since the emphasis in this type of
application lies, in most cases, more on the access to file
data and the transfer of data in rearranging, merging,
searching, and transfer functions than on complicated
mathematical functions in which a given rather limited
volume of data is repetitively used with random require-
ments of access to digits and words in microseconds.

The streaming mode or continuous data flow approach
for this type of operation, which forms the basis for the
system of the present invention, is in this case especially
advantageous since it is incorporated directly in the file
system so that it adds only limited additional costs to the
cost of the file system itself; the cost of the file system be-
ing imposed anyway due to the need for random-sequen-
tial access to currently up-dated and rapidly accessible
information units. This is especially so, since the only
type of larger mathematical operations required in the ad-
ministrative type of applications is in the field of matrix
operations for linear programming and similar functions.
This type of operation is also a special streaming mode
type of operation in which series of calculations are per-
formed at matrix members in certain determined se-
quences with large quantities of file data so that the eco-
nomical high speed technique of the streaming mode is
well applicable to this type of operation.

The modern development of the components makes
this systems approach especially attractive, since the use
of dynamic storages in the form of delay lines permits
an ever increasing speed improvement with inexpensive
means in direct cooperation with dynamic file systems,
operative in parallel and multiplex use of data transfer
and processing channels functions. The computer po-
tential may be thereby greatly improved for administra-
tive operations.

In this type of application and operation, the per-
formance to cost ratio is further greatly improved by
the combination of sequential operation with random
access, which eliminates the cost for the waste of idle-
run or stand still of a plurality of expensive tape drives,
and by synchronously and continuously moving record-
ing areas relative to sensing and recording means, which
eliminates the start-stop movement of record carriers to
signal heads in the sensing and recording direction.

The elimination of the start-stop movement and the
continuous synchronous movement of the file relative
to the signal heads eliminates the necessity for first
transferring selected data from a first stepwise moved
record carrier to a static memory to bring them, for
the purpose of processing, together with selected data
of a second stepwise moved record carrier, before they
may be transferred to another stepwise moved record
carrier. The eliminated transfers not only add the cost
of an expensive large inner random accessible storage
system, but, with the present day’s components per-
formance, lose speed if the internal, repetitive use of
internally stored date is limited and if the total trans-
fer determines the overall speed.

It thus becomes possible, as hereinafter described,
that computers with high performance will become
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available also for medium size and small business and
for individual departments and operations of larger
corporations communicating with each other in a net-
work.

The administrative type, file-oriented computers with
considerable file capacity may be built in desk size and
they themselves may function as a center of several
subterminals, thereby forming powerful satellite systems
with their own processing abilities.

A further essential factor in obtaining the same or an
even better performance of this type of computer as
compared to a computer of the tape-core approach is
the availability of an inexpensive file type memory in
a size containing all the data required for the processing
of a given problem. In desk size or departmental ma-
chines, an inner storage of about a one to four time
multiple of 16,000 recorded information units, or 2 to
8 million characters, with a number of independent step-
wise operable signal head movements, may be provided,
operating within the same file system where each such
drive in cooperation with the storage surfaces replaces
for this size of record volumes the function of an inde-
pendent tape drive.

The same system, in which a number of stepping
mechanisms, at least four, are provided, to permit sort-
ing, merging, arithmetic processing during the transfer of
data from one storage location to another, may also be
very profitably used in large file systems or in smaller
systems, increasing their efficiency and usability in a
high degree, since they can perform the tape functions
with the additional advantage of random-sequential
integrated operations. The recorded information units
within a track are then, similarly to tape operations,
sorted and merged in a sequential order of their key

fields in tracks or within groups of tracks of a disc file 3

system, which form a vertical arrangement of tracks
and which have individual signal heads located in one
step movement location of signal heads over each group
of tracks. The groups of tracks, together with consecutive
groups of tracks, may in turn be part of a file storage
for key field sequentially arranged information units.

There may be two or more input or output channels
operative at the same time within the same set of discs
with independent stepping mechanisms for signal heads
having equivalent funclions to channels having several
functions of input and output tape drives. They are far
less expensive than tape drives and provide the additional
advantage of random sequential access. This permits
the completion of all the sorting, merging and arith-
metic functions required for a given operation without
any change of reels of tapes, etc. The results may be
transferred to exchangeable disc files or other output
means. The input data on such inner main storage may
likewise be compiled from exchangeable disc files or
other input means. Other steppers, additionally posi-
tioned in the file above the disc storages, permit the ac-
ceptance of input data from various input terminal
sources, with time shared storage and multiplexing
means. Thus, the up-dating of data for production, floor,
shop, store, scheduling, receiving area, purchasing and
cost accounting may be continuously affected by this
part of the file with short time cycles of sorting and
merging-in of such data in coordination with the other
data. There may also be a link to archive type files for
input and output.

Other steppers may provide storage areas for inde-
pendent print, display and other output, and storage
areas for interdepartmental communication.

Register tracks for tabulating, and other arithmetic,
editing and similar functions may be provided, as well
as program and format tracks for selective operation
of programs for various record formats and various
processing functions.

"The cooperation of the cyclic storages with a hierarchy
of higher speed delay line, small static, or other registers,
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permits the performance of most of the known computer
functions at excellent performance rates at low cost.
The interlaced, multiplex use of the storages and com-
ponents permits the attainment of high performance rates
by simultaneous serial operations instead of the sequential
program selection and processing functions of large core
memory operations.

A principal objective of the present invention is to
provide personalized computers with personalized files
within the area of responsibility of decision, in which all
the data which have otherwise to be communicated be-
tween a complex central multiplex operation with termi-
nals or by print, can be stored directly in the machine
language of the file, eliminating unnecessary print-out,
since the file is sorted in the same manner as a tabulating
list. Thus, in this type of personalized operation, the
operator has random sequential access to the listing of
data required at any time for video use in an individual
case by inserting the corresponding exchangeable file into
the system, if it is not yet in, or by transferring this in-
formation to other places. It is of great advantage that
the data are already directly available in machine proc-
essable form instead of only long-print-outs. A print-out
is generally only required for summary and exception
data and for other such sequences of records as are re-
quired for video use.

An object of this invention is therefore to provide a
complete satellite system of smaller personalized com-
puters, in which a group of smaller computers cooperate
with each other in a wire network for the exchange of
data required at other places but in which there is a
great deal of flexible, individual control over the files,
responsibility for the file data and their processing and
the time schedule of such computers. This does not pre-
vent programming assistance from a central method
center, but it eliminates a good deal of the complexity
of the data handling of the machines in the center and
permits the building of the satellite computers with
simplified, administrative type programs. This leaves a
good deal of incentive, interesting and responsible opera-
tions within the various managerial levels of companies,
according to the principles of multiple management and
management by exception.

Some operations for which random-sequential systems
are especially useful are described by the following ex-
amples,

(B) Reference files

FIG. 1 is a survey, in block diagram form of the
handling of data in reference and operative files for in-
formation units (records) referring to planning, control,
and various up to date report periods and their relation-
ship to each other. Charts I to IX illustrate details of the
information handling illustrated in FIG. 1. FIG. 1 is a
diagrammatic presentation of two types of file operations,
named for the purpose of this description the “reference
file” A1 operation and the “operative file” B1 operation.

The reference file A1 comprises reference records for
the assembling of detail information or records A3a and
A3b and detail information or records Ada and A4b, The
reference records may comprise groups of records often
used for decision-making functions, and indicated as group
A3a and groups of records rarely used for such functions,
and indicated as group A3b. Similarly, the detail informa-
tion or records may comprise often used groups of rec-
ords Ada and rarely used groups of records A4b.

Depending upon the volume of information units and
on the ratio between often and rarely used items, different
types of file storages may be used for often and rarely
used data, as hereinafter described, if this permits still
more economical solutions (see FIGS. 55 and 56). The
reference records A3a and A3b for assembling detail
records and the detail records Ada and A4b themselves
may be updated by introducing new supplementary rec-
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ords ASa and ASb for assembling of detail information
to replace old records Aéa; the old records concerning,
for example, parts which are no longer used due to ob-
solescence, for detail informations A6a and A6b, respec-
tively.

The reference records usually contain two or three
types of information. One type of information may be
information which is required for rearranging, merging,
searching and arithmetic, which may be devoid of inter-
pretative information and may be only of a short digital
type and used during the major part of the processing.
A second type of information may be interpretative in-
formation which is required or useful for human com-
munication and interaction and which is stored as a se-
quence of coordinated character sequences in bit form.
A third type of information may be video and/or other
information related thereto such as, for example, draw-
ings or explanations.

Although in many cases the major part of the process-
ing may be accomplished internally with shortened rec-
ords of the first type of information, intermediate or final
results often require supplementary information from
the reference file of the second type of information, or of
the third type of information.

Records shown in the following examples in the form
of a vertical distribution pattern for days, etc. may be
accumulated into various report periods such as, for ex-
ample, weeks, quarters of years, etc., and may be placed
in horizontal fields of records or information units if such
records have identical key fields.

The splitting of file handling into groups of informa-
tion or records may be used in various ways. First, it is
obvious that the file records will usually keep separately
various types of records, which include different types of
information and may therefore not be sorted according
to identical key fields or key field combinations in an
ascending or descending order, Within such correlated
types of information units, provisions for a split may be
made by identifying selected records of such information
units by special marker code. The selected records may
indicate, for example, items which are known to require
special attention, due to their high value, their critical
supply condition on the market, special difficulties in
production or sale, or due to their design and probability
of alterations, etc. On the other hand, the information
units may be identified by the computer operation itself,
such as certain variances from given standards or budgets.
These records or information units may indicate, for ex-
ample, items behind schedule, overdrawn, overdue, above
or below, over or under-stocked plan, out of intended
sequence, etc.

In planning and control operations, provisions for a split
may also be made between information units or records
for the established or the basic plan or control schedule;
records with new evidence, which apply or may result
in modifications of the established or basic plan records;
selected records of the established or basic plan group
which may be used in several tentative or conditional
runs and rearrangings to determine the optional reaction
to the new evidence records; and modification records for
the established or basic plan group, which are supplemen-
tary to the records of the established or basic plan group
and are therefore utilized automatically in addition to the
basic plan group. This may be effected by a mark in the
basic plan group records, or, if they are not voluminous,
by a search operation for modification before the basic
plan group records are used.

For the purpose of simplification, the up-dating of the
basic plan file by the modification records by merging
them with the basic plan file may be accomplished only
in determined intervals such as, for example, days, weeks
or months, dependent upon the prevailing conditions,
but the requirement of complete up-dated usage of the
file system is achieved by the automatic combination of
the basic plan file and the modification file. In simple
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up-dated file operations such as, for example, ledger files
for personal accounts, accounts receivable and payable
provisions, a split within the file system may be made
between records sorted according to key fields, represent-
ing, for example, account numbers, on a daily basis, and
merged into the monthly transactions, which are printed
out as statements at the end of the month, and including
as latest balance the balance of the end of the last day,
but permitting, if required, random access to the detail
information assembled up to date for the particular ac-
count number. The split may be randomwise, according
to timely occurrence such as, for example, recorded trans-
actions of the day, tested in case of an inquiry for detail
information for information sorted according to key fields.
If information is additionally requested, the split may be
of one short record per account number, including but a
few informations, in addition to the account number and
latest balance, comprising sums and balance, such as indi-
cators for overdrafts or other conditions requiring special
attention or special operations, but having no accumulated
detail information for the period not yet printed out.
The split in the file operation may also be used for auto-
matic auditor trails in ledger file processing, as hereinafter
described in detail (the description for FIGS. 139, 140
and 141).

This type of splitting of the file operation permits the
observance of all management rules, which are generally
determined by the principles of multiple management and
management by exception. Referernce records may be used
for various operations such as, for example, as search
records for random files to determine the location of
detail records in index search operations. In its simplest
form, this may be accomplished by short key and location
identifier records. The search may be broken down into
one and more steps, a first one, which may include a selec-
tion of all key fields concerned, and an additional operation
for selecting the desired key field combination. Reference
records may also be used as reference records in random-
sequentially oriented files in which the indexing may
refer only to sequential record groups or key field indexes
for the first record in a track or in a combination of a
group of tracks. Another use for reference records is as
reference records in random sequentially oriented files, in
which selected ones are used to build up with other
reference or detail records new sequences of groups of
records, thereby producing newly composed sequences
of records including digits and text for ordering, schedul-
ing, reporting, etc., for example, with eventually a number
of levels of report production and alteration. Various
examples are illustrated in Charts I to IX.

Detail records may be used in such files either as single
random-wise located records in random files, or as se-
quentially sorted records, which are sorted and merged
into groups of key field numbers, The sequentially sorted
records may comprise, for example, ledger type informa-
tion collated under account numbers for later up-dated
print out, but with available random access during the
collating time period. The sequentially sorted records may
comprise bills of materials or operation plans, and may
comprise scheduled sequences of information units for
production, purchasing, financing, cost accounting, sales
forecast and controlled sales promotion, etc., as illustrated
in greater detail in the examples presented in Charts I
to IX.

The use of the reference file may be illustrated by de-
scribing the reference and detail records in a production
planning and control operation. The reference information
for the planning and scheduling required to produce the re-
quirement of material, manpower, equipment and tools,
broken down into time periods, and to check such re-
quirement with available stock on order, manpower and
equipment capacity available, and to adjust both require-
ment and availability of coverage in a continuous feed-
back loop system, may be shown, for example, for a
product consisting of sub-assemblies and parts (Chart I).
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CHART I.—REFERENCE FILE RECORDS

For Production Planning and Control—Order Schedule and Bill of Materials For Final
Assemblies

Type of information unit (abridged)
Order number. . ... . .oeaooo () Must be available time

Assembly, shipping day._ ... (19)60-262  units (e.g. days) before
Main unit number (consisting o . 1-273.426, 000, 01 shipping day:
3 pieces sub-assernbly number__ - 034. 216-210, 05 30.
1 piece sub-assembly number. . 016, 324-120, 03 30,
2 pieces sub-assembly numbe ... D36. 215-080. 01 20,
3 pieces part number__......________ 127, 336-012, 02 10.
(+) 1 pieee part uumber.__. ) 20.
(—) 2 pieces part number 127. 316-010. 04 —.

t 3 products of 1460-210. 2 New number,

The product may include, as Chart I shows, the main time or up to which serial number such design is to be
standard features (273.426-000.01) consisting of: used, for example:
3 pcs. sub-assembly number __________ 034.216-210.05 15 Sub-assembly 034.216-210.03 beginning with . . . un-
1 pc. sub-assembly number - _____ 016.324-120.03 ul ., ..
2 pcs. sub-assembly number ... __ 036.215-080.01 Sub-assembly 034.216-210.04 beginning with . . . un-
. . tl ...
The product may also include, as optional features: Sub-assembly 034.216-210.05 beginning with . . . un-
3 pcs. part number . __________ 127.336-012.02 til ...

CHART IIL.—REFERENCE FILE RECORDS
For Production Planning and Control—Operation Schedule For Parts

Must be available
time units (e.g. days)

Type of information unit (abridged) Title before complition
Part number_ .. .. iieeaeen- 216, 014-034. 03 Controllever. . o e ceccecamaamoa
Raw material ... oo 3,216,031 Steel shaft {measurements 10
and quality). .
Operation 1 machine group. - . -o--~-v-- 314,000 Turning (time required) ... 8
Operation 2 machine group and 50 on. . 136, 027 Milling (time required)_ . __ [}
and as a special feature: Chart III illustrates the reference records for the details

themselves, listing for parts which are to be manufactured

Plus 1 pe. new item part - New number the raw material and operations, namely for part number
instead of: 216.014-.03. These are:
Minus 2 pcs. part number __________... 127.316-010.04 Raw material “steel shaft” 3.216.031 and measurements

The standard time schedule indicates that sub-assem- Operation 1 “turning” on machine group 314.000 and time

blies 034.216-210.05 and 016.324-120.03 must be avail- O’eq“?redz wmilling” hi 136.027 and i
able in the final assembly area 30 time units (for exam- 33 peration 2 “milling” On mMachine group . and time

ple, 30 days) earlier than the assembly completion or required
shipping day. Sub-assembly (}36.215-080.01 and the new etc.

part must be available 20 time units earlier, and part num- The standard time schedules may be 10, 8 and 6 times
ber 127.336-012.2 must be available 10 time units earlier, units, eic., before completion of the part.
in order to guarantee delivery “on time.” 40 By means of the reference records, the input records

CHART II.—REFERENCE FILE RECORDS
Yor Production Planuing and Control—DBill of Materials for Sub-Assemblies

Type of information

unit (abridged) TDesign status
.03 Beginning with serial Until serial number.
number,
04 ___ .. do o Do,

Must be available time
units (e.g. days) before
Sub-assembly number. . 034, 216-210.05  assembly day:
2 pieees part number____ 210, 014-034. 03 15
1 piece part number__... 632, 134-012. 01
b picces part namber_._. 337, 216-137. 04

3 pieces raw material 7.316. 214
number.
1 piece raw material 2. 316, 116 Wi

namber and so on.

The reference records for the assembling of the detail for the individual schedule A7 of FIG. 1 develop the
information indicates, as illustrated in Chart II, that 60 planning information units in the operative file B1. The
034.216-210.05 scheduling records generally indicate, as Chart I shows,

1 sub-assembly pumber -.----------- the number of units, which is 3, the order number, which

consists in turn of: is 1460-210, and the assembly or shipping year and day

2 pes. part number ______________.__ 216.014-034.03 .. (19)60-262, as well as the main, optional and special fea-

1 pc.‘part AUMbEr - e 632.134-012.01 65 tures hereinbefore described.

5 pes. part number ________________ 337.216-137.04 .

3 pes. raw material number 7.316.214 (C) Operative files

1 pe. raw material number ———.—-—o----- 2.136.116 The special advantages of random-sequential file han-

and that its standard time schedules are 15 and 10 time 7o dling become especially apparent in the processing of

units (for example, days) before completion of the sub- planning, control and up-dated report information in sys-

assembly. tems requiring good reaction times and operating under
The last two digits of the sub-assembly or part number the principle of management by exception.

may indicate the status of alteration in the design. Special Examples for planning and control are shown for the

references are to be recorded, which indicate until what 75 areas of production, finance, cost-accounting and sales,
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and for up-dated reporting for the areas of ledger files and
other accounting data,

Operative filed for planning, control and up-dated reporting
in production planning and control

The use of the reference information records A3a and
and A3b of FIG. 1, shown in more detail in Chart II, and
of the detail information records Ada and A4b, shown in
more detail in Chart III, produces together with the pro-
duction scheduling information A7, shown in more detail
in Chart I, the first summary B4 of planning information
in the operative file B1 by the selection and selective mul-
tiplication of the detail information for assemblies and
parts B2 per assembly level, and by sorting and distributing
such records to the planning periods B3. The scheduled
times for planning periods are determined in this example
by subtracting the required standard lead time units (for
example, days) from the shipping, calculated assembling
or completion date of the assemblies or parts.

In the preparation of part requirements, and operation
schedules, the 3 pieces of product 1460-210, which are to
be shipped on day 262 (Chart I) will each require 3 pieces
of assembly #034.216-210.05, 30 time units (for example,
30 days) before completion date. Therefore, 33 or 9
pieces of assembly #034.216-210.05 must be available on
day 232 (day 262 minus 30 days). According to Chart IT,
the sub-assembly of each two pieces of part #216.014-
034.03 requires 15 days for its completion, so that 9X2
or 18 such parts must be available at day 217 (day 232
minus 15 days).

Since the steel shafts required for the machining of
the part control lever, 216.014-034.03 must be available
10 days before the availability of such parts for the sub-
assembly (Chart III), 181 or 18 steel shafts must be
available on day 217 minus 10 or 207, to meet these
requirements.

It is evident that not everything in a plant follows the
original scheduling, nor is the capacity used in the best
manner or available at the right time for all such require-
ments. A flexible and adaptive planning and control op-
eration therefore requires a constant feedback loop system
B3 to B9 in the information retrieval and processing for
the planning and control period. This requires, within a
great amount of information 100 to 200,000 information
units or records, even in a medium size operation, re-
trieval access to sequence of information records arranged
sequentially according to assemblies, parts, departments,
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equipment, in scheduled periods, and it requires selection
and rearranging of such information.

The automatic processing of the comparison of the re-
quirements of parts, assemblies or tools, their availability
in stock, supply by vendor or own shop and the compari-
son of required manpower and machine time and capacity
for the various places of the shop and the floor will in-
dicate in the summary B4 of the requirement and avail-
ability either the ability or the inability to perform the
operation according to the intended schedule or an eco-
nomic or uneconomic use of available capacities. This may
be shown by greater positive or negative balances between
requirement and availability for either assembled parts,
tools, manpower or facilities for the periods calculated in
quantities, and, as far as required, in accounts.

The use of the random-sequential type of operation
may keep the total of the preparation of requirements and
scheduling of parts and operations in a current up-dated
condition with the possibility of selectively rearranging
fractions of such information without losing their mutual
conditional timed relationship. This may also avoid the
necessity for rerunning the entire operation in periodic
cycles as in data processing systems now utilized for such
purposes.

The items in which greater differences occur are col-
lected in special file storage areas and listed as exception
detail information BS and exception summary B6. These
items require action, either by buying from other vendors,
producing them in other shops, or by other facilities, using
other material or parts or changing the time schedule. Ef-
fective planning and control requires the ability to first
hold the change influencing information units in a sepa-
rate area of the file system, in order to permit the evalua-
tion of the consequences before they become effective.
Until the best solution of the problem is found, a series
of selective rearranging operations may be required.

Management games may be accomplished with selected
information units within the loop of information B3 to B9.
In the information feedback loop system a continuous ad-
justment to the occurring requirements is achieved with
as small a reaction time within the feedback loop system
as economically possible. The planning period may refer
to a period of about one year or several months ahead,
but the nearer the scheduling time, the more dangerous
and difficult are the changes, and the more important is
a small reaction time with rapid access to information and
rapid processing. This refers also to engineering changes
by new design AS and obsolescence A6 information.

Chart IVa
At s

OPERATIVE FILE RECORDS
For Production Plasning and Contro}

Planning Information Survey

Bottlenecks
(exceptions)

- B3, Bé BS,B6 B7 BS, B9
Information Part # A
T | Pperiod ~«~’\m/\_l Part #| Poriod ... Machine #| | Inventory

Part #..4 Part # Materiel Labor/ Part # Part ¢ Control
¥ Paterial HMachine .- @ Part #
Part #... ' ¥ Hachine Portod ..e - ® " e
Poriod | Part # Part/Order # | | Part/Order. #| | Part # . 2 - g
Part #..4 Part/Order # ® eesns #| {Part e N . - 9
. pPart #| |# Material " eeess # Period ... ¥achine #/ /Materfal
Part Feee art/Order # ¥achine Part # 2
# | | Part/Order # - f ’
Part #... Period | Part # Part/Order ® eesee # - .
) [ ® ssees ¥ Period ..» etc,
Dates Part #
60-262 VVV\.J
Required/
Available
Difference
Indicates

Bottloaocks
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CHART IVb.—OPERATIVE FILE RECORDS
For Production Planning and Control—Planning Information for Parts Requirement Avallabillty

Periods (e.g. weeks)

4

5

6 7 8 9 10 11 12 13

Variance
Total percentage 1 2 3
Part #. . .-
Requirement .
Pro(}uct/source

6
Requirement gross__
In stock R
Requirement neb_ ..o eiiiaioiiieaanon
Sup;lmers:

3
Suppliers total__.__.._
Balance forward._.__.
Available. . ._.._..____
Requirement gross
Withdraw!l. _.____._.._..
Varance. .. oo.....oooo..
Supplier, promise_......
Supplier, supply...--.--
Varance - ococoooeeonen
Part #..

Breakdown according to exception rules for “high
value and other critical items’” and any “‘missing,”
“overdue,” or ‘“‘surplus” items,

Broken down, if required according to sources.

Broken down, if required according to suppliers.

CHART IVe.—OPERATIVE FILE RECORDS
For Production Planning and Control—Planning Informstion For Facilitles Requirement Capacity

Variance

Periods (e.g. weeks)

percentage 1 2 3

5

6 7 8 9 10 11 12 13

Requirement_
Total capacity-.
Balance forward.__

Facility (Group) #..

Breakdown according to exceptlon rules for “high
value and other critical items” and any “missing,”
“gverdue,”’ or “‘surplus’’ items.

Charts IVa to IVc present the preparation of informa-
tion for production planning and the breakdown of the
details for requirement and availability of parts, man
and machine operations per period in vertical grouping of
the details per time period or date. The hereinbefore
described loop selectively up-dates, by its random-sequen-
tial operation, any information which requires a change
and thereby up-dates the great quantity of information
without the need for rearranging the total information in
sorting and other processing operations. Thus, instead of
complex rescheduling and up-dating, a constant follow-up
of the exisitng conditions may be achieved, which results
finally in a surveyed effective planning and control. The
vertical information of ‘Charts IVa, IVb and IVc may be
grouped into horizontal periodic report rows. The charts
only indicate principals, not specific forms or detailed
solutions.

The planning information for the month, weeks or days
ahead B10 and the current survey of the day is basic in-
formation required for the control period. It uses the
detail information for the control periods B11 (parts for
the assembly floor, material and operation for the machine
shop), checks availability and timing and controls the
final release orders (claim checks for material and labor)
and instructions to store and shop. The sequence of op-
erations may be determined by sequence numbers. The
automatic survey of the operations and material release
permits sorting according places of operation B12 and
automatic time correction under transfer of the dependent
timnig sequencies into other time periods by addition or
subtraction of time unit delays and rearrangement of the
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corrected records. Summary data B13 and feedback loop
operation result in controlled release of the information
B16 to terminals B15 in the storage, floor and shop areas.
The control may be accomplished by machine identifiable
claim checks, transport checks, etc., operation slips pref-
erably released by teletransmission for machine shops,
assembly floors, and stores which in large operation may
have small computer units of their own, to control and
survey the performance of their operations B16, B17, B18,
if this is not accomplished by the unit in the production
control center.

Since every planning or control is only reliable if a
constatn feedback loop comparing planned and actual op-
eration is established, a continuous comparison B17

between scheduled or intended performance B16 and

actual performance B18 is provided. In the continuous
comparison, there is continuously reported back in ma-
chine readable form information indicating what is per-
formed by whom and where it is performed B19 and in
which there is constant comparison of planning and per-
formance data and any exception, in which plan and
performance disagree, is automatically reported.

For the various types of managerial decision levels the
current comparison between plan and actual reporting
on variances in quantity or time, or multiplying quantities
and times with standard costs, variances between planned
and actual performance in cost figures may thus become
available in any desired detail, in listings indicating sum-
mary and eXception information for planned or budget,
actual and variance FIGS. B21 to B23. The report
periods for the reports B20 may be cycles within the day,
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for example, hourly cycles, weekly or monthly cycles
in dependence upon the type of information and the re-
porting levels concerned, and in dependence upon the
importance of the variance B23.

With inventory control, the comparing information
includes details of coverage (availability in stock and on
order) broken down into periods and compared to re-
quirement, comparison between individual vendor or shop
promises and actual supply for the various items, and
comparison between planned requirement and actual with-
drawal of the various sources requiring such items. (See
Chart IVA.) Special emphasis is given to the availability
in time of parts for the assembly lines. (See Chart Va.)
Units of the subcomputer units may be in the purchasing
department or satellite system for ordering and follow-up
and terminals or stations may be provided in the receiving
area to permit continuous information feedback loops
and to avoid late discovered shortages.

CHART Va.—OPERATIVE FILE RECORDS

For Production Planning and Control—
Control Information For Floor (Sub-Assemblies and

<t

18

ventional manner according to the requirements of
analyses and availability B41, but with the capability of
direct access to the information data in machine Janguage
for further processing, if required.

Operative file for planning, control and up-dated reporting
in financial bookkeeping

In principle, the same rules described for planning and
control apply to financial bookkeeping. The bottleneck
in the case of financial bookkeeping is money, rather than
manpower, facilities, parts and materials, and it is of great
importance since it is usually not available in abundance.

During the planning period, details for the financial
budgeting require in general considerable rearranging of
data as soon as investment for new facilities, changes in
the production program or other projects of special con-
sideration are to be performed.

Summary figures, derived from the normal data trans-

Assemblies)
Department._.....
Perday...... year
Product/ Periods (e.g. days/weeks)
roduc
Assembly# Total 1 2 3 4 5 6 7 8 10 11 12 13
Tot;),l planuptoday = eooeoe oo, Lists only “‘complete availability.”
art #:
SurplitS. ool
Deficiency... -
Parts H .
urplus. ... - -| Lists only “high value and other critical items”
r&?ﬂ"iemy- -} and any “missing,” ‘“overdue,”’ or '“‘surplus”
arts SBCIONEY - mooooooo items (exceptions),
Part #:
Surplus. e eeaiaae
Deficiency. .-
Product/Assembly #. -
CHART Vb.—OPERATIVE FILE RECORDS
For Production Planning and Control—
Control Information For Machine Shop
Scheduls
Machi Poriodh dPreceELling " Operation time Deli Time
achine eriodic epartmen: eliver
group Day sequence Order # Pieces# Title Tool required Setup Operation to— Scheduled Actual Variance

- Regular.

} Listing separate out of sequence, “missing,” “overdue,” or advance item.

As indicated in Chart Vb for the machine shop schedul-
ing, feeding the parts at the proper time to the proper
place and automatic checking of quantity performed,
scrap control, and feedback loop control for the comple-
tion of sequential operation may be achieved in cyclic
computer operations within the day to permit the best
possible production in the plant. Any variances are de-
tected and reported and adaptive control decisions under
human control or intervention are immediately possible.

As soon as the period of direct intervention is over,
the daily informations, sorted accordingly, are merged
day by day into weekly informations, and the weekly in-
formations are merged into monthly informations, and
summary and exception reports are made for various
management levels and reporting cycles (B20 to B23).

Plan or budget figures B32, together with actual data
B33 and variance data B34, with special emphasis on
summary data B31 and exception data B36 are currently
developed during the first history reporting period, prefer-
ably during the week or month (History period I). Sum-
mary and detail reports B31 and B35 may be provided
for the next history period (History period II) in a con-
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fer may be used for general data, but a very detailed
budgeting and observation of the actual data and of
eventual variances, divided into periods, is required for
the exception data. Very often, but especially in such
conditions, there may arise during the control period a
considerable need for rearranging of intended payments,
even for general data items under human intervention
or control.

CHART VIa.—OPERATIVE FILE RECORDS
For Financial Planning and Control—For Payments to be Made

In bookkeeping: Accounts payable

Amounts to be paid:
Perlod due:
Item group 1 (e.g., bottleneck material_.____ ).

Account #
Date, text, §._._
Date, text, $___.

Account #_ _
Involce.._..
Item Group
Account #
Invoice.
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Since there is a considerable difference in the different
item groups with respect to the flexibility of the require-
ment for keeping the original intended due date for pay-
ments such as, for example, inflexibility in the date of

20
figures from which the data originates. This refers to the
complete spectrum of budgeting and standard cost tech-
niques, with special emphasis on critical items in material,
labor and overhead costs.

CHART VIIa.—OPERATIVE AND UP-DATED FILE RECORDS

For Budgetary Planning and Control

In Cost Accounting:

Ilanuing, contrel ...

Cost item $

Department $ $.._.__

Summaries._._._

Report [nformation.- - nyoeoiie

Budget Actual data Variance Actual data in comparable

or following sequential periods

For sclected items departments for detail explanation of summary
figure if variances are too great or if comparison and other reason
require detailed survey or controlling influence.

Cost of Product

$ Material

Labor  Tools, ete.  Overhead 1

Standard_ . ..o ... ...

Varlance

payment of salaries, telephone bills, utility bills and spe-
cial critical items such as bottleneck material, taxes, etc.,
a constant grouped survey with rearranging capability is

highly desirable. It may be of the type shown in principle :

in Chart VIa. Individual discussion with vendors may in
such cases require random-sequential access to accounting
detail data. If automatic check printing is an included
feature, considerable data transfer, even in the very last
days, may be required.

For the various departments and product areas, the
summary surveys for budget, actual and variance data,
such as, for example, according to Chart Vlla, require for
selected items, department etc. details for summaries or
random-wise selected sequences of data forming the sum
for summary surveys if required. This is required, for
example, if variances are too great or if comparisons or
other reasons indicate a necessity for a detailed survey or
30 controlling influence.

CHART VIIb.—UP-DATED FILE RECORDS
General Reports for Summaries and Variances

Details in various (2 or 3} sorting directions

Dalily: Day 1, Day 2, Day 8, Day 4, Day 5 Summaries
Accumulated
Report Information. .. Ttem #.__.__ Ttem #_ ... Ttem#. . .. totals
Detail (a)...__._.._. Detail ___ .. ___________ Day/Week/Decade_. __

Detail éb) R
C)-

Detail

Day/Week/Decade 2/.. 1 2.
Day/Week/Decade 3/_. 1 to 3.
Day/Week/Decade 4/_. 1 to 4.
Monthly—quarterly company reports
with comparisons for: budget—actual—
Merged into week/decade {variancesactualin various comparable.
or {decade/month).

Periods

CHART VIb.—OPERATIVE FILE RECORDS
¥or Financial Planning and Control—For Payments to be Recelved

In bookkeeping: Accounts receivable.

Amount to be received, has been received, has not been received, (Due

amounts statements)
Perlod Due:

Account # (Has not been paid).

Invoice (A) equipment.___ 3-20-60

Invoice (C) equipment. .. 3-26-60

Down for involce.._....... 3-26-60 | SO
Account #

Invoice .

Involee .. ___

NOTE.—Other sequences for periods due may become necessary and
daily up-dated data in collated ‘*historic’’ random-sequen tial ledger file

As Chart VIb indicates, similarly grouped informations
with random access to sequential ledger type data may
be of great value for the survey and follow-up in the area
of the accounts receivable. Individual sales and financial
discussions with customers, especially potential customers,
very often require random-sequential access to such ac-
counting detail data, If statements are to be sent out for
the selected due amounts, customer service requires the
updating of the figures including the latest received pay-
ments.

Operative file for planning, control and up-dated reporting
in cost accounting; budget and standard information

Modern budgeting and standard cost techniques require
the ability to make flexible adjustments of given budgets
under constant survey of the details of adjustments and
variances and combining the basic budget or standard

The up-dating of report information is accomplished by
sorting, as indicated by Chart VIIb. The daily activities
are sorted to reference numbers, for example, and are
merged either daily or weekly into daily or weekly up-
dated files, merged again into monthly up-dated sequential
files. The merging may be effected similarly in method to
that utilized with tape files. With random access to se-
quences of such data, the data group beginnings or the
track group or vertical arrangement of the track begin-
nings are indicated by index information stored within the
file comprising the beginning of such groups for key fields
and localities,

Operative file for planning, control and up-dated

60 report information in sales

The planning and control information technique used
in the sales department determines to a high degree the
rest of the planning and control information within the
entire business, especially in the area of production and
financial planning and control. It is an area in which com-
puters can help management in a high degree to determine
the direction to be preferably selected. Random access to
sequential streams of data and their constant survey and
rearrangement is of great importance.

The two extreme types of operation are sales of mass
products or series of products and sales of single order
products. Between the two extremes lies the wide variety
of single order products, comprising serial order assem-
blies which require a combination of both systems for
75 the sales and inventory planning and the control functions.
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The planning periods refer to trend forecasts for the year details for selected items, if required, about sales to in-
and longer periods and the breakdown of the year into the dividual customers and suppliers and their activity pat-
seasons within such years. Reviews and surveys with actual tern with relation to time compared to forecast, etc. may
and other insights are constantly required within the year result in many cases as very helpful tools for an eco-
for detailed adjustment. nomcally effective sales inventory planning and control.

CHART VIII.—-OPERATIVE FILE RECORDS
For Sales Planning and Control

Chart VIIIa
In Serial Mass Production Business

Preview (Planning) of sales and revisions of such preview in regular time periods

Ratio for trend and percentage Estimated Gross
Period, product, area
Sales Yearly  Product Seasonal Others  Prices and Net Percent-
product  group in group within year volume discount sales Costs Profit age

(Revisions in time pericds under control of sales offices of various areas and product sales departments.)
(Requires summaries with selected details.)

CHART VIIIb
Sales Promotion (Control)

Main customers, and consumer groups plan
Perlod, product, area Agent (budget), actual, variance. Volume Price Discount Net sales

With feedback information influencing production planning and control and sales inventory planning and control.

CHART VIIle
Planning and Control of Inventories

Ratios . . Requirement Available
Product, area...{groupwise Ratios  Stock sufficient for periods: Lead time ——
turnovers:  of 2a: plan, actual, variance, and others:  Plan  Actual Onorder Instock

{See Chart Va.)

The build up of the planning figures as shown in Chart The analytical data for sales planning and control are
Vllla requires a constant and pericdic survey of the ratios 30 supplemented by surveys of inquires and orders grouped
for the trend of the product group, its assortment within into periods, product groups and products, sales areas and
the group, and for the seasonal curves and their thorough type of customers, as described in greater detail in Charts
examination by surveying the actual figures and revised IXa and IXb for single order sales activity.
estimates of variance sales branches in various areas, to Planning and control of single order business requires
verify the correctness of trend and other ratio figures. Of 35 constant survey and follow-up of the survey of inquiries
special importance is the controlling survey of discount, and orders to close cooperation with production planning
returns and other variations from standard and competi- and control. The survey of inquiries permits the direction
tive prices and of the gross profit ratios to standard costs, of the sales efforts to special individual interest, which
which in turn requires in addition to summary figures may vary with respect to product, customer, facilities,
random access to selected sequences of the details which 40 capacity available and profit margins. The required in-
build up the summary figures if certain of the summary formation usually includes the details indicated in Chart
figures require special attention or consideration. IXa. The survey and follow-up requires that any summary

The follow-up of the direction in the sales activity and data may be separated into details on request, and it is
the support of the individual salesmen may contribute the nature of such business that such requirements for de-
greatly to sales success and to the reliability of sales fore- 45 tails may be made random-wise at any time. Since only
cast or planning figures. The access to all pertinent in- *” fractions of inquires result in orders, continuous up-dat-
formation for sales discussions, which may include in addi- ing is required.
tion to typical sales information, as indicated in Chart A continued survey and follow-up of the order informa-
VIIIb, financial and personal information about the cus- tion with special emphasis on price, cost and scheduling
tomer and its responsible officers, requires random access 50 aids considerably to keep the business activity under re-
to sequentially merged up-dated data. “¥ liable control. Weaknesses as well as strong points should

The reliability of the sales planning data influences to be known as early as possible in order to react in time
a high degree the reliability in the area of sales inventory because what is missed not only immediately influences
planning and control. To avoid heavy financial losses on the relationship between a customer and suppliers but it

the one hand, but to have on the other hand the proper .
volume of commodities at the proper place, a continuous

influences the total future business activity. Any informa-
tion of pertinence for the order and the relationship to

survey, as indicated in Chart VIIIc, with access to individ- the customer should be collated together, so that any ex-
ual detail data is required. ception of plans and agreements should be brought im-

CHART IX.—OPERATIVE FILE RECORDS
For Sales Planning and Control

CHART IXa
Single Order Business

Survey of Inquiries:

Product, 8res .. ... .o . Delivery time Estimated Probability of Certainty L

(Summaries with details for inquiry above specified amounts or for special products or customers.)

CHART IXb
Survey of Orders

Budget Actual Variance
Promised
Period, product, area____. delivery  Change of Actual Sales Sales
time promise delivery  amount Cost Profit amount Cost Profit Sales Profit
(Summaries with selected details.)
In many cases, simple random access may be sufficient mediately to reported attention. Such information may in-

for the inventory survey itself, but access to analytical 75 clude data illustrated in Chart IXb.
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(D) Interdepartmental and interorganizational
communication

File economics should determine the preference for
centralized or decentralized file systems or combinations
of both in dependence on the individual case. Of the gen-
eral rules which apply, the first is that if files which re-
quire a certain degree of up-dating are needed in the same
or similar form of data organization by different users,
preferably in the same company and in localities geo-

graphically near each other, they should be shared, if it )

is technically possible. Such files may comprise, for ex-
ample, reference files (file Al of FIG. 1) such as the ad-
dress files of customers. If the file locality may be at a
central geographical location, a central department or
user may have the up-dating responsibility. If the informa-
tion is preferably used in one department or by one user,
this department or user may have the up-dating respon-
sibility and the capability of recording and erasing data

within the file, whereas selected other users may have

only inquiry access to such file information. If the file :

volume is large, such responsibilities may be allocated to
separate groups of users, each of which is responsible for
certain fractions of such file data.

The second general rule is that if in operative file sys-
tems (file Al of FIG. 1) various localities require similar
operative influence to file data depending on random ac-
cess inquires such as, for example, airline reservation sys-
tems, the file systems should be shared under local decen-
tralized intervention or control in the recording and sens-
ing of such data.

The third general rule is that if in operative file systems
(file B1 of FIG. 1) of random-sequential type, various
departments or local users require individual operative
influience on different file data or file data of different
structure or grouping, the responsibility for recording,
erasing and otherwise processing such data should be re-
stricted to such departments or local users and selected
others may have only inquiry access to such data. The
decision between the use of a central file or a decentral-
ized file system should then be made only under eco-
nomic considerations.

It is an objective of the present invention to provide
inexpensive processing means for sorting, merging,
searching and arithmetic up-dating of file information.
This is especially applicable to administrative type of file
information. For such applications, the managerial sys-
tems advantage of individual responsibility and schedul-
ing of file processing systems appears to be technically
and economically attainable, since the main part of proc-
essing is not repetitive use of information stored in a ran-
dom-wise accessible working and program storage, as it
preferably is in mathematical routines, but in selective
processing of streams of data file information transferred
from one file location to another.

The potentials of the inner memory systems of uni-
versal type computers are therefore barely used whereas
the systems limitations of the access to the input and out-
put file data are obvious in central single file processing
compared to parallel independent file processing.

If, on the other hand, scientific processing is the major
part of operation, the use of central buffer file and com-
puter systems may be economical, Here again, independent
file processing units in the form of the disclosed inven-
tion are of great advantage as preparatory input file means
and are very suitable as user-oriented means in the out-
put channels of central systems.

Although, as hereinbefore illustrated, especially in
the charts, the data required in the operative files of the
various departments are very different from each other and
require individual handling with respect to the required
detail, grouping and timing of processing, it is apparent
that the planning and control functions should have for
best results an integrated communication network be-
tween such files at various levels of activity.

The great influence of sales figures on sales inventory
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planning and control and on production planning and
control, and consequently on the purchasing, budgeting
and financial planning and control, and vice versa, is ob-
vious, and there is a great need that computers assist in
solving the complexity of these problems. This requires
that the computers improve:

the possibilities for an integrated planning, control and
up-dated reporting system,

the potential use of flexible budget, standard and schedul-
ing systems,

the speed for detecting variances and reacting on ex-
ceptions on the managerial level,

the potentials of local planning, control and up-dated re-
port systems with speedy and rapid reaction,

the reliability of presenting facts and their mutual de-
pendency, and

the capacity to check various alteratives before major
decisions are made and to improve or optimize the
efficiency of such decisions,

It is apparent, however, that not every change in an
operative sales file, requires a change in financial, budget-
ary or production planning; just as many changes in pro-
duction planning and control do not influence the sales

~ or financial planning and, as many financial planning

changes do not influence the current sales and production
planning and control, although some do. One common
file containing all the data and fulfilling all these complex
requirements simultaneously appears to be a very difficult
solution due to the resulting technical and programming
systems complexity, except in a very simple case. How-
ever, the application of the recognized basic management
principles of multiple management combined with man-
agement by exception may result in achieving such an aim
and may provide an integrated computer system for plan-
ning, control and updated reporting without having to
interfere technically with such basic management prin-
ciples.

A comparison may explain the principle proposed. It
is generally known that it is not necessary to transmit
all receipt and withdrawal transactions for all the items
of inventory from all localities cross-country to one center
file in order to insure that in case of a surplus of certain
items at one place and a demand at another place an ex-
change may occur. It is only necessary that such excep-
tion information for surplus or demand be transmitted to
a communicating center or at first to the nearest geographi-
cal localities for a possible interchange, and therefore
for such purpose such exception information has to be
locally, for example, automatically, produced.

Similarly, the departments or other organizational users
may retain their authority over operative file systems if
provision is made for the detection and reporting of ex-
ceptions, and if such exceptions exceed certain limits of
interference with other areas of activities within an or-
ganization a decision has to be made to select this or
another solution of the problem. The principal require-
ment is the common network and the accessibility to each
information sequence, if needed.

Common and integrated budgetary and standard prin-
ciples are fully applicable. This permits every possible
freedom in deciding upon mutual interaction by setting
rules, when variances have to be brought to the attention
of, for example, the central controller, and he may in
turn set up his own managerial rules for interdepartmental
communication levels.

Auditor trails and generally applied systems methods
may be set for the proper use of the individual freedom of
action, but they are set by coordination of efforts by a
communicating computer file system to permit opera-
tion according to the principles of multiple management
and management by exception,

(E) Objects

The principal object of the present invention is to
provide a new and improved data handling system.
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An object of the present invention is to provide a
completely dynamic data handling system,

In accordance with the present invention, a data han-
dling system comprises a dynamically operable proc-
essing file system having a plurality of storage means
having a plurality of information units stored in a first
storage means of the file system and key field data corre-
sponding to each of the information units stored in a
storage means of the file system and having at least an-
other storage means adapted to store the information
units. Transfer means transfers the information units
from the first storage means of the file system to a sec-
ond storage means of the file system and retransfers the
information uvnits from the second storage means to an-
other storage means of the file system. Control and
processing means transfers the information units and
processes the information units during the transfer of the
information units by the transfer means in accordance
with predetermined instructions and in dependence upon
the key field data and retransfers the information umits
and processes the information units during the retransfer
of the information units by the transfer means in accord-
ance with predetermined instructions and in dependence
upon the key fields.

The plurality of information units are stored in se-
quence in a first storage means of the file system and
control and processing means transfers and retransfers
the information units in n passages and rearranges the se-
quence of the information units into a new sequence of
information units during each of the n passages of the in-
formation units by the transfer means in accordance with
instructions determined for each of the passages and in
dependence upon the key field data wherein during the
first of the n passages selected information units of the
plurality of information units are combined to form a
plurality of groups of information units with the key field
data within each group in a first sequence of one of as-
cending and decending order and during the second of s
passages selected ones of the groups of information units
are combined with selected others of the groups of in-
formation units to form a first combined group of infor-
mation units with the key field data within the first com-
bined group of information units in the first sequernce and
during the third of the n passages selected ones of the
groups of information units are combined with the first
combined group of information units to form a second
combined group of information units with the key field
data within the second combined group of information
units in the first sequence and during the nt® passage the
total length of the combined group includes all the in-
formation units initially stored in the file system.

A plurality of information units are combined in a
first stream of information units with the key field data
within the first stream in a first sequence of one of
ascending and decending order and during the n passages
selected ones of the first-mentioned plurality of informa-
tion units are combined to form a second stream of infor-
mation units with the key field data within the second
stream in the first sequence and during the n-|-Ith pas-
sage selected information units of the first stream of in-
formation units are combined with selected information
units of the second stream of information units to form
a third stream of information units wherein identical key
fields are positioned in the third stream in the first se-
quence.

In accordance with the present invention, control and
processing means transfers and retransfers the selected
fields of the information units in m passages and processes
the selected fields of the information units during each
of the m passages of said information units by transfer
means in accordance with instructions determined for
each of the passages and in dependence upon key field
data and transfers the information units to the output
storage means in the m't passage. The processing in-
cludes at least one of rearranging, calculating and tabulat-
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ing of selected fields of the information units whereby in
one of the m passages new information units comprising
the sclected fields of the information units are formed and
are transferred to the output storage means in the mth
passage.

In accordance with the present invention, an embodi-
ment of a time slot changing arrangement comprises a
storage for storing a stream of bits of information units
and means for selectively deriving from the storage the
bits of the information units at determined time instants.

In accordance with the present invention, another em-
bodiment of a time slot changing arrangement comprises
a plurality of delay means each having a delay time dif-
ferent from the delay times of the others for delaying a
plurality of successive bits of information units and
means for delaying a plurality of successive bits of in-
formation units in a selected one of the delay means.

In accordance with the present invention, a data trans-
fer arrangement comprises a first dynamic storage hav-
ing a plurality of information units stored therein and
a second dynamic storage. Transfer means transfers the
information units from the first storage to the second
storage. Processing means processes the information units
during the transfer of the information units by the trans-
fer means. Control means controls the transfer of the
information units by the transfer means in accordance
with instructions received from each of the first and
second storages.

In accordance with the present invention, a data storage
arrangement comprises an elongated signal carrier
adapted to move in the direction of its length and having
a plurality of transverse tracks and rotatable sensing and
recording means rotatably mounted in operative prox-
imity with the transverse tracks of the signal carrier.

In accordance with the present invention, a data stor-
age arrangement comprises a housing and a signal carrier
supported in the housing. A movable signal head support
is in the housing and extends out of the housing and a
signal head is mounted on the signal head support in
operative proximity with the signal carrier.

In accordance with the present invention, a data print-
ing arrangement comprises a storage having a plurality
of bits of information stored thereon. The bits of infor-
mation are combined in groups representing different
characters. A printer prints a plurality of lines including
the different characters, each of the plurality of lines be-
ing printed in a plurality of steps. Control means cou-
pled between the storage and the printer selectively trans-
fers the bits of information to the printer and actuates
the printer to print each line by printing a first character
wherever it appears in the line in a first step and by
printing each subsequent character wherever it apears in
the line in each subsequent step until the line is printed.

In accordance with the present invention, a comparator
arrangement comprises a circuit arrangement having
first and second stable states, a first input for switching
the circuit arrangement to its first stable state and a sec.
ond input for switching the circuit arrangement to its
second stable state. A first input supplies a first signal
to be compared and a second input supplies a second
signal to be compared. A first gate connected between
the first input and the circuit arrangement has an input
electrode connected to the first input, an output electrode
connected to the first input of the circuit arrangement
and a control electrode for making the first gate con-
ductive for a signal from the input electrode to the
output electrode when a signal is supplied to the control
electrode instantaneously with a signal at the input elec-
trode. A second gate connected between the second input
and the circuit arrangement has an input electrode con-
nected to the second input, an output electrode connected
to the second input of the circuit arrangement and a
control electrode for making the second gate conductive
for a signal from the input electrode for the output elec-
trode when a signal is supplied to the control electrode



3,548,381

27

instantaneously with a signal at the input electrode. A
first inverter is connected between the first input and the
control electrode of the second gate. A second inverter
is connected between the second input and the control
electrode of the first gate whereby if a signal is supplied
by the first input and a signal is not supplied by the
second input the first gate is made conductive and con-
ducts the signal supplied by the first input to switch the
circuit arrangement to its first stable state, if a signal
is supplied by the second input and a signal is not sup-
plied by the first input the second gate is made conduc-
tive and conducts the signal supplied by the second input
to switch the circuit arrangement to its second stable
state, if a signal is supplied by both the first and second
inputs the circuit arrangement remains in its previous
condition and if a signal is not supplied by both the
first and second inputs the circuit arrangement remains
in its previous condition.

The dynamic data handling system of the present in-
vention provides considerable advantages over static
memory computers and especially core memory com-
puters, It is considerably less expensive to record in a
track of the data handling system of the present inven-
tion as opposed to a core. The data handling system

of the present invention may perform a number of func- ¢

tions simultaneously whereas a core memory can only
perform a single function at a single time. The instruc-
tions for the core must first be prepared and put in the
program. A part of the core memory must then be ad-
dressed. Then the instructions must be read out and fed
to a register and the register must be instructed. The
core operation is thus a slow one.

The core driver system is very expensive and can do
only one thing at a time with the core. The entire mem-

ory performs only one function at a time and its speed 3

is in the range of 500 kilocycles to one megacycle. The
data handling system of the present invention has a
greater speed than the core memory relative to its size
and does not utilize individual driving since it has no
need for driving; the information being arranged in said
data handling system in sequential order. The need for
cores is eliminated by direct synchronization of storages.

In presently known computers, the information is stored
in different registers and the program has to direct all
the operations. Due to the storing of information and
result in separate registers, elaborate programming is
necessary to obtain results. In the data handling system
of the present invention, the data is recorded in sequence
in a track and is therefore readily accessible, thereby
reducing necessary programming. The program has
merely to direct addition or subtraction and to select an
output position.

In the data handling system of the present invention,
each field is recorded in a specific position. The program
js recorded one field ahead, so that selected data is
directly handled and data handling is achieved with fa-
cility. Programming is very easy and different programs
are very easily coordinated.

The arithmetic operations of the data handling system
of the present invention are achieved in less time and
at greater speeds than presently known arithmetic opera-
tions and therefore entail considerably less expense than
known arithmetic operations.

In tape systems, wherein information is stored in tracks,
there are necessarily idle runs. The data handling system
of the present invention permits the bypassing or jump-
ing of undesired or unnecessary areas of information.
The data handling system of the present invention thus
retains the advantages of tapes, such as, for example,
sequential order sorting, and combines these advantages
with the advantages of a file, such as, for example, direct
access to a selected information.

The files utilized in the data handling system of the
present invention may be changed like tape reels because
there is no need for access to all the parts of the mem-
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ory simultaneously. This is due to the fact that the
parts of the memory are in sequential order and the
operation is only in a fraction of the memory. The cost
of the files is thus reduced, since otherwise, all the in-
formation would have to be directly accessible.

A tape has a surface space of only about an eighth of
a file surface space at full speed rotation. The files of
the data handling system of the present invention have
the highest surface speed attainable, when parallel tracks
are utilized.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the present invention may be readily
carried into effect, it will now be described with reference
to the accompanying drawings, wherein:

FIG. 1 is a survey, in block diagram form, of the
handling of data in reference and operative files for infor-
mation units referring fo planning, control and various up
to date report periods and their relationship to each other;

FIG. 2a is a graphical illustration of bit clock pulses
in a character time;

FIG. 2b is a graphical illustration of the bit clock pulses
and the sub-bit clock pulses in their proper time relation;

FIG. 3 is a graphical illustration of the bit clock and
sub-bit clock tracks;

FIG. 4 is a graphical illustration of the derivation of
sub-bit clocks from bit clock pulses;

FIG. 5 is a graphical illustration of the derivation of
bit clocks from sub-bit clock pulses;

FIG. 6 is an illustration of an interlaced system;

FIG. 7 is an illustration of a format track of the present
invention;

FIG. 8 illustrates a rotating member with four sectors,
four times interlaced in each storage track;

FIG. 9 illustrates one character, four times interlaced,
or four characters in interlaced position, in binary code;

FIG. 10 illustrates the first two bits of sixteen informa-
tion units in interlaced position;

FIG. 11 is an illustration of the tabulating and distrib-
uting operations;

FIG. 12 is a schematic block diagram of an embodiment
of the basic data handling system of the present invention;

FIG. 13a is a schematic block diagram of an embodi-
ment of an arrangement for the transfer of information
between low speed and high speed storages driven by one
drive means illustrating the electrical components of the
arrangement;

FIG. 134 is a schematic block diagram of the embodi-
ment of FIG. 13a illustrating the mechanical components
of the arrangement of FIG. 13a;

FIG. 14 is a schematic block diagram of an arrange-
ment for the use of low speed exchangeable storages with
high speed storages; .

FIG. 15 is a schematic diagram of an embodiment of
an arrangement for transfer to and from a file;

FIG. 16 is a schematic block diagram of an arrangement
for rearranging a plurality of sensing units for the selec-
tion function;

FIG. 17 is a schematic block diagram of an arrange-
ment for rearranging information units with a plurality
of recording units;

FIG. 18 is a schematic block diagram of an arrangement
for rearranging information units by using timed sensing
units;

FIG. 194 is a schematic block diagram of an arrange-
ment for rearranging information by using timed record-
ing units;

FIG. 195 is a schematic block diagram of an arrange-
ment for rearranging information by using timed record-
ing units;

FIG. 20 is a schematic block diagram of an arrangement
for rearranging informations by using a plurality of locally
switchable and timed sensing units;

FIG. 21 is a schematic block diagram of an arrange-
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ment for merging information units by using two process-
ing storages with a plurality of switchable sensing units;

FIG. 22 is a schematic block diagram of an arrange-
ment for merging informations by using one processing
storage with a timed sensing unit;

FIG. 23 is a schematic block diagram of an arrange-
ment for merging informations using one processing stor-
age with a plurality of locally switchable and timed sens-
ing units;

FIG. 24 is a schematic block diagram of two arrange-
ments of a dynamic storage with a plurality of sensing
units;

FIG. 25 is a schematic block diagram of two arrange-
ments of a dynamic storage with a plurality of recording
units;

FIG. 26 is a schematic block diagram of a time slot
changing device;

FIG. 27 is a schematic block diagram of an arrange-
ment for changing the sub-bit time clock;

FIG. 28 is a schematic block diagram of an arrangement
for changing the character position using a shift register
and a static register;

FIG. 29 is the arrangement of FIG. 28 using two shift
registers;

FIG. 30 is a schematic block diagram of an arrange-
ment for changing the position of an information using
a number of fixed delay means with controlled input;

FIG. 31 is the arrangement of FIG. 30 with controlled
outputs;

FIG. 32 is a schematic block diagram of an arrange-
ment for stepwise changing of the position of informations
using revolvers;

FIG. 33 is a schematic block diagram of an arrangement
for the stepwise change of the position of an information
using a tapped revolver;

FIG. 34a is a schematic block diagram of an arrange-
ment for the sub-bit clock controlled stepwise switchable
time changing of information;

FIG. 34b is a schematic block diagram of another ar-
rangement for the sub-bit clock controlled stepwise switch-
able time changing of information;

FIG. 34c is a schematic block diagram of an arrange-
ment for the time changing of informations utilizing a
revolver with interlaced information storage connected
with input and output control;

FIG. 35a is a schematic block diagram of an arrange-
ment for the time changing of informations utilizing a re-
volver with interlaced information storage and a con-
trolled feedback time;

FIG. 35b is a schematic block diagram of another ar-
rangement for the time changing of informations utiliz-
ing a revolver with interlaced information storage and a
controlled feedback time;

FIG. 36 is a schematic block diagram of an arrange-
ment for synchronizing dynamic storages of different
kinds;

FIG. 37 is a schematic block diagram of an arrange-
ment showing the connection between a static and a
dynamic storage;

FIG. 38 is a schematic block diagram of an arrangement
for a synchronous transfer of information from one stor-
age to a dynamic storage;

FIG. 39 is a schematic block diagram of an arrange-
ment for input and output of information stored in a
dynamic storage with interlaced storage places;

FIG. 40 is a schematic block diagram of an embodiment
of an arrangement for the sequential selection of format
control and program control information;

FIG. 41a is a schematic block diagram of an embodi-
ment of an arrangement for simultaneous processing with
parallel means;

FIG. 415 is a modification of the embodiment of FIG.
41a;

FIG. 42 is a schematic block diagram of an embodi-
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ment of an arrangement for simultaneous processing in
successive cycles utilizing paralle] means;

FIG. 43 is an embodiment of an arrangement for si-
multaneous processing in cycles controlled by preceding
cycles utilizing parallel means;

FIG. 44a is a schematic block diagram of an embodi-
ment of an arrangement for the simultaneous processing
of two informations in a time shared manner;

FIG. 44b is a schematic block diagram of an embodi-
ment of an arrangement for the simultaneous processing
of three informations in a time shared manner;

FIG. 44c is a schematic block diagram of an embodi-
ment of an arrangement for the simultaneous processing
of three informations in a time shared manner in succes-
sive cycles utilizing parallel means;

FIG. 45 is a schematic block diagram of an embodi-
ment of an arrangement for the simultaneous processing
of three informations in a time shared manner in cycles
controlled by preceding cycles utilizing parallel means;

FIG. 46 is a schematic block diagram of an embodi-
ment of an arrangement illustrating simultaneous proces-
sing in successive cycles controlled by a sub-bit clock and
utilizing parallel means;

FIG. 47 is a schematic block diagram of an embodi-
ment of an arrangement which may be utilized as a
multi-channel terminal;

FIG. 48 is a schematic block diagram of an embodi-
ment of an arrangement utilized as an asynchronous in-
formation output device;

FIG. 49 is a schematic block diagram of the basic
components of an embodiment of the data handling sys-
tem of the present invention;

FIG. 50 is a schematic block diagram of the basic
components of an embodiment of the sorting and merging
arrangement of the present invention;

FIG. 51 is a modification of the embodiment of the
sorting and merging arrangement of FIG. 50;

FIG. 52 is an illustration of sorting fields on a disc;

FIG. 53 is another embodiment of the sorting and
merging arrangement of FIG. 50;

FIG. 54 is a schematic block diagram of an embodi-
ment of the presensing and transfer control stations of
FIG. 50;

FIG. 55, which compirses FIGS. 55a, 55b, 55¢ and 554,
is a schematic block diagram of an arrangement of a
sprting and merging arrangement of the present inven-
tion;

FIG. 55¢ is a schematic diagram of an embodiment
of a positioning arrangement which may be utilized in the
arrangement of FIG. 55;

FIG. 56 is an illustration of the tracks of FIG. 55 in
extended layout;

FIG. 57 is a schematic representation of an embodi-
ment of gear coupling between a drum and a disc storage;

FIG. 58 is a diagrammatic presentation of a form in
which the switching tracks may be used for the sorting,
collating and selecting of informations;

FIG. 59 is another diagrammatic presentation of a form
in which the switching tracks may be used for the sorting,
collating and selecting of informations;

FIG. 60 is another diagrammatic presentation of a
form in which the switching tracks may be used for the
sorting, collating and selecting of informations;

FIG. 61 is another diagrammatic presentation of a
form in which the switching tracks may be used for the
sorting, collating and selecting of informations;

FIG. 62 is another diagrammatic presentation of a form
in which the switching tracks may be used for the sort-
ing, collating and selecting of informations;

FIG. 63 is another diagrammatic presentation of a
form in which the switching tracks may be used for the
sorting, collating, and selecting of informations;

FIG. 64 is a schematic diagram of an embodiment of
a crosswise tape sorting and collating arrangement of the
present invention;
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FIG. 65 is a schematic block diagram of an embodi-
ment of an arrangement for the switching of the signal
heads of FIG. 55 in sequential order;

FIG. 66 is a schematic block diagram of an embodi-
ment of an assembly track loading arrangement of the
present invention;

FIG. 67, which comprises FIGS, 67a, 67b and 67¢, is a
schematic block diagram of an embodiment of a three
channel comparator of FIG. 55 with associated control
circuitry;

FIG. 68, which comprises FIGS, 684, 68b and 68c, is a
schematic block diagram of an embodiment of a pre-
sensing and transfer contro] arrangement of FIG. 55;

FIG. 69 is a schematic block diagram of an embodi-
ment of an arrangement for controlling the length of
sub-groups of information units in a sorting process dur-
ing the different runs;

FIG. 70 is an illustration of crosswise tape recording
and sensing;

FIG. 71 is an illustration of combination sorting and 2

merging with a serial drum computer and comparing
register;

FIG. 72a is a schematic diagram of a displacement of
an embodiment of an arrangement for stepwise track
switching;

FIG. 72b is a view of an embodiment of a circular
spiral track of the arrangement of FIG. 72a;

FIG. 73 is a schematic diagram of an arrangement for
storage to sorting track gearing;

FIG. 74 is a schematic block diagram of an embodi-
ment of an arrangement for the asynchronous input of
information units with limited buffer capacity and ro-
tatably switched heads;

FIG. 75 is a schematic block diagram of an arrange-

ment illustrating the contrast between the storing of in- 3

formation units in succession and the storing of informa-
tion units in an interlaced manner;

FIG. 76, which comprises FIGS. 76a and 7685, is a sche-
matic block diagram of an embodiment of a data transfer
arrangement of the present invention;

FIG. 77, which comprises FIGS. 774, 77b and 77c, is
a schematic block diagram of an embodiment of the
sorting portion of FIG. 76;

FIG. 78 is a tabular illustration of the field delay op-
eration of the arrangement of FIG. 76;

FIG. 79 is another tabular illustration of the field de-
lay operation of the arrangement of FIG. 76;

FIG. 80, which comprises FIGS. 80a and 808, is a sche-
matic block diagram of an embodiment of a modification
of FIG. 77 for information units with variable lengths;

FIG. 81, which comprises FIGS. 81a, 815, 81c and 814,
is a schematic block diagram of the arrangement of FIG.
80 in more specific detail;

FIG. 82 is a schematic block diagram of an embodi-

ment of a sorting arrangement of the data handling sys- 5:

tem of the present invention;

FIG. 83 is a schematic block diagram of an embodi-
ment of an input-output file group storage arrangement
which may be utilized in the arrangement of FIG. 82;

FIG. 84 is a schematic block diagram of an embodi-
ment of a prestorage arrangement 2071 of FIG. 82;

FIG. 85, which comprises FIGS. 85z and 855h, is a
schematic block diagram of an embodiment of the track
and group switching control arrangement 2073 of FIG.
82;

FIG. 86, which comprises FIGS. 86a and 865, is a
schematic block diagram of an embodiment of the track
and group selection contro! arrangement 2076 of FIG. 82;

FIG. 87 is a schematic block diagram of an embodi-
ment of the presensing and transfer storage control ar-
rangement 2074 of FIG. 82;

FIG. 88 is a schematic block diagram of an embodi-
ment of the comparator control arrangement 2089 of
FIG. 82;
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FIG. 89, which comprises FIGS. 892 and 895, is a
schematic block diagram of an embodiment of the signal
generator arrangement 2096 of FIG. 82;

FIG. 90 is a schematic block diagram of an embodi-
ment of the information unit selector arrangement 2094
of FIG. 82;

FIG. 91, which comprises FIGS. 91a and 91b, is a
schematic block diagram of an embodiment of the key-
board or sorting word selection program 2095 for the field
selector 2093 of FIG. 82;

FIG. 92 is a schematic block diagram of an embodi-
ment of the field selector arrangement 2093 of FIG. 82;

FIG. 93, which comprises FIGS. 93¢ and 93b, is a
schematic block diagram of an embodiment of the delay
arrangement 2092 for the sorting fields portion of FIG. 82;

FIG. 94 is a schematic block diagram of an embodi-
ment of the buffer and storage revolver arrangement 2101,
2102 of FIG. 82;

FIG. 95 is a schematic block diagram of an embodi-
ment of the comparator arrangement 2078 of FIG. 82;

FIG. 96 is a schematic block diagram of an embodi-
ment of the sorting group control arrangement 2088 of
FIG. 82;

FIG. 97 is a schematic block diagram of an embodi-
ment of the reassembling revolver arrangement 2103 of
FIG. 82;

FIG. 98, which comprises FIGS. 98z and 98b, is a
schematic block diagram of an embodiment of the reas-
sembling revolver control arrangement 2105 of FIG. 82;

FIG. 99, which comprises FIGS. 994, 995 and 99¢, is a
tabular presentation of the three way merging system of
the present invention;

FIG. 100, which comprises FIGS. 100a and 1006, is
another tabular presentation of the three way merging
system of the present invention;

FIG. 101, which comprises FIGS. 101a and 1015, is
another tabular presentation of the three way merging
system of the present invention;

FIG. 102, which comprises FIGS. 102a and 1025, is
another tabular presentation of the three way merging
system of the present invention;

FIG, 103, which comprises FIGS. 103a and 1035, is
another tabular presentation of the three way merging
system of the present invention;

FIG. 104, which comprises FIGS. 104a and 104b, is a
schematic block diagram of an embodiment of the data
handling system of the present invention;

FIG. 105 is a schematic block diagram of an embodi-
ment of a presensing and sorting word preparing arrange-
ment of the present invention;

FIG. 106 is a schematic block diagram of an embodi-
ment of the sub-clock and revolver input control of FIG.
105;

FIG. 107 is a tabular presentation of the flow of data
through the arrangement of FIG. 105 with respect to
time;

FIG. 108 is a schematic block diagram of an embodi-
ment of a comparator which may be utilized in the ar-
rangement of FIG. 104,

FIG. 109 is a schematic block diagram of a field selec-
tor control arrangement which may be utilized in the ar-
rangement of FIG. 104;

FIG. 110 is a schematic block diagram of an embodi-
ment of a static comparator which may be utilized as the

5 program selector or format selector of the arrangement

of FIG. 104;

FIG. 111 is a schematic diagram of an embodiment of
a field revolver which may be utilized in the arrangement
of FIG. 104;

FIG. 112 is a schematic diagram of another embodi-
ment of a field revolver which may be utilized in the ar-
rangement of FIG. 104;

FIG. 113 is a schematic block diagram of an embodi-
ment of a field justifier which may be utilized in the ar-
rangement of FIG. 104;
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FIG. 114 is a graphical presentation of the ficld posi-
tions before and after justification in the arrangement of
FIG. 104;

FIG. 115 is a graphic and tabular presentation of the
field positions before and after justification of the arrange-
ment of FIG. 104;

FIG. 116 is a schematic block diagram of an embodi-
ment of a field positioner for the field revolver of FIGS.
111 and 112;

FIG. 117 is a schematic block diagram of an embodi-
ment of a buffer storage revolver which may be utilized
in the arrangement of FIG. 104;

FIG. 118 is a schematic block diagram of an embodi-
ment of a field positioner for the field justifier of FIG.
113 with respect to the sub-bit time clock;

FIG. 119 is a schematic block diagram of an embodi-
ment of a comparator which may be utilized in the ar-
rangement of FIG. 104;

FIG. 120 is a schematic representation of a presensing
arrangement which may be utilized in the arrangement of
FIG. 104;

FIG. 121 is a schematic block diagram of an embodi-
ment of a sensing arrangement for program information
which may be utilized in the arrangement of FIG. 104;

FIG. 122 is a schematic block diagram of an embodi-
ment of a universal delay line which may be utilized with
the arrangement of FIG. 104;

FIG. 123 is a schematic block diagram of a first em-
bodiment of an arithmetic unit which may be utilized
in the arrangement of FIG. 104;

FIG. 124 is a schematic block diagram of a first em-
bodiment of an arithmetic control unit of the arrange-
ment of FIG. 104;

FIG. 125 is a tabular representation of the change
of program instruction under the signs of the informa-
tions 1 and 2 of the arithmetic control unit of FIG. 124:

FIG. 126 is a tabular representation of the arithmetic
process of addition and subtraction of the arithmetic
unit of FIG. 123;

FIG. 127 is a schematic block diagram of a second
embodiment of an arithmetic unit which may be utilized
in the arrangement of FIG. 104 and which may be
utilized in a system of more than six channels;

FIG. 128 is a schematic block diagram of a second
embodiment of an arithmetic control unit which may be
utilized in the arrangement of FIG. 104;

FIG. 129 is an illustration of the addition operation
with a filler in a non-decimal system;

FIG. 130 illustrates the information A of the multipli-

cation operation in a one character revolver in binary |

coded, 4 times interlaced representation;
FIG. 131 illustrates the units digit of information A
of the multiplication operation in the control triggers;
FIG. 132 illustrates the transfer of information B and

Bc into the adder under the control of the units digit of ;

information A in the multiplication operation;

FIG. 133 illustrates the shifting of information A one
sub-bit time in the multiplication operation;

FIG. 134 illustrates the addition of the sum of B and
Bc to Bd in a one character delay line in the multiplica-
tion operation;

FIG. 135 illustrates the shifting of information A
one sub-bit time to move the hundreds digit to sub-bit
time 4 in the multiplication operation;

FIG. 136 illustrates the shifting of information A one
sub-bit time so that the thousands digit is moved to
sub-bit time 3 in the multiplication operation;

FIG. 137 is a schematic block diagram of an embodi-
ment of an arrangement which functions as a read-write
circuit to permit the selection of one or more informa-
tions from a stream of informations stored in four in-
terlaced channels;

FIG. 138 is a schematic block diagram of an embodi-
ment of an arrangement for synchronizing a delay line
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with a rotating memory which may be utilized in the ar-
rangement of FIG. 104;

FIG. 139 is a schematic block diagram of an embodi-
ment of a combination of random and sequential file
of the present invention;

FIG. 140 is a schematic block diagram of the portion
of the arrangement of FIG. 139 which controls the
counter 3517;

FIG. 141 is a schematic block diagram of an ar-
rangement illustrating the further handling of the daily
transactions of the arrangement of FIG, 139;

FIG. 142 is a schematic diagram of an embodiment of
a magnetic record card memory unit;

FIG. 143 is a schematic diagram of another embodi-
ment of a magnetic record card memory unit;

FIG. 144 is a schematic diagram of another embodi-
ment of a magnetic card memory unit;

FIG. 145 is a schematic diagram of another embodi-
ment of a magnetic record card memory unit;

FIG. 146 is a schematic diagram of another embodi-
ment of a magnetic record card memory unit;

FIG. 147 is a schematic block diagram of an embodi-
ment of a transfer arrangement for a plurality of inputs
to a rotating memory;

FIG. 148 is a schematic block diagram of an embodi-
ment of a transfer arrangement for the transfer of infor-
mations to a rotating storage;

FIG. 149 is a schematic block diagram of an embodi-
ment of an asynchronous input circuit arrangement of
the present invention;

FIG. 150 is a schematic block diagram of an embodi-
ment of a multichannel input circuit arrangement of the
present invention;

FIG. 151 is a schematic block diagram of an embodi-
ment of the switch for input heads unit 3844 of FIG. 150;

FIG. 152 illustrates the operation of the circuit ar-
rangement of FIG. 150;

FIG. 153, which comprises FIGS. 153a, 1535, 153c,
153d, 153e, 153f and 153g, is a schematic block diagram
of an embodiment of a multiplex input arrangement of
the preseat invention;

FIG. 154 is a schematic block diagram of an embodi-
ment of a multichannel input arrangement including an
unlatched keyboard;

FIG. 155 is a side view of an embodiment of a flexible
disc arrangement of the present invention;

FIG. 156 is a side view of another embodiment of
a flexible disc arrangement of the present invention;

FIG. 157 is a side view of still another embodiment
of a flexible disc arrangement of the present invention;

FIG. 158 is a schematic block diagram of an embodi-
ment of an offline printer of the present invention;

FIG. 159 is a schematic block diagram of an embodi-
ment of a printer release 4138 and print positioner 4136
which may be utilized in FIG. 158;

FIG. 160 is a schematic block diagram of an embodi-
ment of an arrangement utilizing delay lines with static
storages represented by core storages;

FIG. 161 is a schematic block diagram of an embodi-
ment of a two way comparator arrangement of the
present invention;

FIG. 162 is an illustration of two information units
of FIG. 161;

FIG. 163 is a schematic block diagram of an embodi-
ment of a three way comparator arrangement of the
present invention;

FIG. 164, which compries FIGS. 164a, 1645 and 164c,
constitutes a tabular illustration of a system of the pres-
ent invention for sorting in groups of tracks;

FIG. 164 is a schematic block diagram of an embodi-
ment of an arrangement for the sorting in groups of
tracks illustrated in FIG. 164 illustrating the electrical
components of the arrangement;

FIG. 165b is a schematic block diagram of the em-
bodiment of FIG. 165a illustrating the mechanical com-
ponents of the arrangement of FIG. 165a;
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FIG. 166 is a schematic block diagram of an embodi-
ment of a presensing and transfer control arrangement;

FIG. 167 is a schematic block diagram of an embodi-
ment of a variable to fixed field shifting arrangement;

FIG. 168 is a schematic block diagram of a portion
of the data handling system of FIG. 104;

FIG. 169 is a schematic block diagram of an embodi-
ment of a control delay line;

FIG. 170 is a schematic block diagram of an embodi-
ment of a control delay line;

FIG. 171 is a schematic block diagram of a random
and sequential file; and

FIG. 172 is a schematic block diagram of an embodi-
ment of an arithmetic unit.

In the drawings, the same components are identified
by the same reference numerals.

Definitions
(A) Binary code

Informations handled in a data system are in code.
Each letter, number or sign is translated into a code
which is understood by the machine. In the machine
code, each letter, number or sign or symbol comprises
a number of primary or basic information signals. There
are only two primary or basic information signals such
as, for example, a positive and a negative voltage, a posi-
tive and a negative current, a positive and a negative
magnetic condition of a magnetic material, the presence
and absence of a voltage, the presence and absence of
a current, etc.

The combinations of the two primary or basic informa-
tion signals into a code arrangemenmt is illustrated in
Tables I and II. Table I illustrates the binary code uti-
lized in the data handling system of the present invention
and Table II illustrates the binary alphabet code which
may be utilized in the data handling system of the present

invention.
TABLE [.—BINARY CODE

Code position

Character 1 2 4 Interpretation

One position and two position.

Zero position and four position.
One position and four position.

Two position and four position.
Qne, two and four position.

Y XTryupeyeyey X N X N N ¥ ¥ T

QO @ B i i B P —~—B O
[ X peyepeyiy 3 B W R X N )

TABLE II.—BINARY ALPIIABET CODE

Code position

A

1S
=}
o

Character 1

!9 0000000000000 000RRBBOISBSIOIOSS | T

t
|
I

[E N ETORT X RN peewee iy NN N NEYENE X N
Lt K NN RN NN RST e R  N N X B

— 0O~ ® 00—~ 0 O 0@ @
N et A A A X A A R A R N R NN RN )
(RN EEENERENENENENENENE NN N NN ]
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In Tables I and II, one of the two primary or basic
information signals is represented by 1 and the other
is represented by a dot. The elements of the combination
of primary information signals may occur in an electrical
circuit in sequence at a point in said circuit or simulta-
neously in parallel in said circuit. The primary informa-
tion signal represented in Tables I and II by 1 is called
a bit and the primary information signal represented by
a dot is called “no bit.” This is for the purpose of sim-
plification of illustration, since the circuitry and arrange-
ments of the present invention may utilize other primary
information signal systems.

As illustrated in Tables I and II, each letter, number,
sign or symbol comprises a set number of positions for
the primary information signals. The primary informa-
tion signal positions are called bit positions. Each letter,
number, sign or symbol is represented by its own arrange-
ment of the presence or absence of bits in the different
bit positions. In the present invention, each letter, num-
ber, sign or symbol is represented by the eight bit posi-
tion code arrangement peculiar to it.

The binary system values relate to powers of two, so
that in Table I the four bit positions have values of 1, 2,
4 and 8. The sum of the values of all four bit positions
indicates the magnitude of the number, in Table I. In
Table II, which illustrates the binary alphabet code, the
first four bit positions are the same as in Table I and the
last four bit positions are identified as A, B, P, O.

The binary alphabet code is an 8 bit code. The first
four bits represent numerals 1, 2, 4, 8. There are several
code combinations utilizing the last four bits. The last
four bits, identified as A, B, P, O, are called zone bits.
The O position is an extra position and may be used
for special purposes. The P position is a parity check
position into which a bit is placed to make the sum of
the bits in the 8 bit character odd. Thus, if the number
of bits in bit positions 1, 2, 4, 8, A and B is even, a bit
is added to bit position P to make the number of bits
odd. If the data handling system misses a bit, the number
of bits in the eight bit positions is even and the data
handling system detects and indicates an error.

The A and B positions indicate that letters of the al-
phabet, signs or symbols are represented rather than the
numerals indicated in the first four positions, Numbers
have no bits in bit positions A and B. Thus, for example,
the first sixteen letters of the alphabet, A to P, may be in-
dicated by the numerals 1 to 16, respectively, indicated by
the first four positions, and a bit in either the A position,
the B position, or both the A and B positions. The remain-
ing ten letters of the alphabet, Q to Z, would then be in-
dicated by the numerals 1 to 10, respectively, indicated by
the first four positions, and a bit in the B position if the A
position is utilized to indicate the first sixteen letters, or a
bit in the A position if the B position is utilized to indicate
the first sixteen letters, or a bit in either the A or the B
position if both the A and B positions are utilized to indi-
cate the first sixteen letters.

The A, B, or combination A and B positions, may, of
course, be utilized to indicate the first 15, 14, 13, 12, 11
or 10 letters of the alphabet; with another of the A, B,
or combination A and B positions being utilized to indi-
cate the remaining 11, 12, 13, 15, 15 or 16 letters of the
alphabet. In this instance, the numerals indicated by the
first four positions would be 1 to 15, 1 to 14, 1 to 13, 1
to 12, 1 to 11, or 1 to 10, respectively, for the first portion
of the alphabet.

All three of the A, B, and combination A and B posi-
tions may be utilized if the first 9 letters of the alphabet
are indicated by the first four positions indicating the nu-
merals 1 to 9, the next letters of the alphabet being indi-
cated by the numerals 1 to 9 and the last letters of the al-
phabet being indicated by the numerals 1 to 8. In this in-
stance, the indications for the three groups of letters may
be A, B, and A and B; B, A, and A and B; A, A and B
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and B; B, A and B, and A; A and B, A and B; or A and
B, B and A.

In any code arrangement, of which a great number are
possible, the numerical indications of the first four posi-
tions need not, of course, be in increasing order, but may
be in decreasing order or possibly in no order at all.

A punctuation sign may be indicated similarly to the
letters of the alphabet but, of course, distinct therefrom.
Thus, for example, any numeral indication over or under
a predetermined value and a zone bit of A, B, or A and
B may be utilized to indicate punctuation,

(B.) Times and clocks

In the disclosure of the present invention, expressions
such as sub-bit time or sbt, bit time or bz, character time
or cht, information unit or IU, sub-bit clock, bit clock and
character clock are utilized. The bits of a letter, number,
sign or symbol in a non-parallel system occur in sequence
at a specific point in the circuit. In order for the system to
properly handle such bits, such system must be advised of
the bit position of each bit passing such specific point in
the circuit. A separate pulse generator produces one pulse
for each bit position in order to define the bit positions.
The pulse generator produces eight pulses within the pe-
riod of time required for the eight bit positions of a char-
acter to pass a specific point in sequence. These pulses rep-
resent the bit clocks and each pulse defines a specific bit
time. The first pulse in the eight pulse sequence defines bit
time 1, the second pulse defines bit time 2, the third
pulse defines bit time 3, the fourth pulse defines bit time
4, the fifth pulse defines bit time §, the sixth pulse defines
bit time 6, the seventh pulse defines bit time 7 and the
eighth pulse defines bit time 8.

The time from the first pulse of a group of eight bit
clock pulses to the first pulse of the next group of eight
bit clock pulses is the character time, because within this
time a character of eight bit positions passes a specific
point in the circuit. The first pulse of a group of eight bit
clock pulses is thus the character clock pulse.

In the disclosure, a fixed field comprises eight charac-
ter positions. Thus, the first character clock pulse of a
group of eight character clock pulses is also the field
clock pulse and the time from one field clock pulse to the
next is the field time. An information unit of fixed length
comprises 128 characters or 16 fixed fields.

Since the present invention utilizes an interlaced system
of recording and handling data, each bit time is divided
into sub-bit times. In the present disclosure, the number of
bit positions is multiplied by four, since each bit time is di-

vided into four sub-bit times. The bit times are the same :

but each comprises four independent bit positions. The
four independent bit positions within a bit are defined by
the sub-bit clock, The time between two successive sub-
bit clock pulses is the sub-bit time.

The bit times, sub-bit times, etc., are all dependent
upon the bit rate, If the bit rate is assumed, for the pur-
poses of illustration, to be one megacycle per second, then
the following times are in effect. It is also assume that the
system utilizes 4 channels or sub-bit times.

A bit time is the time, 4 microseconds, between bits
in adjacent bit positions. A bit time is 4 sub-bit times and
one eighth of a character time and is abbreviated br.

A sub-bit time is the time, one microsecond, between
bits in adjacent sub-bit positions. A sub-bit time is one
quarter of a bit time and is abbreviated sb¢.

A half character time is the time, 16 microseconds, be-
tween the first and the fourth of four consecutive adjacent
bits. A half character time is 4 bit times and one half of
a character time.

A character time is the time, 32 microseconds, between
the first and the eight of eight consecutive adjacent bits. A
character time is 8 bit times and 32 sub-bit times and is
abbreviated cht.

There are thus 4 sub-bits in a bit and 8 bits in a char-
acter, so that there are 32 sub-bits in a character time.
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As hereinbefore stated, there are 8 characters in a fixed
field and 1 to 8 characters in a field. There are up to 128
characters in an information or record unit. A word is a
field of variable length, always smaller than an informa-
tion unit. A sector is larger than an information unit.
There may be four information units in a track length so
that there would then be 512 characters in a track. There
also may be two information units in a track length, as
in some illustrations herein. Since the characters are 4
times interlaced, there would be 16 information units, or
2048 characters, in a track. There would be 128 tracks
on a disc surface, so that there would be 256 tracks, or
(256) (2048), which equals 524,288 characters, on a disc
unit with two surfaces. The terms information unit and
record unit are identical and are used interchangeably
and are abbreviated IU and RU.

As hereinbefore stated, a sub-bit clock appears before
each sub-it time. A bit clock appears before each bit time.
These clocks are used for control purposes, such as, for
example, gating. A character clock or pulse appears be-
fore the first bit of each character. A field pulse or clock
appears before each 8 characters. A sector pulse or clock
appears before each information unit. Every item in an
information line is preceded in another, or control, line
by a clock or pulse which functions as a control pulse,
such as, for example, by gating. Each clock functions also
as a synchronizing pulse running ahead of the informa-
tion; the clock or synchronizing pulse being in the control
line and the information pulse being in the information
line.

The given times in microseconds refer to arrangements
with a one megacycle bit rate. For converting to other
bit rates, the given times in microseconds or the absolute
time are to be understood to be in a relative time system
and are in micro time units.

FIG. 24 illustrates the bit clock pulses in a character
time and the definitions of the bit positions. A bit place
is any place where there is a bit.

FIG. 2p illustrates the bit clock pulses and the sub-bit
clock pulses in their proper time relation. Since there are
four sub-bit times in each bit time, there are four possi-
ble bit places in each bit time.

A sub-bit is the position of a bit within a bit time: the
bit being the unit of information. The bits of information
are synchronized by the sub-bit and bit clocks. The bit
clock appears at the beginning of each of the 8 bit times
of a character and positions the bit in the proper bit
time. Because of the different value or meaning of the
bits within a character, the bit times are indicated in
FIGS. 2a and 2b as 1,2, 3,4, 8, A, B, P, O, which de-
fine the bit or indicate the value of the bit.

In FIG. 2b, the bit clock comprises four sub-bit pulses
in the bit time. The leading edge of each bit clock pulse
appears at the beginning of each bit time. As is clearly
illustrated in FIG. 25, the sub-bit clock is a delayed bit
clock. Sub-bit clock 1 is separated from the bit clock and
is delayed with respect to the bit clock. The bit clock
must precede the sub-bit clock in order to properly con-
trol the trigger circuits of the data handling system of the
present invention,

In the data handling system of the present invention,
a special clock track is provided on the rotating memories
in order to position the clocks properly in relation to
the informations stored in other tracks of the rotating
memories. A special clock track is provided for bit
clocks and another special clock track is provided for sub-
bit clocks.

FIG. 3 illustrates bit clock and sub-bit clock tracks. If
a sub-bit clock track is not provided, the sub-bit clocks
are derived from the bit clocks by delay means. The
sub-bit clocks need not be on different tracks. The differ-
ent sub-bit clocks may be derived from the bit
clock by delaying the pulse for a selected fixed time. The
bit clock pulses may be derived from the sub-bit clocks
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by utilizing the sub-bit clock pulses to drive a shift register
or counter, Other clock pulses may be similarly derived.

FIG. 4 illustrates the derivation of sub-bit clocks from
bit clock pulses. As illustrated in FIG. 4, delay means are
utilized to derive the sub-bit clocks from the bit clock
pulses.

FIG. 5 illustrates the derivation of bit clocks from sub-
bit clock pulses. As illustrated in FIG. 5, a counter is
utilized to derive the bit clocks from the sub-bit clock
pulses, The shortest time between two bits is the sub-bit
time which may be called a micro time unit.

A clock generator produces a one megacycle pulse; that
is, 1,000,000 pulses per second. These pulses are shifted
through a four trigger shift register to produce four dif-
ferent 250 kilocycle signals; that is, 250,000 pulses per
second. The four 250 kilocycle signals are called sub-bit
clocks 1, 2, 3 and 4, respectively.,

An information can only be synchronized with one of
these four sub-bit clocks. Thus, the sub-bit clock of an
information may be used as a characteristic of the in-
formation. That is, a first information group may be
placed with sub-bit clocks 1 and 2 and a second informa-
tion group may be placed with sub-bit clocks 3 and 4.
There is a one microsecond time period between sub-bit
clocks. The sub-bit clocks may also be used to position in-
formation in a track. Thus, for example, the second in-
formation unit 5 is always with sub-bit clock 2. The sub-
bit clock is always used to control the delay time, as
hereinafter described .

In the interlaced system of the present invention, the
information units are stored in a dynamic storage, As
hereinbefore described, the bits of the different sub-bit
times of a bit time belong to different informations and
are independent of each other. FIG. 6 illustrates an inter-

laced system. The interlaced system of FIG. 6 utilizes :

four sub-bit times.

As illustrated in FIG. 6, the bits of the character of
information unit 1 are positioned in sub-bit time 1. The
bits of the character of information unit 2, which is posi-
tioned in the same place as the character of information
unit 1 is positioned in information unit 1, are positioned
in sub-bit time 2. The bits of the character of information
unit 3, which is positioned in the same place as the char-
acter of information unit 1 is positioned in information
unit 1, are positioned in sub-bit time 3. The bits of the
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a format signal at the beginning and at the end. Since the
format signal at the beginning of a word is also the format
signal for the end of the next preceding word, and since
the start of an information unit is defined by a special
clock pulse, the format signal is positioned at the end of
the word is corresponds to. The format signal may com-
prise a single bit. Thus, in a system where there are four
sub-bit times in a bit time and in which six positions
of the eight bit code are utilized for characters, there are
{(4) (6) or 24 bit positions, so that the format for 24
different types of information unit may be stored in a
character time.

In F1G. 7, the solid lines indicate sub-bit time 1 and
the dotted lines indicate sub-bit time 2. As indicated
each format track can hold, in the length of an informa-
tion unit, 24 formats according to 4 interlaced channels
and 6 bit places.

The format indicates the signal “end of word” and can
also indicate the sequence number of the field. The for-
mat may be presented in the following ways. First, it may
come as a signal “end of word” connected with the infor-
mation. In this case, there is no restriction on the field
length. Second, the signal “end of word” may be stored
as a single pulse in a format track in the described man-
ner and is used for all information of the same type or sub-
ject matter. Since the format track is prepared initially, the
signal “end of word”™ in the format track must be spaced
apart a minimum distance equal to the maximum field
length, for each field. That is, the signal “end of word” in
the format track for each field must allow for the maxi-
mum possible information in the field. It is possible, for
example, to have 8,000 units of machinery (4 digit
spaces) and only 97 units counted. The signal “end of
word” in the format track must be at 4 character places
past the preceding signal “end of word.” Third, instead
of storing the signal “end of word” or a signal pulse
representing the signal “end of word,” the format track
may store a field sequence signal. Fourth, in case of fixed
field lengths for every kind of information, no signal “end
of word” and no format is needed.

The four format presentations are illustrated in Table
1iI. In Table I, the information unit is assumed to be
the word A to F. Each real character is represented by
an x and each vacant character place is indicated by an o,

) . - > O 1% © 45 TABLE 1IL—FORMATS
charatcer of information unit 4, which is positioned in First:
the same place as the character of information unit 1 N B P b B -
is positioned in information unit 1, are positioned in e [ ] ] ‘ ‘ ] ‘
. . . Muaximum__.. XXX XX XXXX XX XX X XX
sub-bit time 4. o o - . E E E B ¥ ) B
The four sub-bit times of a bit time may be utilized in 50 A W w W wOwW w
a group control program in the data handling system of
the present invention. In such case, the sub-total is posi- * B © Db ® F
tioned in sub-bit time 1, the group total is positioned in —
sub-bit time 2, the total is positioned in sub-bit time 3 and Minimam... L x Lox | ox ] ox Lox fox ]
the grand total is positioned in sub-bit time 4. Thus, all 53 W OwW W W W W W
the bits of four information units are available in one
Second:
Maximum ... XXX X X X XXX X XXX X | X X Information track.
E Formal track.
w
Minimwn ... x 00 ] X 0 X000 X000 X Xo Information track.
E Format track.
w
bit time. A sub-bit time is aéso lfnox&fn Es a time slo§ in Third: (Format only)
an interlaced system and a bit time is known as a time
H 70 A1 BICID|E[F |

slot in a non-interlaced system,
(C) Format
FIG. 7 illustrates a format track of the present inven-
tion. The format defines the characters of a word of un
information unit. Each word in an information unit has

Fourth: Fixed field length. A fields have the same length; for example,
8 characters.
The end of field signal is always in the sub-bit time
in which the field is recorded. Since the format is a se-
quence of end of field signals, it indicates the field length.
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Each end of field signal may vary in position over 24 bit
times in order to vary the length of the field. Each field
or word of an information unit has a specific code in the
format track.

(D) Interlacing

A number of information units, of which the bits follow
each other in sequence, may be stored on a dynamic mem-
ory. A sequence of information units in which the key
fields of the information units are in ascending or descend-
ing order is known as a stream of information units. To
permit simultaneous access to each information unit stored
on the dynamic storage, as many sensing means as there
are stored information units must be provided. The dis-
tance between successive sensing means is equal to the
fixed length of the information unit and is called a sec-
tor. Sector clock pulses are positioned in the sector. The
time between successive sector clock pulses is the infor-
mation unit time or IU time. In the interlaced system, the
number of signal heads (read and write heads) may be
reduced to the number of sub-bit times in a bit time,

FIG. 8 illustrates a rotating memory with four sectors,
four times interlaced in each storage track. Sixteen infor-
mation units of sector length may be stored in each track.
The information units are stored in sequence, each infor-
mation unit being numbered. The sector sequence is clock-
wise, as opposed to the trigonometric sequence, which is
counterclockwise. Sector 1 is the first trigonometric quad-
rant, zero to 90 degrees. Sector 2 in the fourth trigono-
metric quadrant, 270 to 360 degrees. Sector 3 is the third
trigonometric quadrant, 180 to 270 degrees. Sector 4 is the
second trigonometric quadrant, 90 to 180 degrees.

Each information or record unit is a sector length or
less; information unit 1 is recorded in sub-bit time 1 of
sector 1, information unit 2 is recorded in sub-bit time 1
of sector 2, information unit 3 is recorded in sub-bit time
1 of sector 3, information unit 4 is recorded in sub-bit
time 1 of sector 4, information unit 5 is recorded in sub-
bit time 2 of sector 1, etc,

FIG. 9 illustrates one character, four times interlaced,
or four characters in interlaced position, in binary code.

FIG. 10 illustrates the first two bits of sixteen infor-
mation units in interlaced position.

Table IV indicates the positions of the interlaced infor-
mation units, as illustrated in FIG. 10.

TABLE IV.—POSITIONS O%‘ %N:]‘ER LACED INFORMATION
JNITS

Sector  Sub-bhit
Information unit number time  Track
1 1 1
2 1 1
3 1 1
4 1 1
1 2 1
2 2 1
3 2 1
4 2 1
1 3 1
2 3 1
3 3 1
4 3 1
1 4 1
2 4 1
3 4 ]
4 4 1
1 1 2
2 1 2
3 1 2
4 1 2

(E) Group control

FIG. 11 illustrates group control, or the tabulating
and distributing operations. To facilitate the explanation
of the program called group control, it is assumed that the
information has the following fields: person, group, de-
partment, factory, gross income, tax, insurance deduction,
code.

The first four fields are identified as a person in a
group within a department, the department within a fac-
tory and the factory within a company. Each of these
four identification fields may consist of 1 to 4 characters.
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In FIG. 11, each field has only one character for simplifi-
cation. The last field of the information unit, which is the
code, belongs to the insurance deductions and identifies
the insurance company to which the premiums must be
paid.

The first operation to be performed is the selection of
the tax and the tabulation of the tax into four groups, as
shown by the four tabulating registers. The first register
is a tab register which corresponds to the person. The tax
per group is provided by the second tab register. The
third tabulating register provides the tax per department.
The fourth tab register provides the tax per factory. The
four tabulating registers for the insurance deductions are
utilized in the same manner.

As stated, there are several insurance companies serv-
ing the workers, so insurance deductions must be distrib-
uted into three registers according to the three insurance
into three registers according to the three insurance com-
panies A, B and C.

It is assumed that the first information unit corresponds
to person 1, group 1, department 1, factory 1. His gross
income was $100.00, of which he had to pay $20.00 as
tax and $10.00 to his insurance company, which is iden-
tified by code character A. Thus, tax of $20.00 is added
in the tabulating register 1 of the tax group and the insur-
ance deduction $10.00 is added in tab register 1 of the
insurance group and into the distribution register A.

The next following information unit corresponds to the
same person, so the content of the first four fields, which
are sorting words, is the same as the preceding four fields.
The gross income is $80.00, the tax is $16.00 and the in-
surance deduction to the insurance company A is $8.00.
The $16.00 is added in tab register 1 of the tax group
and the $8.00 is added to the tab register 1 of the insur-
ance group and the distribution register A, so the balance
of the tax tabulator 1 is $36.00. The balance of the insur-
ance tab register 1 is $18.00 and the balance of the dis-
tribution register A is $18.00.

The third information unit corresponds to the same
person indicated by the number 1. The gross income of
$120.00, the tax deduction of $24.00 and the insurance
deduction of $12.00 are added into the respective registers
as indicated.

The fourth information unit corresponds to a person
2 of group 1, department 1, factory 1, so there is a differ-
ence between the preceding sorting word and the newly
sensed sorting word in the first field. The content of the
tab register 1 for the tax and insurance deduction is
therefore transferred into the tab register 2 and the tab
register 1 is cleared. The content of the tax register 1 is
then zero, that of tax register 2 is $60.00 and those of
tax registers 3 and 4 are zero. The content of the insur-
ance tab register 1 is zero, that of insurance register 2 is
$30.00, and those of insurance registers 3 and 4 are zero.
The content of the distribution register A is $30.00.

The fourth information unit, for person 2, has a gross
income of $50.00 and $10.00 tax and $5.00 insurance de-
ductions. The insurance deductions of person 2 go to com-
pany B. The $10.00 tax is added into the tab register 1
of the tax group and the $5.00 insurance deduction is
added into the tab register 1 of the insurance group. The
$5.00 insurance deduction is also added to the distribu-
tion register B.

The fifth information unit corresponds to the worker 2
so that the tax and insurance deductions are added, as
illustrated, in the tab registers 1 for tax and insurance
and the insurance deduction is also added in distribution
register B.

The sixth information unit corresponds to another per-
son, so the contents of the tab registers 1 must first be
added to the tab registers 2 so that they are cleared before
the information unit of the person 3 can be handled. The
worker 3 has a gross income of $110.00, a tax deduction
of $22.00, and an insurance deduction of $11.00. The
$11.00 insurance deduction goes to the insurance com-
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pany C. The tax and insurance deductions are added in
the cleared tab registers 1 and the insurance deduction is
also added in the distribution register C because of the
code C.

The seventh information unit has a change, relative to
the preceding information wunits, in the reference number
in the first and second fields on the left, so the tab registers
2 of the tax and insurance groups are first transferred to
the tab registers 3 and cleared. The contents of the tab
registers 1 are transferred to the tab registers 2 and
cleared, The information unit 7 may then be handled by
transferring tax and insurance deductions to tab registers
1. The insurance deduction is also added to the contents
of the distribution register B.

The eighth information unit corresponds to another per-
son. but to the same group as the preceding information
unit, so the contents of the tab registers 1 need only be
added to the contents of the tab registers 2 and the tax
and insurance deductions of the eighth information unit
must be transferred to these registers.

The ninth information unit corresponds to the same
person so it is only an addition process in the tab registers
1 and in the distribution register C.

The tenth information unit corresponds to another per-
son, in another group and in another department of the
same factory, so the contents of tab register 1 must be
transferred to the tab register 2, the contents of tab reg-
ister 2 must be transferred to the tab register 3, and the
contents of tab register 3 must be transferred to tab reg-

ister 4. The first three registers must be cleared, The de- :

ductions of the tenth information unit may be added to
the tab registers 1 and the insurance deduction is also
added to the distribution register A, due to the character
A in the field of the insurance code.

The contents of the tab register 1 of the tax group are 3:

then $18.00, those of tab registers 2 and 3 of the tax
group are zero and those of tab register 4 of the tax group
are $160.00. The contents of tab register 1 of the insur-
ance group are $9.00, those of tab registers 2 and 3 of the
insurance group are zero and those of tab register 4 of
the insurance group are $80.00. The contents of distribu-
tion register A are $39.00, those of distribution register B
are $27.00 and those of distribution register C are $23.00

FIG. 11 illustrates how datas are tabulated under con-
trol of the four sorting fields of the sorting word and how
a code belonging to another field controls the distribu-
tion of the contents of the field to three different regis-
ters.

The tabulator is the arrangement indicated and shown
as the tabulating track in a system and comprises a plu-
rality of field storages known in the tabulation arrange-
ment as tab registers. The tabulator is a well known ar-
rangement in the computer art and therefore does not re-
quire further explanation.

SUMMARY OF THE INVENTION
Principal features of the invention
(A) Introduction

The principal features of the invention are illustrated
in FIGS. 12 to 48. Each of these figures is an embodi-
ment of an operative arrangement illustrating the corre-
sponding feature of the invention.

Each of FIGS. 12 to 48 is described with the object
of presenting the feature primarily illustrated by it. FIGS.
12 to 48 and their descriptions are presented as augmenta-
tive to the main body of the specification. The feature il-
lustrated by each of FIGS. 12 to 48 is indicated and de-
scribed by the disclosure relating to the figure.

(B) Transfer of information from one dynamic
storage to another

FIG. 12 is a schematic block diagram of an embodi-
ment of the basic data handling system of the present in-
vention. A dynamically operable processing file system 1
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comprises a plurality of storage means including a first
storage 2, a second storage 3, a third storage 4 and a
fourth storage 5. A plurality of information units is stored
in the first storage 2 and key field data corresponding to
each of the information units is stored in any of the stor-
ages 2, 3, 4 and 5 of the dynamically operable processing
file system 1.

A transfer unit 6 transfers the information units from
the first storage 2 to another of the storages of the dy-
namically operable processing file system 1 and retrans-
fers the information units from the other storage to still
another storage of said dynamically operable processing
file system. A control unit 7 and a processing unit 6 func-
tion to transfer and retransfer the information units in n
passages and rearrange the sequence of the information
units into a new sequence of information units during
each of the n passages of the information units by the
transfer unit 6 in accordance with instructions determined
for each of the passages and in dependence upon the key
field data of the information units.

The processing unit and the transfer unit are combined
as the processing and transfer unit 6 controlled by the
control unit 7. The control unit 7 is in turn controlled by
the instructions determined for each passage provided by
a program of a program source 8 and supplied to said
control unit and by the key field data of the information
units provided by a key field selector 9 from the storages
and supplied to said control unit.

During the first of the n passages, selected information
units of the plurality of information units are combined
to form a plurality of information units with the key field
data of each group in a first sequence of ascending or de-
scending order. During the second of the n passages, se-
lected ones of the groups of information units are com-
bined with selected others of the groups of information
units to form a first combined group of information units
with the key field data of the first combined group of in-
formation units in the first sequence, During the third of
the 1 passages, selected ones of the groups of information
units are combined with the first combined group of in-
formation units to form a second combined group of in-
formation units with the key field data of the second com-
bined group of information units in the first sequence.
During the ath passage, the total length of the combined
groups includes all the information units initially stored
in the dynamically operable processing file system 1.

A plurality of information units may be combined in a
first stream of information units with the key filled data
of the first stream in a first sequence of ascending or de-
scending order, During the n passages, selected ones of the
first plurality of information units may be combined to
form a second stream of information units with the key
field data of the second stream in the first sequence. Then,
during the n--1th passage, selected information units of
the first stream of information units may be combined
with selected information units of the second stream of
information units to form a third stream of information
units. Identical key fields are positioned in the third
stream of information units in the first sequence and in-
formation units having non-identical key fields are trans-
ferred from the first or second stream of information
units an another storage of the dynamically operable
processing file system 1.

The control and processing units 6, 7 may transfer
and retransfer selected fields of the information units in
m passages and may process the selected fields of the in-
formation units during each of the m passages of the
information units by the transfer unit 6 in accordance
with instructions determined for each of the passages pro-
vided by the program source 8 and in dependence upon
the key field data of the information units provided by
the key field selector 9.

The control and processing units 6, 7 then transfer
the information units to a first outpul storage 25 or a
second oulput storage 26, positioned independently from



3,548 381

45

the dynamically operable processing file system 1 as are
a first input storage 27 and a second input storage 28, in
the m*® passage. The processing includes one or more
rearranging, calculating and tabulating of selected fields of
the information units whereby in one of the m passages
new information units comprising the selected fields of the
information units are formed and are transferred to the
output storages in the mth passage.

In this case, a plurality of information units are com-
bined in a first stream of information units with the key
field data of the first stream in a first sequence of ascending
or descending order and a plurality of information units
are combined in a second stream of information units with
the key field data of the second stream of information
units in the first sequence. Selected fields of information
units of the first and second streams having identical key
field data are transferred from the first and second streams
of information units and combined to form new informa-
tion units and fields with identical content interact with
each other in arithmetic processes.

The dynamically operable processing file system 1 has
a storage capacity sufficient to accommodate a number
of information units exceeding the plurality of informa-
tion units initially stored in the first storage means 2.

The system illustrated by FIG. 12 is shown in FIGS.
55, 57 and 76 in greater detail.

FIGS. 134 and 135 are a schematic block diagram of
an embodiment of an arrangement illustrating the con-
nection between the exchangeable low speed storages of
the dynamically operable processing file system 1 and the
high speed input and output storages of the data handling
system of the present invention, FIG. 134 illustrates the
electrical components of the arrangement and FIG. 134
illustrates the mechanical components of the arrangement.
The rotating memories are driven by a synchronous drive
11 which is directly coupled to a shaft 12 on which a
plurality of storages including a processing storage 13
are mounted. Of the plurality of storages, storages 14,
15, 16 and 17 are illustrated.

Input and output storages 18, 19, 21 and 22 are driven
by a shaft 23. The shafts 12 and 23 are coupled together
through a suitable synchronizing arrangement 24. The
storages 14, 15, 16 and 17 of FIGS. 13a and 13k are
indicated in FIG. 12 as the storages 2, 3, 4 and 5, re-
spectively and the storages 18, 19, 21 and 22 of FIGS.
13a and 130 are indicated in FIG. 12 as the storages 25,
26, 27 and 28, respectively.

As indicated in FIGS. 13a and 134, and as illustrated
in figures which are hereinafter described, each of the
storages of the dynamically operable processing file sys-
tem 1 comprises a storage surface having a plurality of
adjacent tracks thereon and sensing and recording heads
mounted in operative proximity to the tracks. Syn-
chronous relative movement is provided between the
storage surfaces of the storages of the dynamically oper-
able processing file system 1 and the sensing and record-
ing heads of the synchronous drive arrangement 11. The
sensing and recording heads, as illustrated in figures which
are hereinafter described, are mounted on supports which
are selectively moved to position the sensing and record-
ing heads in operative proximity with selected tracks of
selected storage surfaces of selected storages of the dy-
namically operable processing file system 1. Each storage
has an upper storage surface and a lower storage surface.

The transfer unit 6 (FIG. 12) includes limited storages
having less capacity than a track of a storage surface.
The sensing and recording heads may be mechanically
moved or electrically switched in relation to the tracks of
the storage surfaces of the storages, as illustrated in
figures which are hereinafter described.

As illustrated in figures which are hereinafter described,
each of the sequences of information units may be stored
in a corresponding pair of tracks of the upper and lower
storage surfaces of the storages, one track of each pair
of tracks being on the upper storage surface and the
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other track of cach pair of tracks being on the lower
storage surface corresponding to the upper storage sur-
face. Each sequence of information units may also be
stored in a plurality of adjacent tracks of the upper stor-
age surface and a plurality of tracks of the corresponding
lower storage surface.

The predetermined instructions of the program of
the program source 8 (FIG. 12) may be stored in a
track of a storage surface of the dynamically operable
processing file system 1 and is sensed and derived in
time relationship with the sensing of fields of the informa-
tion units. Format data having a local relationship with
the information units stored in the dynamically oper-
able processing file system and identifying the beginning
or end of each information unit for different patterns
of information units may be stored in a track of a
storage of the dynamically operable processing file sys-
tem. The format data is selected by a sensed identi-
fying field of the information unit.

In FIGS. 13a and 13b the input-output storages 18,
19, 21 and 22 are positioned independently from. the
dynamically operable processing file system 1. In FIG.
13a, a processing and transfer unit 29 transfers informa-
tion units from the input-output storages 18, 19, 21 and
22 to the storages of the dynamically operable process-
ing file system 1 under the control of a control unit 30 in
accordance with predetermined instructions from a pro-
gram of a program source 105,

In FIGS. 13a and 135, the input-output storages 18,
19, 21 and 22 are exchangeably mounted. Each of the
input-output storages 18, 19, 21 and 22 has a storage
surface with a plurality of tracks thereon. Information
units are stored in a track and index data is stored in
a track of the storage surface of each of the input-output
storages. The index data indicates the position of groups
of sequentially stored key fields of information units
stored in the input-output storages. Index data is stored
in a storage of the dynamically operable processing file
system 1 and identifies the beginning and end of the
key fields of the information unit groups sequentially
stored in each of the input-output storages and the char-
acter of the type of key field of each.

The input-output storages may be rotated at the same
speed as the storages of the dynamically operable proc-
essing file system or may be rotated at a speed lower
than the speed of the dynamically operable processing
file system. Each track of each of the input-output stor-
ages has a gap equal in length to a length correspond-
ing to the time for switching from one track to another
to permit switching from track to track on the storage
surfaces of the input-output storages without interrupt-
ing the continuous operation of the data handling system.

The sensing and recording heads 106, 107, 108 and
109 of the storages 14, 15, 16 and 17, respectively, of
the dynamically operable processing file system 1 are
mounted for independent movement. The sensing and re-
cording heads 120, 121, 122 and 123 of the input-output
storages 18, 19, 21 and 22, respectively, may be mounted
on a common support 124 which selectively moves said
sensing and recording heads to operative proximity with
the storage surfaces of said storages. Thus, as shown in
FIG. 13b, each of the independently movable heads
106, 107, 108 and 109 may be moved by a corresponding
stepper or motor 10, 20, 30 and 40, respectively, and
the commonly movable heads 120, 121, 122 and 123
may be moved by a stepper or motor 50. The step-
pers 10, 20, 30, 40 and 50 are controlled by a control
unit 60 which includes a source of energy for the step-
pers.

The arrangement illustrated in FIGS. 13a and 13%
is illustrated in FIGS. 55, 57 and 76 in greater detail.

(C) Transfer of information between exchangeable
dynamic storages

FIG. 14 is a schematic block diagram of an arrange-
ment illustrating the use of the exchangeable storages
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with the input and output storages of the data handling
system of the present invention. The exchangeable stor-
ages are represented by four blocks 111, 112, 113 and
114. All four storages rotate at low speed and store
informations in successive sequence in the storage track.
The four blocks may be used as input storages or output
storages, or partly as input and output storages.

The input and output storage of the data handling
system is represented by four tracks 115, 116, 117 and
118 concentric to main shaft 119. These storages rotate
at high speed. The informations are stored in interlaced
fashion. The interlacing of informations extends the ca-
pacity of the input and output storage of the data
handling system. The use of exchangeable storages per-
mits the loading of the storage of the data handling
system with any kind of information.

The arrangement illustrated in FIG. 14 is shown
in FIGS. 55, 140, 141, 142, 143, 144, 145, 146 and 155
in greater detail,

(D) Transfer of information to and from a file

FIG. 15 is a schematic block diagram of an arrange-
ment of a storage comprising a number of discs each
having a plurality of storage tracks on the upper and the
lower side. In FIG. 15, the file comprises six discs 31
to 36 mounted on a shaft 37.

An arm is provided for each disc. Each arm carries
one read head and one write head for each side of the
corresponding disc. The arms 38 to 44 are shown in
broken lines. The read heads 45 to 57 are represented
by incomplete circles and the write heads 58 10 71 are
represented by incomplete circles of larger diameter than
those of heads 45 and 57. The arms may be moved back-
ward and forward, as indicated by double headed ar-
rows 72 to 77, so that the signal heads may be brought
over each of the storing tracks.

The read heads of the discs 31, 32 and 33 are con-
trofled by control station 78, which receives control sig-
nals via line 79 in time periods 1 to 6. The selected in-
formations are derived from the control station 78 via
line 31. Informations read by the heads 52 to 57 are fed
to control station 82 which receives control signals via
line 83 in time periods 1 to 6.

Informations fed through the control station 82 are
stored by write heads 84a to 84f on four storage tracks
85z to 85f. In FIG. 15, the tracks 85a to 85f are on a
separate disc 86. These tracks may be positioned as out-
side tracks on the discs 31 to 36. Informations stored in
the tracks 85a to 85f may be read by read heads 86a to 86f.
The read heads 86a to 86f are controlled by control sta-
tion 87, which receives control signals via line 88 in time
periods 7 to 12. Read informations are fed via line 89
to output line 91 which is also the output line for infor-
mations in line 81.

The storing of informations in the file is performed as 3

follows. Informations in line 92, which are to be stored
on the discs 31, 32 and 33 are fed via line 93 to transfer
station 94 which receives signal pulses via line 95 in time
periods 1 to 6. The transfer station 94 is connected to six
write heads 96a to 96f, each of these heads serving a
corresponding one of a plurality of storage tracks. The
head 964 is active in the time period 1, the head 965 is ac-
tive in time period 2, and so on. The stored informations
may be sensed by heads 97a to 97f. The heads 97a to 97f
feed the signals to control station 98 which receives con-
trol pulses in time periods 7 to 12 via line 99.

Information fed through the control station 98 are fed
to the write heads of the three discs 31, 32 and 33, In-
formations in line 92 in time periods 7 to 12 are fed via
line 101 to control station 102 which receives control
pulses in time periods 7 to 12 via line 103. The control
station 102 feeds the informations to the write heads 65
to 71 of the three discs 34, 35 and 36.

The described arrangement of FIG. 15 permits a contin-
tinuous transfer of informations from the discs 31 to 36
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to another storage (not shown in FIG. 15) or from an-
other storage (not shown in FIG. 15) to said discs by
using the intermediate storage tracks 85a to 85f and 1044
to 104f, read by the heads 97a to 97f. In the time the
informations are read into the tracks 104a to 104f or out
of the tracks 83z to 85f, the arms on which the signal
heads are mounted may be moved to another position.
In other words, in the time periods 1 to 6 the informations
are read out of the respective tracks on the discs 31, 32
and 33 and transferred via the lines 81 to 91 to another
storage, the informations stored in the respective tracks
of the discs 34, 35 and 36 are transferred to the inter-
mediate storage tracks 85a to 85f. During the time periods
7 to 12, the outside storage which is to receive informa-
tions receives these informations from the intermediate
storage tracks 85a to 85f through the control station 87,
line 89 and line 91,

Thus, during time periods 7 to 12 the read heads of
the six discs 31 to 36 do not sense and during this time
the arms 38 to 44 may be moved without interrupting the
continuous stream of informations via line 91 to the out-
side storage. The read-in process is similar. The informa-
tions in line 92 are stored during the time periods 1 to 6
in the intermediate storage tracks and the arms may be
moved during this time. During the time periods 7 to 12
informations in line 92 are fed directly via line 101 and
control station 102 to the write heads 65 to 71 of the
discs 34 to 36. During the time period 7 to 12 the in-
formations stored in the intermediate storage tracks 104a
to 104f are transferred via the control station 98 to the
write heads 58 to 64 of the discs 31, 32 and 33.

FIG. 15 illustrates the aforedescribed technique. It is
assumed that the arms may be moved from one track to
another during six time periods. If all the arms 38 to 44
are mechanically combined and cannot be moved inde-
pendently of each other, the time period for moving the
arms from one track to another may be longer. In this
case, the intermediate storage tracks must be extended.
The size of the intermediate storage track is therefore
determined by the time which is needed to move the arms
from one track to another under extreme conditions.
The size of the intermediate storage track also depends
upon the number of informations which must be trans-
ferred in such time to provide a continuous stream of
informations from the storage via line 91 to the outside
storage or to the storage from another storage via line 92.
If all the arms are independently movable and if the
arms need only move from one track to the next track,
the size of the intermediate storage is then a minimum.
These possibilities are hereinafter discussed in greater
detail.

The arrangement illustrated in FIG. 15 is shown in
FIGS. 55, 57, 75, 82 and 97 in greater detail.

(E) Rearrangement of information; various arrange-
ments of information in dynamic storages and access
to such informations for transfer.

FIG. 16 is a schematic block diagram of a serial, serial-
parallel, arrangement; the plurality of sensing and record-
ing units being locally switchable. The data informations
are stored in a first storage 126 in the sequence ¢, 4, d, a,
f, e, g, b. The informations may be sensed by the sensing
unit 127. The informations are fed through AND gate
128 to recording unit 129 which stores them in processing
storage 131 in the same sequence as in the first storage
126. The processing storage 131 has a plurality of record-
ing units of which eight are shown. The eight recording
units 132a to 132k are each connected with one of a plu-
rality of AND gates 133« to 1334.

During the time that the informations are transferred
from the first storage 126 to the processing storage 131,
specific parts are fed through line 134 to a control and
processing unit 135, The specific parts of the data are
represented by chi.d,af.e,g,b, as shown on the first storage
126. to illustrate the sequence of the data. The control
and processing unit 135 sorts the parts of the data fed to
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it. According to the sequence of the sorted identification
characters, the control and processing unit 135 opens the
AND gates 1334 to 1334 so that the informations may
leave the processing storage 131 in the sequence q, b, d, e,
f, & h. The informations are stored in the sequence on a
second storage 136 by recording means 137, At the end
of this process, the control and processing unit 135 opens
the AND gate 128 via line 138 to reload the processing
storage 131 from the first storage 126.

FIG. 16 illustrates the rearranging of data informations
by storing the informations in a storage by utilizing a
plurality of sensing units, which may be heads, pickup
coils or delay lines, etc. The use of the sensing units en-
ables the control and processing unit 135 to have access
simultaneously to all informations and said control unit
may select one information at a time according to the
sequence of such information with respect to the other
informations.

FIG. 17 is a schematic block diagram of an arrange-
ment similar to that of FIG. 16, comprising a first storage
145 with a sensing unit 146, an AND gate 147, a process-
ing storage 148, a second storage 149 with a recording
unit 151 and a control and processing unit 152 having a
connecting line 154 to the AND gate 147. All the storages
have the same speed or bit rate, as indicated by the “n”
adjacent each of said storages.

In contrast to FIG. 16, in FIG. 17 the control and
processing unit 153 does not control a number of sensing
units, but controls a plurality of recording units of storags
148. Eight of the plurality of recording units 1554 to 1554
are shown and each is connected to a corresponding one
of AND gates 1564 to 156h. The AND gates 156a to
156h are controlled by the control and processing unit
153 which receives specific parts of the data via line
157. The control and processing unit 153 determines by
which recording units the sensed information is to be
stored in the processing storage 148.

FIG. 17 thus illustrates how data may be rearranged
by using a storage with a plurality of recording units as
opposed to the arrangement of FIG. 16 which uses a
plurality of sensing units with the processing storage.

FIGS. 16 and 17 illustrate how a plurality of locally
switchable sensing and recording units may be used for
rearranging information. FIG. 18 is a schematic block
diagram of a successive interlaced arrangement; the plu-
rality of sensing and recording umits being timed. A first
storage 165 stores informations in the sequence c, &, d, a,
1. e, g, b. The informations are stored in the first storage
165 in the indicated sequence. A processing storage 166
has a speed or bit rate which is eight times greater than
that of the first storage 165, The bit rate of the first stor-
age 165 is thus indicated by » and the bit rate of the proc-
essing storage 166 is indicated by 8n.

The informations from the first storage 165 are stored
on the processing storage 166 in an interlaced manner
in eight sub-bit times. The informations are sensed by a
sensing unit 167 from the first storage 165 and are trans-
ferred through AND gate 168 to a first time slot changing
device 169. The time slot changing device 169 comprises
a bit storage which may be read out in any of the eight
possible sub-bit times indicated by sub-bit time Y. The
respective sub-bit time is selected by a signal in line 171
from a control and processing unit 172. The informations
from the first time slot changing device 169 are recorded
by recording means 173 in the processing storage 166. The
specific parts of the informations are fed via line 174 to
the control and processing unit 172 which determines the
sequence of sensing of the informations stored in the proc-
essing storage 166. The sequence signals are also fed via
line 175 from the control and processing unit 172 to AND
gate 176.

Informations sensed by a sening unit 177 and trans-
mitted by AND gate 176 are fed to a second time slot
changing device 178 which is similar to the first time slot
changing device 169. The sensed informations are trans-
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ferred from sub-bit clock Y to the bit clock of a second
storage 179 in which they are recorded by a recording
unit 181, After all the information units stored in the
processing storage 166 have been rearranged, said storage
is reloaded with other informations which are sensed from
the first storage 165 by opening the AND gate 168 via
line 182 from the control and processing unit 172. The
second storage 179 has the same speed or bit rate as the
first storage 165. The informations are thus stored again
in the second storage 179 in succession, but in a sequence
different from that in the first storage 165. The process
is similar to that illustrated by FIG. 16, but due to the use
of a higher bit rate for the processing storage and the use
of interlaced channels, the sensing unit 177 may only be
time controlled, as opposed to the locally controlled sens-
ing means of FIG. 16.

The information units transferred from the first storage
165 to the processing storage 166 are stored in the inter-
laced channels 1 to 8 in the sequence of their receipt by
said processing storage and they are selected when derived
from said processing storage by the AND gate 176. In a
similar manner, it is possible to control the first time slot
changing device 169 according to the specific parts of the
informations and rearrange the informations in the inter-
laced channels. This would then be equal to the process
illustrated by FIG. 17. The AND gate 176 would receive
a control signal via line 175 to gate the sensed informa-
tions in the sequence of the interlaced channels, so that the
first information fed through would be that stored on the
processing storage 166 in sub-bit time 1, the second in-
formation fed through would be that stored in sub-bit time
2 and the last information fed through would be that
stored in sub-bit time 8.

The arrangement illustrated in FIG. 16 is shown in
FIGS. 50, 51, 53, 54, 55, 56, 65, 75, 76, 77, 80, 81, 82,
87, 104 and 1635 in greater detail. The arrangement illus-
trated in FIG. 17 is shown in FIG. 74 in greater detail.
The arrangement illustrated in FIG. 18 is shown in FIGS.
75, 76, 77, 80, 81, 82, 84, 87, 94, 97, 104, 120, 121, 137,
150, 153 and 165 in greater detail.

FIG. 194 is a schematic block diagram of an arrange-
ment jllustrating the timed sensing and recording units
with storages having the same speed or bit rate. In FIG.
194, the storages all have the same bit rate and the infor-
mations stored on a first storage 188 and a second storage
189 are also interlaced, Informations are sensed from the
first storage 188 by a sensing unit 191 and are fed to an
AND gate 193.

The information transferred by the AND gate 193 is
recorded on a processing storage 194 by a recording unit
195. The specific parts of the informations identifying the
information unit such as, for example, the key fields, are
fed via a line 196 to a control and processing unit 197
which controls the transfer of informations from the first
storage 188 to the processing storage 194 via line 198 to
the AND gate 193.

After all the places of the processing storage 194 con-
tain information, the informations are read by a sensing
unit 201 and are fed to a time slot changing device 192.
The time slot changing device 192 comprises a bit storage
which permits the transfer of an information unit from
one sub-bit time to another, as indicated by the input sub-
bit time X and the output sub-bit time Y. X and Y rep-
resent any of the eight possible sub-bit times.

The information derived from the time slot changing
device 192 is fed to an AND gate 202 and informations
transmitted by said AND gate are fed to a recording unit
203 and are stored on the second storage 189. The con-
trol and processing unit 197 indicates via line 199 in which
of the eight possible sub-bit times the transferred informa-
tion must be stored and the AND gate 202 is controlled
by said control and processing unit via line 204.

FIG. 194 is a full interlaced system equivalent to that
of FIG. 16. The informations are stored on the processing
storage 194 in the same sequence in which they are stored
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on the first storage 188, but are stored on the second stor-
age 189 in the newly arranged sequence.

FIG, 195, as FIG. 194, is a schematic block diagram
of an arrangement illustrating the timed sensing and
recording units with storages having the same speed or
bit rate. In FIG. 195, the storages all have the same bit
rate and the informations stored on a first storage 188’
and a second storage 189" are also interlaced. Informa-
tions are sensed from the first storage 188 by a sensing
unit 191" and are fed to a time slot changing device 192’
via AND gate 193’. The time slot changing device 192’
comprises a bit storage which permits the transfer of an
information unit from one sub-bit time to another, as
indicated by the input sub-bit time X and the output sub-
bit time Y. X and Y represent any of the eight possible
sub-bit times.

The information derived from the time slot changing
device 192’ is recorded on a processing storage 194" by a
recording unit 195°. The specific parts of the informa-
tions identifying the information unit are fed via line 196
to a control and processing unit 197’ which controls the
transfer of informations from the first storage 188’ to the
time slot changing device 192’ via line 198’ to AND gate
193’. The control and processing unit 197’ also indicates
via line 199’ in which of the eight possible sub-bit times
the transferred information must be stored. After all the
places of the processing storage 194’ contain information,
the informations are read by a sensing head 201’ and are
transmitted through AND gate 202’ to a recording unit
203’ and are stored in the second storage 189’. The AND
gate 202’ is controlled by the control and processing unit
197’ via line 204'.

FIG. 195 is an arrangement equivalent to that of FIG.
17, using interlaced storages for the first storage, proc-

essing storage and second storage. The informations are ©*

stored on the processing storage 194’ in the newly ar-
ranged sequence and are stored on the second storage in
the newly arranged sequence. FIG., 194 is a full interlaced
system equivalent to that of FIG. 16 due to the connec-
tion, in FIG. 194, of the time slot changing device 192
between the sensing means 201 and the AND gate 202
instead of between the AND gate 193’ and the recording
means 195’, as shown in FIG. 19b.

The arrangements illustrated in FIGS. 19¢ and 196
are shown in FIGS. 75, 76, 77, 80, 81, 82, 84, 87, 94, 97,
104, 120, 121, 137, 150, 153 and 166 in greater detail.

FIG. 20 is a schematic block diagram of an arrange-
ment which combines the two basic arrangements of FIGS.
16 to 194 and 19b; the plurality of sensing and recording
units being locally switchable and timed. Informations are
stored in the first and second storages 211 and 212 in a
non-interlaced manner. The processing storage 213 has a
speed or bit rate four times higher than the bit rate of the
first and second storages 211 and 212. Thus, if the first
and second storages 211 and 212 contain sixteen in-
formations, these informations may be stored on the proc-
essing storage 213 in a manner such that four informa-
tions are stored around the track each one four times
interlaced.

The transfer of informations from the non-interlaced
first storage 211 to the interlaced processing storage 213
is through a sensing unit 214, AND gate 215, first time
slot changing device 216 and a recording unit 217. The
first time slot changing device 216 comprises a bit storage
which transfers the informations from the bit rate of the
first storage 211 to the corresponding sub-bit time of the
processing storage 213 under the direction of a control
and processing unit 218. The AND gate 215 is opened
during this time by a signal in line 219 from the control
and processing unit 218. The specific parts of the in-
formations, used in the control and processing unit 218
for identifying the informations, are fed to said control
and processing unit via line 221. The processing storage
213 has four sensing units 222q to 2224. Each of the
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sensing units 222a to 2224 is connected to a corresponding
one of AND gates 2234 to 2234 which are controlled by
the control and processing unit 218. The output lines of
the AND gates 223a to 223d are combined and feed the
selected informations to the recording units 224 of the
second storage 212.

FIG. 20 is equivalent to the combination of the ar-
rangements of FIGS, 16 and 18 in a single arrangement.

The arrangement illustrated in FIG. 20 is shown in
FIGS. 75, 76, 77, 80, 81, 82, 84, 87, 94, 97, 104, 120, 121,
137, 150, 153 and 165 in greater detail.

FIG. 21 is a schematic block diagram of an arrange-
ment illustrating the use of first and second processing
and third and fourth storages for merging in a non-
interlaced system. The information units of group 1 are
stored in a first storage 231. The information units of
group 2 are stored in a second storage 232. The object is
to merge these informations with respect to an identifica-
tion information within each information unit.

Informations of group 1 are transferred through a first
AND gate 233 to a first processng storage 234. Informa-
tions of group 2 are transferred through a third AND
gate 235 to a second processing storage 236, During such
transfer, the identification information of each informa-
tion unit is fed through lines 237 and 238 to a control
and processing unit 239. The control and processing unit
239 determines which information units are to be trans-
ferred to a third storage 241 and a second storage 242
and it also determines the sequence of the information
units. For this purpose, the control and processing unit
239 feeds control pulses through line 243 to second AND
gates 244q to 244h. The control and processing unit 239
controls the second AND gates 2444 to 244/ via line 243
to control the outputs of the sensing units of the first
processing storage 234. The control and processing unit
239 controls fourth AND gates 245q to 2454 via line 246
to control the outputs of the sensing units of the second
processing storage 236.

The control and processing unit 239 opens only one
of the AND gates 244a to 244k at a time and only
one of the AND gates 245a4 to 245k at a time. The se-
lected information is either fed through line 247 or line
248 to line 249 and through line 227 to the third and
sixth AND gates 251 and 252. The control and processing
unit 239 provides a signal in line 253 to open AND gate
251 if the selected information is to be stored in the
third storage 241. If the information unit is to be stored
in the fourth storage 242 the control and processing
unit 239 opens AND gate 252 via line 254, After all
the informations are transferred from the first and
second processing storages 234 and 236, the control and
processing unit 239 opens the AND gates 233 and 235
to reload the first and second processing storages 234
and 236. All the storages in the arrangement of FIG.
21 function at the same speed or bit rate, so that said
arrangement is equivalent to a combination of two
FIG. 16 arrangements, except for the control and
processing unit 239,

FIG. 22 is a schematic block diagram of an arrange-
ment for merging data which is equivalent to a combina-
tion of two FIG. 18 arrangements. The informations
are stored on first and second storages 261 and 262, re-
spectively, and on the third and fourth storages 263
and 264, respectively, in a non-interlaced manner. Proc-
essing storage 265 has a speed or bit rate which is
eight times greater than that of the first and second
and third and fourth storages, and stores the informa-
tions in an interlaced fashion. The informations from
the first storage 261 are stored in the processing storage
in the first half of the time slots and the informations
from the second storage 262 are stored in the processing
storage 265 in the second half of the time slots.

The single processing storage 265 is used for the first
and second storages. Information units from the first
storage 261 are sensed by sensing unit 266 and fed
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via AND gate 267 to a first time slot changing device
268, where it is transferred to a time slot under the con-
trol of the control and processing unit 269. The infor-
mations are fed from the first time slot changing device
268 to the processing storage 265 via line 271. During
the transfer of the informations from the first storage
261 to the processing storage 265, the identification in-
formation of each information unit is fed via line 272
into the control and processing unit 269. In the same
manner, information units from the second storage 262
are transferred through AND gate 273 to a third time
slot changing device 274 and thence to the processing
storage 265. The AND gate 273 is controlled by the
control and processing unit 269. The new time slot of
the information is provided by the control and processing
unit 269 via line 275. The informations are fed via line
276 from the third time slot changing device 274 to the
processing storage 265.

When the processing storage 2685 is filled up with infor-
mation units, the control and processing unit 269 starts se-
lecting information units according to their identification
information by opening either AND gate 277 or AND
gate 278. Information units sensed by a sensing unit
279 from the processing storage 265 are thus fed either
via AND gate 277 to the third storage 263 or via AND
gate 278 to the fourth storage 264. The contro! signals
for AND pate 277 are fed thereto via line 281 and the
control signals for AND gate 278 are fed thereto via
line 282. Each of the AND gate control signals is pro-
vided by the control and processing unit 269. When all
the information units of the processing storage 265 have
been transferred, the control and processing unit 269
opens AND gates 267 and 273 via lines 283 and 284 to
reload the processing storage 265. This may occur simul-
taneously because the information units are received in
different time slots.

FIG. 23 is a schematic block diagram of an arrange-
ment which is equivalent to the arrangement of FIG.
20. FIG. 20 is an arrangement utilizing a plurality of
locally switchable and timed sensing means. FIG. 23
is an arrangement utilizing a plurality of locally switch-
able and timed sensing means in a merging process. The
speed or bit rate of processing storage 291 is four times
higher than the bit rate of the first and second and third
and fourth storages. The information units are stored
in succession or sequence on the first and second and
third and fourth storages and stored in succession in
four times interlaced manner in the four storage places
of the processing storage 291.

Information units of group 1 are stored in the first
storage 292, those of group 2 are stored in the second
storage 293. The information units of group 1 are trans-
ferred through a first AND gate 294, a first time slot
changing device 295 and lines 296 and 297 to the
processing storage 291. The information units of group
2 are transferred through a third AND gate 298, a third
time slot changing device 299 and lines 301 and 297
to the processing storage 291. The first and third time
slot changing devices 295 and 299 transfer the informa-
tion units to selected time slots. In FIG. 23, where the
processing storage 291 has four interlaced channels,
information units of group 1 from the first storage 292
are transferred either to time slot 1 or 2 and infor-
mation units of group 2 from the second storage 293
are transferred either to time slot 3 or 4.

The identification parts of each information unit are
fed to the control and processing unit 302 from the first
and second storages 292 and 293, respectively, via the
lines 303 and 304. The control and processing unit 302
determines the sequence in which the information units
stored in the processing storage 291 are read out. The
control and processing unit 302 also determines which of
the four sensing units 305z to 3054 senses the selected
information unit. The sensing units 3054, 3055, 305¢
or 3054 is selected by the corresponding one of AND
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gates 3064 to 3064, which AND gates are centrolled by
signals from the control and processing unit 302 in line
307.

The selected information units are fed via line 308
from the AND gates 306a to 3064 to second and fourth
time slot changing devices 309 and 311. The second
and fourth time slot changing devices 309 and 311 are
controlled by the control and processing unit 302 via
lines 312 and 313. Information units fed through the
second time slot changing device 309 are stored in the
third storage 314 and information units fed through the
fourth time slot changing device 311 are stored in the
fourth storage 315. When all information units stored
in the processing storage 291 have been transferred
either to the third storage 314 or the fourth storage 315,
the control and processing unit 302 opens the AND
gate 294 via line 316 and opens the AND gate 298 via
line 317 to reload the processing storage 291 from the
first and second storages 292 and 293.

The arrangements illustrated in FIGS. 21, 22 and 23
are shown in the figures which illustrate the arrange-
ments of FIGS. 18, 19 and 20 in greater detail and in
FIGS. 55, 67, 68 and 160 in greater detail.

(F) Dynamic storages

The storages in FIGS. 16 to 23 are indicated by
symbols which indicate only that the storage is a dynamic
one with respect to the constant fluid motion of the
information. FIG. 24 illustrates the symbol 324 of the
dynamic storage with a plurality of sensing units 325a
to 325h and a single recording unit 326. This could be
replaced by a drum or disc storage 327 with a single write
head 328 and a plurality of read heads 3294 to 329h
or by a delay line storage with a single input 331 and a
number of taps or pickup coils 332a to 332h.

FIG. 25 illustrates the symbol 338 for a dynamic stor-
age with a plurality of recording units 339« to 3394
and a single sensing unit 341. This can be replaced by a
drum or disc storage 342 with a plurality of recording
heads 343a to 343k and a single sensing head 344 or by
a delay line consisting of several small delay lines 345a
to 345k connected in series. New information is fed in
between each adjacent pair of small delay lines and the
output is derived from the last delay line 3454 in the series
of delay lines.

The rotating storages and the delay line storages shown
in FIGS. 24 and 25 are only examples of types of dynamic
storages. Any other suitable type of dynamic storages
may be utilized,

(G) Time slot changing device for transferring infor-
mation from one dynamic location to another

FIG. 26 illustrates the symbol utilized in FIGS. 18, 19
and 20 and the following to indicate an arrangement
which functions as a time slot changing device to transfer
an information from one sub-bit time or time slot to
another sub-bit time or time slot. The time slot changing
device 352 may be controlled at the input by a control
line 353, or at the output by control line 354. The infor-
mation is fed to the time slot changing device 352 via
line 355 and is derived from said device via line 356.

In FIGS. 18, 19 and 20, the time slot changing device
is utilized to transfer an information from one sub-bit
time to another. In such a case, the time slot changing
device 352 preferably comprises a bit storage having input
and output control, as shown in FIG. 27. The time slot
changing device 352 may also be utilized to transfer the
bits of a character from one character time to another,
as shown in FIGS. 28 and 29 with a number of bit stor-
ages, or as shown in FIGS. 30 and 31 with a switchable
delay line arrangement. The time slot changing device
352 may also be utilized to transfer groups of characters
from one position to another, as shown in FIGS. 32, 33,
34 and 35.
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The time slot changing device of FIG. 27 comprises
a trigger 363 which functions as a bit storage. Informa-
tion bits are fed to the trigger 363 through line 355 and
are gated by AND gate 364 which is controlled by input
control signals in line 353, An information bit fed through
the AND gate 364 brings the trigger 363 to its set con-
dition. The output control signal in line 354 is a pulse
which opens AND gate 365 at a desired time instant to
transmit an output signal in line 356 from the trigger 363
if said trigger is in set condition. The signal pulse in line
354 is also fed via line 366 and delay 367 to the reset input
of the trigger 363 and resets said trigger. The trigger 363
remains in reset condition until a new bit of information
in line 355 is fed through the AND gate 364 to the set
input of said trigger.

The devices illustrated in FIGS. 26 and 27 are shown
in FIGS. 77, 94, 113, 116, 122 and 127 in greater detail.

FIG. 28 illustrates an embodiment of a time slot chang-
ing device which functions to transfer the bits of a charac-
ter from one character time to another. The bits of the
character are fed to the device via line 374 and AND gate
375 which is controlled by signals in line 376. The bits
are shifted through shift register 377, which comprises
as many bit storages as the character has bit positions.
The shift pulses are fed to the shift register 377 via line
378. As soon as the character is stored in the shift regis-
ter, sixteen AND gates 3794 to 379p are opened by a
signal in line 381. The output lines of the AND gates
3794 to 379p are connected with the set and reset inputs of
the corresponding ones of triggers 382q to 382h. The
triggers 382a to 3824 function as a static character storage.

The outputs of the triggers 382a to 382/ are gated by
the AND gates 383a to 383p. The AND gates 3834 to
383p are controlled by signals in line 384. It is possible Lo
read out the triggers 3824 to 382/ simultaneously by open-
ing the AND gates 383« to 383p in parallel by a signal in
the output control line 384 and it is possible to transfer the
bits of the stored character sequentially by controlling
each two AND gates corresponding to a trigger by sepa-
rate signals in the output control line 384. The transfer
time from the static storage 382a to 3824 through the
AND pgates 383z to 383p may be selected in the time
interval between the read-in time of the static storage
3824 to 382h and the time at which the next following
character is stored in the shift register 377.

FIG. 29 is an embodiment of an arrangement similar
to that of FIG. 28. The arrangement of FIG. 29 com-
prises the input shift register 377 and its shift pulse line

378, the input line 374, the AND gate 375, the AND gate _
control line 376, and the transfer AND gates 379a to °

379p and their control line 381.

Instead of the static storage 382 to 382% and its parallel
outputs of FIG. 28, in FIG, 29, the AND gates 379a to
379p transfer the bits of the character from the shift
register 377 to shift register 391, The shift register 391
functions as a static storage for the character bits. At a
predetermined time determined by a control pulse fed via
a line 392 to AND gate 393, shift pulses in line 394 may be
fed through AND gate 393 to the shift register 391. This
controls the output of the character from the shift register.
The bits of the stored character are derived from the
arrangement of FIG. 29 in line 395.

FIG. 30 is a schematic diagram of another embodiment
of a time slot changing device. The arrangement of FIG.
30 comprises a plurality of parallel delay lines each having
a length different from the others, The inputs to the delay
lines are fed through a plurality of AND gates 4024 to
402h. The information is fed to the AND gates 402q
to 402h via line 403. The AND gates 402a to 402/ are
controlled by an input control signal in line 404. The in-
formation may be fed through only one of the AND
gates 402a to 402/ to the corresponding delay line. The
delay line is selected in accordance with the required
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delay for the information. The outputs of the delay lines
405a to 4054 feed a common output line 406.

FIG. 31 is a schematic diagram of a delay line arrange-
ment similar to that shown in FIG. 30. The difference
between the arrangements of FIGS. 30 and 31 is that there
is no input control in FIG. 31, so that the information
is fed to all the delay lines 413z to 413h at the same
time. Each of the delay lines has a delay time different
from the others. The outputs of the delay lines 413a to
413h are fed through AND gates 41d4a to 424k, which
are controlled by an output control signal in line 415.
The output control signal can open only one of the AND
gates 414a to 4144 at a time.

The devices illustrated in FIGS. 30 and 31 are shown
in FIG. 77 in greater detail.

FIG. 32 is a schematic diagram of another embodi-
ment of a time slot changing device. The arrangement
of FIG. 32 comprises three revolvers having a specific
length determined by the least delay time. Each of the
three revolvers 422, 423 and 424 has an input AND
gate 425, 426 and 427, respectively. Input control signals
for the AND gates 425, 426 and 427 are fed through lines
428, 429 and 431, respectively. The informations may be
fed to the AND gates 425, 426 and 427 via lines 432,
433 and 434, respectively.

Information fed to one of the delay lines is delayed for
at least a time corresponding to the length of the revolver.
The delay time may be extended to multiples of the
revolver length. The outputs of the revolvers 422, 423 and
424 are controlled by the AND gates 435, 436 and 437,
which in turn are controlled by output control signals in
the lines 438, 439 and 441, respectively. The informations
may be derived from the arrangement of FIG. 32 via out-
put lines 442, 443 and 444.

FIG. 33 is a schematic diagram of another embodi-
ment of a time slot changing device. The arrangement
of FIG. 33 comprises a plurality of delay means, of which
three are shown. The three delay means 451, 452 and 453
are connected in series with each other. The output of
the third delay means 453 is connected to the input of
the first delay means 451 by line 454. Input lines 455,
456 and 457 are each controlled by an AND gate 458,
459 and 461, respectively. The AND gates 458, 459 and
461 are controlled by input control signals in input control
lines 462, 463 and 464, respectively. The AND gates 458,
459 and 461 control the inputs of the delay arrangement,
which inputs are positioned between the delay means 451
and 452 and between the delay means 452 and 453.

An output line 465 is gated by AND gate 466 and con-
trolled by an output control signal in output control line
467. Information in line 457 is delayed for a time corre-
sponding to the length of the delay means 453 and may
be derived from the arrangement through line 465, or
may be revolved via line 454 to acquire an additional
delay time which is the sum of the three delay times of
the delay means 451, 452 and 453. The information may
revolve in the circuit until it is fed through the AND
gate 466. An information may thus be delayed for addi-
tional periods equal to multiples of the length of the three
delay means 451, 452 and 453.

The arrangement of FIG. 33 may also be utilized with
one input line and three output lines if input lines 456
and 457 are replaced by output lines 468 and 469.

Each of the output lines must be gated by an AND
gate 471 and 472. The AND gates 471 and 472 are con-
trolled by output control pulses in output control lines
473 and 474, respectively.

The devices illustrated in FIGS. 32 and 33 are shown
in FIGS. 77, 104, 105, 113, 138, 149, 160, 169 and 170
in greater detail.

FIG. 34a is a schematic diagram of another embodi-
ment of a time slot changing arrangement and FIG. 34b
is a schematic diagram of still another embodiment of a
time slot changing arrangement. The arrangements of
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FIGS. 34a and 34b each comprise a delay means func-
tioning as a controlled revolver. This type of intermediate
storage may be used in interlaced systems. The length or
delay time of the delay means depends upon the least delay
time required at any part of a circuit arrangement with
or in which the arrangement of FIG. 34a or FIG. 34b
is utilized. The length of the delay means is one sub-bit
time less than the least required delay time. Thus, each
time an information revolves, the time slot in which it
is positioned is changed by controlling the output of the
arrangement in only one time slot; the information re-
volves until it reaches such time slot. The delay time of
an information in the arrangements of FIGS. 34a and 346
is thus determined by the time slot in which the informa-
tion is fed to said arrangement.

In order that the delay time may be predetermined,
in FIG. 34a, the information supplied via line 481 is fed
through a time slot changing device 482. A selective con-
trol signal in line 480 determines the time slot in which
the information is positioned. An output control signal
in line 483 transfers the information to a selected time
slot and the information is derived from the time slot
changing device 482 via line 484 and is fed to a delay
arrangement 485, After the expiration of the delay time
of the delay arrangement 485, the information is in the
next lower time slot with respect to the input time slot.
If this time slot is not the same as that of the output
control signal in line 486, which controls AND gate 487,
the information is fed through the AND gate 488, which
is controlled by a signal in line 489, and is fed back to
the delay arrangement 485 via line 491. As soon as the
information is in the same time slot as the output control
signal in line 486, the information may be derived from
the arrangement of FIG. 34a via line 492.

The arrangement of FIG. 34b utilizes an AND gate :

in its input instead of the time slot changing device 482
of FIG. 34a and a time slot changing device in its output
instead of the AND gate 487 of FIG. 34a and functions
in the same manner as FIG. 344,

FIG. 34c¢ is a schematic diagram of another embodi-
ment of a time slot changing arrangement, The arrange-
ment of FIG. 34¢ comprises a revolver having a selective
input control and a selective output control. The informa-
tion unit is in line 498 and may be fed into time slot
changing device 499 if it is in the same time slot as an
input selection control signal in input control line 500. The
information is derived from the time slot changing device
499 under the control of the output control signal in line
501 and is fed to the revolver 502 via line 503. The input
time slot of information for the revolver is determined
by the revolver output control signal in line 501. Output
line 504 of the revolver feeds the information to time
slot changing device 505. A selective control signal in line
506 selects information from the revolver, which com-
prises the delay means 502 and a feedback line 507.

The selective control signal in line 506 determines the
time slot in which the information is positioned. The
information is fed to the time slot changing device 505
and is derived from said device in a time slot determined
by an output control signal in output control line 508.
If the time slot of the information is not the same as that
of the control signal in the line 506, the information is
fed through AND gate 511, which is controlled by a signal
in line 510, and is fed back to the revolver 502 via lines
507 and 509. As soon as the information is in the same
time slot as the control signal in the line 506, the infor-
mation may be derived via line 512 under the control of
the output control signal in the output control line 508,

FIGS. 35a and 355 are schematic block diagrams of
still other embodiments of time slot changing arrange-
ments, FIGS. 35a and 35b are schematic block diagrams
of arrangements for the time changing of informations
utilizing a revolver with interlaced information storage
and a controlled feedback time. The arrangements of
FIGS. 35a and 356 each comprise a delay means function-
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ing as a controlled revolver of the type utilized in the
arrangements of FIGS. 34a, 345 and 34c. This type of
intermediate storage may be used in interlaced systems.
The length or delay time of the delay means depends
upon the least delay time required at any part of a circuit
arrangement in which the arrangement of FIG. 354 or
FIG. 358 is utilized. The length of the delay means is one
sub-bit time less than the least required delay time. Thus,
each time an information revolves, the time slot in which
it is positioned is changed by controlling the output of the
arrangement in only one-time slot; the information re-
volves until it reaches such time slot. The delay time of
an information in the arrangement of FIGS. 352 and 358
is thus determined by the time slot in which the informa-
tion is fed to said arrangement.

In order that the delay time may be predetermined, in
FIGS. 354 and 35b, the information supplied via line
513 is fed through a control unit 514 to a delay arrange-
ment 528. The control unit 514 may comprise a time
slot changing device, as shown in FIGS. 34¢ and 34c, or
an AND gate, as shown in FIG. 34b. A selective control
signal in line 429 determines the time slot in which the
information is positioned. The delay line 528 may be of
any suitable type such as, for example, a device function-
ing to transfer a bit over a wire by induction, by mechan-
ical pressure, or by pressure in the line.

The information passes through the delay line 528 and
is delayed one field time minus one sub-bit time. Since
the field time is 256 microseconds, the actual delay is 256
microseconds minus 1 microsecond, or 255 microseconds.
After being delayed 255 microseconds, the information is
fed through a one microsecond delay 530, so that the total
delay is 256 microseconds, or one field time, and there is
therefore no change in sub-bit time, The one microsecond
delay 530 may be called the feedback delay. The one
microsecond delay is accomplished via line 531, AND gate
532, the one microsecond delay 530 and line 533, whence
the information is returned to the input of the delay line
528. The delay line arrangement functions as four parallel
revolvers because of the four interlaced channels. Every
information derived from the control unit 514 remains
in the same sub-bit clock as when it is fed to said control
unit.

The passage of the information to the one microsecond
delay 530 is controlled by a signal in line 539 fed to the
AND gate 532. The additional one microsecond delay 530
is provided because the delay line 528 provides a delay
one microsecond shorter than the overall revolver time
delay which is needed for the shifting of information.

In the arrangement of FIG. 355, if an information in
the delay line 528 is fed through line 540, the information
is again fed to said delay line in a sub-bit clock different
from that in which it was derived from the said delay line.
Thus, for example, an information in sub-bit clock 2
moves to sub-bit clock 1 after one revolution. The sub-bit
time delay is determined by a signal in line 541 fed to
an AND gate 542.

In the arrangements of FIGS. 354 and 355, the output
line 531 of the revolver feeds the information to a con-
trol unit 543. The control unit 543 may comprise an AND
gate, as shown in FIG. 34aq, or a time slot changing device,
as shown in FIGS. 34b and 34c. A selective control signal
in line 544 selects information from the revolver. If the
time slot of the information is not the same as that of
the control signal in the line 544, the information is fed
through the AND gate 532, or, in FIG. 356, the AND
gate 542, and is fed back to the revolver 528. As soon as
the information is in the same time slot as the control
signal in the line 544, the information may be derived
from the revolver 528 via the control unit 543.

The devices illustrated in FIGS. 34a, 34b, 34c, 35a
and 35b are shown in the figures illustrating the devices
of FIGS. 32 and 33 in greater detail and in FIGS. 113
and 122 in greater detail.
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(H) Controllable transfer of information with
synchronism of operable drives

FIG. 36 is a schematic block diagram of an arrange-
ment illustrating the synchronization of two dynamic stor-
ages with switchable delay means which is controlled by
the bit rate of said dynamic storages. The informations
are stored on a dynamic storage 515 which may be, for
example, a rotating memory. The object is to transfer data
from the storage 515 through a processing unit 516 to
another dynamic storage 517. The informations are first
transferred from the dynamic storage 515 to delay means
518 via line 519. Informations derived from the delay
means 518 are fed to switchable delay means 521. The
switchable delay means 521 comprises delay means 522
having a plurality of outputs which are gated by a plurality
of AND gates 523a to 523f under the control of a check
and control device 524 via line 525. The check and con-
trol device 524 receives test pulses via line 526 and line
527 from the dynamic storages 515 and 517, respectively.

The test pulses are compared in the check and control :

device 524 and produce a signal pulse which opens a
specific AND gate of the plurality of AND gates 523a
to 523f.

The information flowing through delay means 518 and
522 is derived from delay means 522 through the selected
one of the AND gates 523¢ to 523f in the right input
time of the storage 517. The processing time of the infor-
mation in the processing unit 516 may be included in
this adjustment of the information. The arrangement of

FIG. 36 is hereinafter described in greater detail and :

permits the synchronization of two different kinds of
dynamic storages which do not operate in full synchro-
nism.

In FIG. 36, as illustrated in FIGS. 24 and 25, each of

the dynamic storages 515 and 517 comprise a storage :

having sensing units positioned in operative proximity
with the storage and recording units positioned in opera-
tive proximity with the storage and spaced from the sens-
ing units so that signals stored in the storage passing
under the sensing units at a given time arrive under the
recording units at a delayed time.

The transfer arrangement includes the delay line 518,
the switchable delay line 522 and the AND gates 523a to
523f and functions to transfer at selected determined time
delays the information units from the first storage 5§15 to
the second storage 517. The transfer arrangement switch-
able delay 522 delays a plurality of successive bits of in-
formation units for a plurality of different selected deter-
mined time intervals during the transfer of said plurality
of bits of information units from the first storage 515 to
the second storage 517 at a time when the recording unit
of said second storage is in coordinated timed recording
position with respect to the said second storage to store
the said plurality of bits of information units in the co-
ordinated storage positions. In this manner, asynchro-
nous conditions between the storages 515 and 517 are
eliminated.

(I) Controllable transfer of information between
static and dynamic storages

FIG. 37 is a schematic block diagram of an arrange-
ment illustrating the transfer of informations from a static
storage to a dynamic storage. In FIG. 37, a first dynamic
storage 534 is connected to a second dypamic storage 535
through a static storage 536 which may comprise a mag-
netic core memory arrangement. A plurality of informa-
tion units including key field data corresponding to each
of the information units is stored in the first dynamic stor-
age 534.

A transfer arrangement functions to transfer portions
of the information units from the first storage 534 to the
static storage 536 and from said static storage to the sec-
ond storage 535. The transfer arrangement comprises a
first AND gate 537 connected between the first storage
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534 and the static storage 536 and a second AND gate
or plurality of AND gates 538. The second AND gate or
plurality of AND gates 538 form a sensing circuit and
are under the control of a transfer control §7¢ which is
supplied with the clock pulses of the dynamic storage 535
via a line 571.

The transfer of the information units by the transfer
arrangement is controlled by a control unit 5§72. The con-
trol unit 572 comprises a processing unit 5§73 which may
comprise, for example, a comparator, for comparing the
key fields of the information units in the first dynamic
storage 534 and the transfer control 570 which selectively
controls the second AND gates 538 for selectively trans-
ferring the information units from the static storage 536
to the second dynamic storage 535 in accordance with the
result of the comparing of the key fields by the com-
parator. The control unit 572 further comprises an AND
gate 574 controlled by the processing unit 573 and key
field registers 575. The key fields of the information units
stored in the first dynamic storage 534 are fed through
the AND gate 574 to the key field registers 575 where
they are stored until they are selectively fed to the com-
parator of the processing unit 573 for comparison.

The first AND gate 537 feeds portions of the informa-
tion units stored in the first dynamic storage 534 to the
static storage 536 under the control of the transfer con-
trol 570 of the control unit 572.

The arrangements illustrated in FIGS. 36 and 37 are
shown in FIGS. 138, 169 and 170 in greater detail.

(J) Controllable transfer of information from an
asynchronous input

FIG. 38 is a schematic block diagram of an arrange-
ment illustrating the asynchronous input of four informa-
tions which are to be stored in a dynamic storage. In
FIG. 38, the informations are stored in dynamic storage
545. The informations are fed to the arrangement of FIG.
38 bitwise via line 546. The bits are stored in a bit stor-
age 547 until they can be read out. The bits of informa-
tion are delayed in a switchable delay 548 having an in-
put control 549. The input control 54% receives control
pulses from a control unit 551. The adjusted bits derived
from the switchable delay 548 are assembled to characters
in a dynamic storage 552. The storage 552 may be a
static storage.

When the bits of a whole character are assembled they
are transferred to a character assembly storage 553 via
a switchable delay 554 having an input control 555. The
input control 555 is controlled by signals from a control
unit 556. The characters assembly storage 553 assembles
the characters to fields.

An assembled field is transferred to an information unit
assembly storage 557 via a switchable delay 558 having
an input control 559. The input control is controlled by
signals from a control unit 561. The information unit
assembly storage 557 assembles the fields to information
units. The assembled information units are stored in the
proper positions for transfer to the dynamic storage 545,
which is the second storage.

The dynamic storage 545 has four inputs 562a to 5624,
which are gated by an input control 563 which is con-
trolled by signals from a control unit 564. The sequence
of the storages shown in FIG. 38 is for information units
having fixed fields. If the information units have variable
field lengths, the information unit assembly storage 557
may be eliminated because the information units may be
assembled in the character assembly storage 553. The con-
trol units 551, 556, 561 and 564 are controlled by a master
control unit 565 which provides the master clock and the
character, field and information unit clock pulses which
are fed via the lines 566, 567, 568 and 569 to the control
units 551, 556, 561 and 564.

The arrangement illustrated in FIG. 38 is shown in
FIG. 153 in greater detail.
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(K) Transfer of information with controllable
input and output

FIG. 39 is a schematic block diagram of an arrange-
ment illustrating input and output of information stored
in a dynamic storage with interlaced channels for storing
information. In FIG. 39, informations are read from a
dynamic storage 576 by a sensing unit 577 and are trans-
ferred to a plurality of AND gates 578a to 5784 via
line 579.

It is assumed that the dynamic storage 576 has four
interlaced storage channels. Four AND gates 578a to
5784 are thus required to select the informations
separately.

The informations are fed bitwise via the selected ones
of lines 581a to 5814 to bit storages 582a to 582d. The
inputs of the bit storages 582¢ to 5824 are connected to
a first plurality of AND gates 583a to 5834 and the out-
puts of said bit storages are connected to a second plu-
rality of AND gates 584a to 5844, If a new information
is to be read into the dynamic storage 576, the respective
one of AND gates 578a to 5784 is made non-conductive
and the new information may be fed through the first
plurality of AND gates 583a to 5834 to the corresponding
bit storage. This is due to the fact that the first plurality
of AND gates are fed the inverted control signals of the
AND gates 578a to 5784 via an inverter 585, Thus, if one
of the AND gates 578a to §78d is non-conductive, the
corresponding AND gate 583a to 5834 of the first plu-
rality of AND gates is made conductive.

The read back of the informations from the bit stor-
ages 5824 to 5824 is achieved via a third plurality of AND
gates 586a to 5864 which are connected via line 587 to
a recording unit 588 of the dynamic storage 576. Infor-
mations which are to be derived from the arrangement of
FIG. 39 are fed through the second plurality of AND
gates 584a to 584d. The four AND gates of the second
plurality of AND gates may be controlled separately. A
read out information remains in the dynamic storage 576
until it is replaced by a new information, so that it may be
read out several times, The fourth plurality of AND
gates comprises the AND gates 578a to 5784.

A control and processing unit 589 controls the AND
gates of the first plurality of AND gates 583a to 5834, the
second plurality of AND gates 584a to 5844, the third
plurality of AND gates 5864 to 586d and the fourth plu-
rality of AND gates 578a to 5784 in accordance with
sub-bit clock pulses supplied to said control unit via a
line 590. Each of the first, second, third and fourth plu-
rality of AND gates may be independently controlled.

The arrangement of FIG. 39 functions as a high speed
delay line and rearranges information units and groups of
information units in sequence as do the data handling
systems hereinbefore described. A plurality of bits of in-
formation units are transferred to the bit storages 582a to
582d. Each of the plurality of bits of the information
units are positioned in relation to time in a first sequence
in corresponding time slots of a plurality of successive
groups of time slots, each of the groups of time slots com-
prising a plurality of successive time slots. The informa-
tion units are, in other words, interlaced.

A transfer arrangement comprises the first plurality of
AND gates 583a to 5834 connected to the input of the
bit storages 582z to 582d, the second plurality of AND
gates 584a to 5844 connected to the output of said bit
storages, the third plurality of AND gates 5862 to 5864
connected between the output of the bit storages and the
input of the dynamic storage 576 and the fourth plurality
of AND gates 578a to 578d connected between the out-
put of the dynamic storage and the input of the bit stor-
ages. The transfer arrangement serves to derive bits of in-
formation units from the bit storages, to transfer a plu-
rality of successive derived bits of information units from
the bit storages to the dynamic storage, to derive bits of
information units from the dynamic storage and to trans-
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fer derived bits of information units from the dynamic
storage to the bit storages.

The control and processing unit 589 controls the AND
gates to transfer the bits of information units from the
bit storages 5824 to 5824 to the dynamic storage 576 and
from the dynamic storage to the bit storages. The control
unit 589 may control the third plurality of AND gates
586a to 586d to rearrange the first sequence of the bits of
information units into a new sequence of bits of informa-
tion units during the passage of the information units
through said third plurality of AND gates before said
information units are stored in the dynamic storage. The
control unit 589 may control the fourth plurality of AND
gates 578a to 578d to rearrange the first sequence of the
bits of information uvnits into a new sequence of bits of
information units during the passage of the information
units through the fourth plurality of AND gates after said
information units are transferred from the dynamic stor-
age.

The first sequence of the bits of the information units
may be rearranged into a second sequence by the third
plurality of AND gates under the control of the control
and processing unit and the second sequence may be re-
arranged into a third sequence by the fourth plurality of
AND gates under the control of said control and process-
ing unit,

The arrangement illustrated in FIG. 39 is shown in
FIGS. 94, 111 and 137 in greater detail.

(L) Simultaneous processing of information with
parallel means

FIG. 40 is an embodiment of an arrangement for the
sequential selection of format control and program con-
trol information and FIGS. 41la, 41b, 42, 43, 44a, 44b,
44c, 45 and 46 illustrate different arrangements for proc-
essing information. The arrangement of FIG. 40 func-
tions to provide the sequential selection of format control
and program control information in dependence upon
identifier signals for groups of information units. The ar-
rangement of FIG. 40 also functions to process selected
fields determined by the format control. The process it-
self is determined by the program control arriving within
the cyclic operation at the time of the execution of the
operation for the field data contained in the information
unit cycle.

The format track is positioned for different formats in
different time slots and stores signals which identify the
beginnings of the fields. The program information identi-
fies which of the fields marked by the dynamic format in-
formation are to be selected and identifies the operation to
be performed for the field information transferred during
this time period.

The arrangement of FIG. 40 is similar in structure and
operation to its corresponding part of the system of FIG.
104. In FIG. 40, information units stored in information
unit storage 591 and are transferred in the first cycle of
operation to a selecting unit for the format control pro-
gram 592 via an AND gate 593. The information unit
fields are selected by an information unit identifier field
selector 594 via the AND gate 593 which is controlled in
conductivity by said information unit identifier field se-
lector via line 595.

The format control program is stored in a format con-
trol program storage 596 and is transferred to a format
storage 597 in the first cycle of operation via an AND
gate 598. The format control program is selected by the
selecting unit for the format control program 592 via
the AND gate 598 which is controlled in conductivity
by said selecting unit via line 5§99,

The program is stored in a program storage 600 and
i_s transferred to a program storage 601 in the first cycle
of operation via an AND gate 602. The program is se-
lected by the information unit identifier field selector 594
via the AND gate 602 which is controlled in conductivity
by said information unit identifier field selector via line
603,
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The information units stored in the information unit
storage 591 are transferred to a comparator 604 in the
second cycle of operation via AND gates 605 and 606.
The information units transferred to the comparator 604
are transferred under the control of the format, which
determines the fields, via the AND gate 605 which is
controlled in conductivity by the format storage 597 via
line 607 and under the control of the program via the
AND gate 606 which is controlled in conductivity by the
program storage 601 via line 608. The comparator 604
compares the information units fed to it with information
units in another channel fed to it via line 609.

The information umits stored in the information unit
storage 591 are also transferred to an output storage
611 in the third cycle of operation via an AND gate
612. The information units transferred to the output stor-
age 611 are transferred under the control of the com-
parison result produced by the comparator 604 via an
output unit 613 and the AND gate 612 which is con-
trolled in conductivity by the comparison result via a
line 614.

FIG. 4la is a schematic diagram of an embodiment of
an arrangement illustrating simultaneous processing ar-
rangements which are independent of each other. FIG. 41%
is a modification of the embodiment of FIG. 4la. The
processing arrangements utilize parallel means and may
be different from each other. The data informations of
the arrangements or FIGS. 4la and 415 are stored in
three dynamic storages 615, 616 and 617.

1t is assumed that each information is to be handled with
each of the other two informations. The first process is
performed in a processor 618 which receives informa-
tion from the dynamic storages 615 and 616. A processor
619 handles the informations of the storages 615 and 617

and a processor 620 receives input data from the storages 3¢

616 and 617. All these processes are simultaneous and in-
dependent of each other. An example of a processor which
performs a process is a three way comparator with three
single comparison circuits. If comparators are utilized, the
processors 618, 619 and 620 would be of the same kind
but this is not necessary.

The information from the storage 615 is transferred to
each of the processors 618 and 619 via an AND gate 621.
The information from the storage 616 is transferred to
the processor 618 via an AND gate 622 and to the proces-
sor 620 via an AND gate 623. The information from
the storage 617 is transferred to each of the processors
620 and 619 via an AND gate 624.

In FIG. 4la, the results of the process performed in
the processor 618 are transferred to an output storage
625 via an AND gate 626. The results of the process
performed in the processor 619 are transferred to an out-
put storage 627 via an AND gate 628. The results of
the process performed in the processor 620 are trans-
ferred to an output storage 629 via an AND gate 630.
In FIG. 41b, the results of the process performed in the
processor 618 are transferred to an output unit 631 via
the AND gate 626. The results of the process performed
in the processor 619 are transferred to the output unit
631 via the AND gate 628. The results of the process
performed in the processor 620 are transferred to the
output unit 631 via the AND gate 630. The output unit
631 combines the process results and provides further
control functions.

The transfer of information in the arrangements of
FIGS. 41a and 41b is controlled by a control unit 632
which controls the conductivity condition of each of the
AND gates 621, 622, 623, 624, 626, 628 and 630.

The arrangements illustrated in FIGS. 4la and 415
are shown in FIGS. 76, 95 and 104 in greater detail.

FIG. 42 is a schematic diagram of an embodiment
of an arrangement illustrating simultaneous processing in
successive steps. The arrangement of FIG. 42 embodies
parallel means. The informations are stored in dynamic
storages 633, 634 and 635. The first process or process-
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ing step involves the informations from the storages 633
and 634 and is performed in a first processor 636. The in-
formations are transferred from the storage 633 to the
first processor 636 via an AND gate 637 and from the
storage 634 to the first processor 636 via an AND gate
638.

The informations are transferred from the storage 633
to a second processor 639 via an AND gate 640 and from
the storage 634 to ihe second processor 639 via an AND
gate 641. The informations are transferred from the stor-
age 635 to the second processor 639 via an AND gate
642. The second processor 639 performs the second proc-
ess or processing step. The results of the second process
performed in the second processor 639 are transferred
to an output unit 643. The results of the first process
performed in the first processor 636 may be transferred
to the output unit 643 as indicated by the broken line
extending from said first processor to said output unit.

The transfer of information in the arrangement of FIG.
42 is controlled by a control unit 644 which controls the
conductivity condition of each of the AND gates 637,
638, 640, 641 and 642.

The result of the first process performed in the first
processor 636 is either transferred directly to the output
unit 643 or is utilized to control the selection of the
input information to the second processor 639 via the
AND gates 640 and 641. Thus, assuming that the process
is a comparison, the first processor 636 compares the in-
formations from the storages 633 and 634 in a first cycle
of operation and selects one of these informations as the
higher or lower of the two, as instructed. If the result
of the first process is tranmsferred directly to the output
unit 643, the selected information is so transferred.

The information which is selected by the first processor
636 opens or makes conductive its corresponding AND
gate 640 or 641 in a second cycle of operation to permit
the transfer of the selected information to the second
processor 639. The information selected by the first proces-
sor 636 is then compared with the information from the
storage 635 in the second processor 639 in the second
cycle of operation.

In the time period that the information from the stor-
age 635 and the result of the first process are processed
in the second processor 639, the other informations from
the storages 633 and 634 may be handled by the first
processor 636. When the result of the second process per-
formed in the second processor 639 is provided, the re-
sult of the process performed with the second group of
informations from the storages 633 and 634 is derived
from the first processor 636 and the third group of in-
formations from the storages 633 and 634 are fed to said
first processor while the second information from the stor-
age 635 is fed simultaneously with the result of the follow-
ing first process to the second processor 639.

The arrangement illustrated in FIG. 42 is shown in
FIGS. 67 and 76 in greater detail.

(M) Time shared simultaneous processing of information
with parallel means

FIG. 43 is an arrangement for simultaneous processing
in cycles controlled by preceding cycles using parallel
means. The arrangement of FIG. 43 is similar to the ar-
rangement of FIG. 42 and includes the control of the
second process by the result of the first process. The
arrangement of FIG. 43 utilizes a parallel arrangement
for the processors.

In FIG. 43, the informations are stored in dynamic
storages 645 646 and 647. The informations from the
storages 645 and 646 are processed in a first processor
648. The result of the first process performed by the first
processor 648 is transferred to a second processor 649 via
an AND gate 650. The result of the first process per-
formed by the first processor is utilized to control the
transfer of information from the storage 647 to the second
processor 649,
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The informations from the storage 648 are transferred
to the first processor 648 via an AND gate 651 and from
the storage 646 to said first processor via an AND gate
652. The informations from the storage 647 are trans-
ferred to the second processor 649 via a time slot changing
device 653. The result of the first process performed by
the first processor 648 is utilized to control the transfer
of information from the storage 647 to the second proces-
sor 649 via the time slot changing device 653. This is
achieved by utilizing the result of the first process as the
input control signal for the time slot changing device 653
in a line 654.

The transfer of information in the arrangement of FIG.
43 is controlled by a control unit 655 which controls the
conductivity condition of each of the AND gates 650, 651
and 652 and which provides the output control signal for
the time slot changing device 653. The result of the
second process performed by the second processor 649 is
transferred to an output storage 656 where it may be
stored until it is needed.

The arrangement illustrated in FIG. 43 is shown in
FIGS. 67 and 77 in greater detail.

FIGS. 44a, 44b and 44c¢ are schematic block diagrams
of embodiments of arrangements for simultaneous proces-
sing utilizing a single processor in a time shared manner.
FIG. 44a is a schematic block diagram of an embodiment
of an arrangement for the simultaneous processing of two
informations in a time shared manner.

In the arrangement of FIG. 444, informations are stored
in dynamic storages 657 and 658. The information in the
storage 657 are positioned in a selected time slot by a
time slot changing device 659 under the control of a
control unit 660, which provides the input control signal
and the output control signal for said time slot changing
device. The informations in the storage 658 are positioned
in another selected time slot by a time slot changing device
661 under the control of the control unit 660, which pro-
vides the input control signal and the output control signal
for said time slot changing device. The information from
the storage 657 is thus transferred to a processor 662 in
on time slot and the information from the storage 658 is
transferred to the processor 662 in another time slot.

The use of different time slots permits the two informa-
tions from the storages 657 and 658 to be handled simul-
taneously in the processor 662. The results of the proceses
performed by the processor 662 are transferred to an
output unit 663. The output unit 663 provides further
process and control functions, The informations need not
be stored in separate storages 657 and 658, but may be
stored in interlaced fashion in a single storage.

FIG. 44b is a schematic block diagram of an embodi-
ment of an arrangement for simultaneous processing of
three informations in a time shared manner. In the ar-
rangement of FIG. 44b, informations are stored in dy-
namic storages 664, 665 and 666. The informaticns in the
storage 664 are positioned in a selected time slot by a
time slot changing device 667 under the control of a con-
trol unit 668, which provides the input control signal and
the output control signal for said time slot changing de-
vice. The informations in the storage 665 are positioned
in another selected time slot by a time slot changing device
669 under the control of the control unit 668, which pro-
vides the input control signal and the output control signal
for said time slot changing device. The informations in
the storage 666 are positioned in still another time slot
by a time slot changing device 670 under the control of
the control unit 668, which provides the input control
signal and the output control signal for said time slot
changing device. The information from the storage 664
is thus transferred to a processor 671 in one time slot, the
information from the storage 665 is transferred to the
processor 671 in another time slot, and the information
from the storage 666 is transferred to said processor in
still another time slot.

The same conditions prevail in FIG, 44c, which is a
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schmatic block diagram of an embodiment of an arrange-
ment for the simultaneous processing of three informa-
tions in a time shared manner in successive cycles utiliz-
ing parallel means, so that in FIG. 44c the information
from the storage 664 is transferred to the processor 671
in one time slot, the information from the storage 665 is
transferred to said processor in another time slot, and
the information from the storage 666 is transferred to
said processor in still another time slot.

The use of different time slots permits the three infor-
mations from the storages 664, 665 and 666 to be handled
simultaneously in the processor 671. In FIG. 44b, the
results of the processes performed by the processor 671
are transferred to storages where they are stored until
needed. The results of the processes performed by the
processor are transferred to a dynamic output storage
672 via a time slot changing device 673 which is con-
trolled by the control unit 668; said control unit provid-
ing the input control signal and the output control sig-
nal for said time slot changing device. The results of the
processes are also transferred to a dynamic output stor-
age 674 via a time slot changing device 675 which is
controlled by the control unit 668; said control unit pro-
viding the input control signal and the output control
signal for said time slot changing device. The results of
the processes are also transferred to a dynamic output
storage 676 via a time slot changing device 677 which is
controlled by the control unit 668; said control unit pro-
viding the input control signal and the output control
signal for said time slot changing device. The time slot
changing devices 673, 675 and 677 function to separate
the results of the processes performed by the processor
671 and to transfer such results to their corresponding
storages 672, 674 and 676.

The information need not be stored in separate stor-
ages 664, 665 and 666, but may be stored in interlaced
fashion in a single storage. The results of the processes
need not be stored in separate output storages 672, 674
and 676, but may be stored in interlaced fashion in a
single storage.

In FIG. 44c, the results of the processes performed by
the processor 670 are transferred to the dynamic output
storage 674 via the time slot changing device 675 which
is controlled by the control unit 668, said control unit
providing the input control signal and the output control
signal for said time slot changing device.

The result of the process performed by the processor
670 is fed back to the processor 670 via a time slot chang-
ing device 678 which is controlled by the control unit
668; said control unit providing the input control signal
and the output control signal for said time slot changing
device. Thus, simultaneously with the processing of the
result of the first process with the information of the
storage 666, the informations from the storages 664 and
665 may be processed in the processor 670. The final
result is stored in the arrangement of FIG. 44c via the
time slot changing device 675.

The arrangement illustrated in FIGS, 44a, 44b and 44c
are shown in FIGS. 123, 127 and 163 in greater detail.

FIG. 45 is a schematic block diagram of an embodi-
ment of an arrangement for the simultaneous processing
of three informations in a time shared manner in cycles
controlled by preceding cycles utilizing parallel means.
The arrangements of FIGS. 44¢ and 45 are the same.
except that in the arrangement of FIG. 45 and AND gate
679 is connected between the time slot changing device
670 and the processor 671. The AND gate 679 controls
the data flow from the storage 666 to the processor 671
and is controlled by said processor via a line 680 and by
the control unit 668; said processor and said control unit
together controlling the conductivity condition of said
AND gate. The result of the process performed by the
processor 671 thus controls the transfer of information
from the storage 666 to said processor via the AND gate
679 and the line 68¢.
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The arrangement illustrated in FIG. 45 is shown in
FIGS. 77, 123 and 127 in greater detail.

FIG. 46 is a schematic diagram of an embodiment of
an arrangement ilustrating the relationship of an irfor-
mation and a program by the transferring of the infor-
mation into a specific time slot. The arrangement of
FIG. 46 illustrates simultaneous processing in successive
cycles controlled by a sub-bit clock and utilizing parallel
means. In FIG. 46, the information stored in a storage
681 is fed to a first processor 682 via an AND gate 683 in
a first cycle of operation. The result of the first process per-
formed by the first processor 682 is transferred to a sec-
ond processor 684 via a time slot changing device 685.

Information stored in a storage 686 is transferred io
the second processor 684 via an AND gate 687 in a sec-
ond cycle of operation. The second cycle occurs only if
the time slot changing device 685 transfers the result of
the first process into the respective time slot. The result
of the second cycle is positioned in another time slot by
a time slot changing device 688 and is transferred to-
gether with information from a storage 689 to a third
processor 690 in a third cycle of operation. The informa-
tion from the storage 689 is transferred to the third
processor 690 via an AND gate 691.

In the meantime, another information of the storage
681 is transferred through the first processor 682 and the
time slot changing device 685 and is fed to the compo-
nent 684 with the second information from the storage
686, while the third information from the storage 681 is
fed to the first processor 682 to be handled in the first
cycle time or process step. Thus, three processes are simul-
taneouly performed with different informations. The proc-
ess is determined by the time slot in which the informa-
tion is stored.

The result of the third process performed by the

third processor 690 is transferred to an output unit 692
via a time slot changing device 693. The results trans-
ferred to the output unit 692 may be transferred to an
output storage 694 via an AND gate 695 or back to the
storage 681 via an AND gate 696. The transfer of
information and the positioning of information into its
proper time slots in the arrangement of FIG. 46 is con-
trolled by a control unit 697 which controls the conduc-
tivity of each of the AND gates 683, 687, 691, 695 and
696 and which provides the input control signal and the
output control signal for each of the time slot changing
devices 685, 688 and 683.

Each of the storages 681, 686, 689 and 694 is a dy-
namic storage.

The arrangement illustrated in FIG. 46 is shown in
FIGS. 123 and 127 in greater detail.

(N) Simultaneous multichannel terminal input
and output

FIG. 47 is a schematic block diagram of an embodi-
ment of an arrangement which may be utilized as a multi-
terminal input for informations having a very low bit
rate. In the arrangement of FIG. 47, four inputs include
first storages or bit storages 709, 711, 712 and 713.
The bits of information are assembled to characters in
character storages 714, 715, 716 and 717. As soon as a
character is complete it is transferred through the respec-
tive one of control units 718, 719, 721 and 722 to a
character assembly storage 723 where the characters are
assembled.

The character assembly storage 723 includes a single
specific sector for each input. The characters at the input
are assembled to fields or information units in the
sectors of the character assembly storage 723. When
an information unit is complete, it is transferred via line
724 to a second storage 725. The second storage 725
stores the information units in the sequence in which
they are received from the storage.

The arrangement illustrated in FIG, 47 is shown in
FI1GS. 147, 148, 149, 150 and 153 in greater detail.
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FIG. 48 is a schematic block diagram of an embodi-
ment of an arrangement which transfers information from
a storage having a high bit rate through a line having a
low bit rate. The object of the arrangement is a trans-
fer information from the high bit rate to the low bit
rate. The arrangement also permits the changing of the
sequence of the fields of the information and the transfer
of the information from a given format to a new format.

The information units are stored in a first storage 732
in a first sequence and first format. The information de-
rived from the first storage 732 is fed to a plurality of
different delay means 733a to 733¢ which are controlled
at their input by AND gates 734a to 734e, respectively.
This part of the arrangement may change the posi-
tion of fields character-wise. The information is trans-
ferred from the delay means 733a to 733e through a time
slot changing device 735 to a revolver 736. The time
slot changing device 735 shifts the informatiin to an-
other time slot so that in the revolver 736 the fields or
parts of the information unit are stored in different time
slots.

The selected parts of the information unit remain
in the revolver 736 until the input control signal in line
737 of a time slot changing device 738 selects them and
transfers them, in another time slot determined by a
signal in line 739, to a second storage 741. The storage
741 has two feedbacks which permit its operation as a
revolver. The normal feedback is through AND gate
742, which is under the control of a trigger 743. While
the trigger 743 is in reset condition, the content of the
storage 741 revolves through AND gate 742. The con-
tent of the storage 741 remains in the same time slots
during this time. The second feedback is through AND
gate 744 and delay 745. An information fed through
AND gate 744 and delay means 745 is transferred from
its time slot to the next higher time slot. This is used
for the output of the information with the low bit rate.

An AND gate 746 is opened for one bit time by the
trigger 743, when it is in set condition, and by a pulse
shaper 747 to transfer information from the storage 741
to output line 748 having a low bit rate. The trigger
743 simultaneously opens the AND gate 744 for the
time of one rotation of the information through the delay
means 745, so that the next following bit is transferred
to the position of the bit previously read out.

The information is fed from the storage 741 through
the AND gate 744 and the delay means 745 until all the
bits have been transferred through the AND gate 746
to the output line 748. Thus, an information consisting
of eight bits has to revolve eight times to be transferred
to the output line 748. At the end of the transfer time
the trigger 743 returns to its reset condition so that the
new information may be fed to the storage 741 and
revolved via AND gate 742 until it is transferred.

A control unit 698 is connected to each of the AND
gates 734a to 734¢ and controls the conductivity condi-
tion of each of said AND gates in accordance with de-
terminated instructions. The control unit 698 is connected
to each of the time slot changing devices 735 and 738
and provides the input control signal and the output con-
trol signal for each of said time slot changing devices.
The control unit 698 also is connected to and controls the
condition of the trigger 743. The coutrol unit 698 thus
controls the transfer of the information units from the
first storage 732 to the second storage 741 and the output
line 748 and the changing of the sequence and format of
said information units in accordance with determined in-
structions.

The arrangement illustrated in FIG. 48 is shown in
FIG. 77 in greater detail.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Introduction

The disclosure of the present invention follows a pat-
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tern wherein the basic system of FIG. 49, which is a
block presentation of the essential elements of the data
handling system of the present invention, is discussed
first. The next portion of the invention discussed is the
data sorting and merging arrangement of FIGS. 50, 51
and 55, which is an arrangement incorporated in the basic
system of FIG. 49. FIG. 55 is a more detailed presentation
of the arrangement of FIGS. 5¢ and 51. The data sorting
arrangement of FIG. 50 has an input file and an output
file and sorts and merges the data from the input file in
the central unit which then provides the sorted data in
the output file. The arrangement of FIG. 50 utilizes data
which is recorded in the usual manner on rotating mem-
ories or discs.

The data sorting and merging arrangement of FIG. 55,
utilizing interlaced channels of information, as presented
in FIG. 75, is discussed next.

The next portion of the invention discussed is the
arrangement of FIG. 82, which is an arrangement for

sorting and merging with interlaced channels, and includes »

more details than the arrangement of FIG. 75; FIG. 75
being a generic presentation of the arrangement of which
FIG. 82 is a specific embodiment.

The next portion of the invention discussed is the basic

data handling system of the present invention, as illus- 9;

trated in FIG. 104. The arrangement of FIG. 104 utilizes
a data sorting and merging arrangement which is incor-
porated therein and also provides for various calculating
functions including arithmetic, tabulation and distribu-

tion. The arrangement of FIG. 104 is thus a complete :

system which utilizes unsorted data at its input and pro-
duces a tabulated or desired output and therefore func-
tions as a complete accounting machine or computer
which is adapted to perform a great variety of functions.

The following discussions concern the portions of the
basic data handling system of FIG. 104, including the
arithmetic portion and the input and output systems,

In the various embodiments and components of the
data handling system of the present invention, AND gates
are utilized to a great extent. Any of these AND gates
may function in a manner whereby it is switched to its
conductive condition upon the appplication thereto of a
zero voltage signal in one of its input lines if a voltage
having a specific magnitude is applied to the other input
line thereof. This is not intended to mean that a signal
having a zero voltage magnitude is the only type of second
input signal which will switch the AND gate to its con-
ductive condition, but merely indicates that, in the place
of a signal having a definite bit, a signal having a zero

magnitude may be utilized to switch the AND gate. The ;

AND gate will of course function the switch to its con-
ductive condition if both, or all of, the input signals have
a definite voltage magnitude. Any suitable AND gate
known in the art may be utilized, of course, wherever an
AND gate is indicated hereinafter.

Basic Components of Data Handling System

FIG. 49 is a schematic block diagram of the basic com-
ponents of an embodiment of the data handling system
of the present invention. FIG. 49 shows the connections
between the central unit of the processing file system 755
and input and output means 756, 757, 758, 759 and 761
to feed in new information from a keyboard 762 or spe-
cial input means 763 or to print out data in a printer
764. The multiterminal input 758 is used for feeding in-
formation from several keyboards to the central unit of
the processing file system 755. The asynchornous input
757 transfers the incoming information from an outside
clock to the clock of the central unit of the processing file
system 755. The input file 756 is the main storage for
data which is to be handled in the central unit of the
processing file system 755. The output file 761 is the same
kind of storage as the input file 756. Both the output file
761 and the input file 756 work with the clock of the cen-
tral unit of the processing file system 755. For printing of
data, the information is transferred from the central unit
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of the processing file system 755 to the printer 764 by
the output compressor 759 which prepares the informa-
tion for printing.

The blocks of FIG. 49 indicate the relationships of the
individual circuit arrangements of the data handling sys-
tem of the present invention.

The data sorting and merging arrangements herein-
after described function to prepare the input file 756 of
the data handling system of FIG. 49.

Data Sorting and Merging
{A) Basic components of sorting and merging system

FIG. 50 is a schematic block diagram of the basic com-
ponents of an emobdiment of sorting and merging ar-
rangement of the present invention. The embodiment of
FIG. 50 comprises two times three discs 771, 772 and
773, and 774, 775 and 776 and assembly disc 777. The data
flow is from the three discs 771, 772 and 773 to the as-
sembly discs 777 to the three discs 774, 775 and 776. All
seven discs 771 to 776 and 777 are connected mechan-
ically as indicated by the broken line 778. The disc 771 has
a read head 779. The disc 772 has a read head 781. The
disc 773 has a read head 782. The disc 774 has a write
head 783. The disc 775 has a write head 784. The disc
776 has a write head 785.

The information units stored on the discs 771, 772 and
773 are transferred through the heads 779, 781 and 782,
respectively, and AND gates 78642, 7865 and 786c, respec-
tively, controlled by loading device 787 to three write
heads 788a, 7885 and 788c. The write heads 788.a 7885
and 788c¢ store the transferred information units in three
tracks 789¢, 789b and 789c, respectively, of the assembly
disc 777. ,

The information units are stored in succession, one
behind the other. The tracks 7894, 789h and 789¢ have a
capacity of eight information units each. Fach of the
tracks 789%a, 7895 and 789c has one read head for each
information unit position. Each group of three read heads
is identified by the same reference numeral and the ten
groups of read heads are identified by the reference numer-
als 791a to 791;. The read heads 791q to 791j of track
789a are connected to an AND gate matrix or mesh 792.
The read heads 791a to 791f of track 7895 are connected
to an AND gate matrix or mesh 7925, The read heads
791a to 791; of track 789¢ are connected to an AND gate
matrix or mesh 792c. The AND gates of the matrices 7924,
792h and 792c¢ are controlled by presensing control 793
which feeds the read information to a comparator 794,

The comparator 794 compares the sorting words of
three information units at a time. The result of the com-
parison controls every transfer of an information unit
from one storage to another, as indicated by control lines
795a, 795b and 795¢. The signals in the control lines 795a,
795h and 795¢ control the transfer of information units
from the three tracks 789«, 789h and 789¢ of the assem-
bly disc 777 to the three output storages 774, 775 and
776 via a transfer control 96. For this purpose, the read
heads 791a to 791 of the tracks 789a, 789b and 789¢ are
connected to three AND gate matrices or meshes 7974,
797h and 797c, respectively. The selected information
units may then reach the three discs 774, 775 and 776
through a transfer station 798 and lines 7994, 799 and
799¢c. The information units may also be transferred to
input and output units 801, 802 and 803 which are con-
trolled by a program 804.

The arrangement of FIG. 50 incorporates a three-way
merging program. That is, all the information units are
divided into three groups. In FIG. 50, each of the three
groups has one input disc and one output disc. The input
discs 771, 772 and 773 are on the left side and the out-
put discs 774, 775 and 776 are on the right side.

The presensing and transfer processes are as follows.
It is assumed that the full speed has already been reached
and it is assumed that the tracks 789q, 7895 and 789¢ are
loaded. The output lines leading from the read heads
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791q to 791 to the three AND gate matrices or com-
binations 792a to 792¢ are controlled in a manner such
that each time an information unit is fed through a read
head, the read head is switched off and the next following
read head in the direction of the disc rotation is prepared
to read the same information unit.

As long as the comparator 794 does not direct the read-
ing of the information unit, each time the information
unit is fed through a read head the next following read
head is activated. Thus, during one rotation every infor-
mation unit time this information unit may be read.

In case the comparator 794 directs that the information
unit be read, the respective read head is not switched off
and the respective AND gate combination or matrix 7924,
792b, 792¢ remains in its condition. The read out infor-
mation unit is fed through the corresponding AND gate
matrix or combination to the comparator 794. The same
operation occurs with the tranmsfer control 796 and its
AND gate matrices or combinations 797a, 797b and
797c.

As hereinafter described, the read heads controlled by
the transfer control 796 and those controlled by the pre-
sensing control 793 are not identical but are separated
by a distance of two information unit lengths, The read
heads controlled by the presenting control 793 are always
two information unit lengths ahead of those of the trans-
fer control 796. As scon as a place of an information unit
which has been transferred is fed through the respective
write head of the write heads 7884, 7885 and 788c, a new
information unit is transferred from the respective storage
of the three discs 771, 772 and 773 via the AND gates
786a, 7860 and 786c. Thus, the assembly tracks 789a,
789b and 789¢ always store enough information units to
permit a continuous stream of information units through
the transfer station 798 to the storages 774, 775 and 776.

Although sorting and merging is in groups of three
sorting fields in FIGS. 50 and 51, groups of four or five
may be sorted and merged, but such sorting and merging
would be more expensive than the sorting and merging
of groups of three sorting fields.

In FIGS. 50 and 51, the information is fed through
AND and OR gates controlled by a program which in-
structs the arrangement to “start” and the information is
fed from the input through the AND and OR gates uniil
the input advises the arrangement that the “end of all the
information” has been reached.

The information from the AND and OR gates is fed to
a set of discs. The number of discs in the set depends
upon the amount of information which is to be sorted
and merged. After the information is recorded on the
discs, said discs are moved to operating position.

In FIG. 51, as well as in FIG. 50, the information is
recorded on discs 771, 772 and 773. The information
from the disc 773 is recorded in track 789a (irack 1) of
the multiple head storage or assembly disc 777, the in-
formation from the disc 772 is recorded in track 7895
(track 2) of the multiple head storage and the informa-
tion from the disc 771 is recorded in track 789¢ (track
3) of the multiple head storage.

At least ten information units are recorded in each
track of the discs so that ten information units are trans-
ferred to the multiple head storage in a single track.
Thus, after the first rotation, 30 information units are
recorded in the multiple head storage. After the first rota-
tion, the sorting operation starts. Only the sorting fields
are fed from the read-out heads to the presensing control
793; three sorting fields at a time are fed to the presensing
control 793 and to the comparator 794.

The comparator 794 is a bit comparer. A sector of the

assembly disc or multiple head storage 777 is a standard 7

information unit length, and normally the time of two
standard information unit lengths is required for the
comparator 794 to provide an output from data fed
into it.

The normal sorting time of known sorting apparatus
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is ten information or record units per second, and larger
and more expensive sorting apparatus may provide a
sorting time of 30 information units per second. The sort-
ing arrangement of the present invention transfers 300
information units per second and utilizes small storage
devices.

When a small amount of information is sorted, the
arrangement of the present invention transfers informa-
tion at a lesser speed than known sorting arrangements.
When a great amount of information is sorted, such as,
for example, 10,000 information units, the arrangement
of the present invention transfers information at a con-
siderably greater speed than known sorting arrangements.

The comparator 794 compares three sorting fields and
indicates the sorting field having the lowest magnitude;
it may, if desired, indicate the sorting field having the
highest magnitude. Thus, after the sorting fields have been
fed to the presensing control 793 and then fed to the com-
parator 794 and compared, said comparator provides its
comparison information two information unit or sector
lengths ahead of the information unit corresponding to the
compared sorting fields. The sorting fields are preferably
recorded in an AB storage 811 between the presensing
control 793 and the comparator 794; the AB storage be-
ing an alternate storage. Each track is fed to its own AB
storage.

If, for example, a sorting field having a magnitude 2 is
the lowest, the comparator 794 feeds the information
that the sorting field having magnitude 2 is lowest to each
of the transfer control 796a, 7965, 796¢ and the presens-
ing control 793«, 793b, 793¢ and said transfer control
permits the information unit corresponding to sorting
field 2 to be recorded on one of the discs 774, 775 and
776. After the next run, the information corresponding to
the next comparison result is recorded on the next disc,
and so on. At the same time, the sorting field two sector
lengths behind the transferred sorting field is fed to the
presensing control 793. The comparison result that the
sorting field witht magnitude 2 is the lowest, when fed
to the presensing control 793, permits the next informa-
tion unit corresponding to sorting field magnitude 2 to be
recorded in the AB storage 811. Thus, one sorting field
is always being removed from a track at the same time
that it is moving in the track, One informatjon unit is thus
picked up for each rotation. Thus, if there were no load-
ing, after three rotations all the tracks would be empty.

There is no time lost due to the sorting operation, and
there are always enough information units for sorting.
'.l“he disc revolves at 30 revolutions per second and ten
mforma.tion units per second are removed from the disc.
Apprémmately 2200 information units per second are
sorted.

(B) Sorting of information units in groups of
sequential order

It. may be assumed that the sorting fields have the fol-
lowing magnitudes.

11 2 25 15 8 40 33 14 0
7T 6 5 0 10 8 17 16 15 6 9 12
12 15 I3 26 27 30 48 56 64

These sorting fields are shown recorded in three tracks
§17a, 817b and 817¢ on a disc 818, in FIG. 52, The heads
indicated in FIG. 52 are in different head positions and
may be switched in as desired.

There are three operations in each sector time.

In the Ist sector time:
Pick up 11, 2, 25 with presensing,
In the 2nd sector time:
Pick up 15, 8, 40 with presensing.
Compare 11, 2, 25. The comparison result is 2.
In the 3rd sector time:
Pick up 19 by presensing,
Compare 11, 25. The comparison result is 11.
Transfer 2.
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In the 4th sector time:
Pick up 33 by presensing.
Compare 25. The comparison result is 25.
Transfer 11.
In the 5th sector time:
Pick up 60 by presensing.
Compare 15, 18, 40, The comparison result is 8.
Transfer 25.
In the 6th sector time:
Pick up 5 by presensing,
Compare 15, 40. The comparison result is 15.
Transfer 8.
In the 7th sector time:
Pick up 6 by presensing.
Compare 40. The comparison result is 40.
Transfer 15.
In the 8th sector time:
Pick up 7 by presensing.

Compare 33, 19, 60. The comparison result is 19.

Transfer 40.

In the 9th sector time:
Pick up 8 by presensing.
Compare 33, 60. The comparison result is 33.
Transfer 19.

In the 10th sector time:
Picg up 10 by presensing.
Compare 60. The comparison result is 60.
Transfer 33.

In the 11th sector time:
Pick up 9 by presensing.
Compare 7, 6, 5, The comparison result is 5.
Transfer 60.

In the 12th sector time:
Pick up 15 by presensing.
Compare 7, 6. The comparison result is 6.
Transfer 5.

In the 13th sector time:
Pick up 16 by presensing.
Compare 7. The comparison result is 7.
Transfer 6.

In the 14th sector time:
Pick up 17 by presensing.
Compare 9, 10, 8. The comparison result is 8.
Transfer 7.

In the 15th sector time:
Pick up 12 by presensing,
Compare 9, 10. The comparison result is 9.
Transfer 8.

In the 16th sector time:
Pick up 9 by presensing.
Compare 10. The comparison result is 10.
Transfer 9.

In the 17th sector time:
Pick up 6 by presensing.

Compare 17, 16, 15. The comparison result is 15.

Transfer 10.

In the 18th sector time:
Pick up 15 by presensing.
Compare 17, 16. The comparison result is 16.
Transfer 15.

In the 19th sector time:
Pick up 18 by presensing.
Compare 17, The comparison result is 17,
Transfer 16.

In the 20th sector time:
Pick up 14 by presensing,
Compare 6, 9, 12. The comparison result is 6.
Transfer 17.

In the 21st sector time:
Pick up 26 by presensing.
Compare 9, 12. The comparison result is 9.
Transfer 6.

In the 22nd sector time:
Pick up 27 by presensing.

boul

10

30

G0

74

Compare 12. The comparison result is 12.
Transfer 9.

In the 23rd sector time:
Pick up 30 by presensing.
Compare 14, 15, 18. The comparison result is 14.
Transfer 12.

In the 24th sector time:
Pick up 48 by presensing.
Compare 15, 18. The comparison result is 15.
Transfer 14.

In the 25th sector time:
Pick up 56 by presensing.
Compare 18, The comparison result is 18,
Transfer 15.

In the 26th sector time:
Pick up 64 by presensing.
Compare 26, 27, 30. The comparison result is 26.
Transfer 18.

In the 27th sector time:
Compare 27, 30. The comparison result is 27.
Transfer 26.

In the 28th sector time:
Compare 30. The comparison result is 30.
Transfer 27.

In the 29th sector time:
Compare 48, 56, 64. The comparison result is 48.
Transfer 30.

In the 30th sector time:
Compare 56, 64. The comparison result is 56.
Transfer 48.

In the 31st sector time:
Compare 64. The comparison result is 64.
Transfer 56.

In the 32nd sector time:
Transfer 64.

In the sorting and merging operation, the informa-
tion is recorded on discs 774, 775 and 776, and is trans-
ferred to discs 771, 772 and 773 either mechanically, elec-
trically or manually, as by moving the discs 774, 775 and
776 to the positions formerly occupied by the discs 771,
772 and 773. A new set of discs is placed in the posi-
tions formerly occupied by the discs 774, 775 and 776.
The new discs 774, 775 and 776 are set up to receive the
first groups of three information units of sorted informa-
tion.

The discs having the first groups of three information
units of sorted information are then transferred mechani-
cally, electrically or manually to the positions formerly
occupiel by the discs 771, 772 and 773. A new set of discs
is then placed in the positions formerly occupied by the
discs 774, 775 and 776. The new discs 774, 775 and 776
are set up to receive the groups of nine information units
of sorted information.

The process is then repeated for groups of 27 informa-
tion units, groups of 81 information units, groups of 243
information units, groups of 729 information units, groups
of 2187 information units, groups of 6561 information
units, etc.

The presensing is in the same track as the result of the
comparison, and new information is fed into the same
track as the result and takes the place of the result.

It may be assumed that the sorting fields have the fol-
lowing magnitudes. This is the information sequence be-
fore the first run, assuming that there are ten informa-

- tion units in each track.

it 16 5 19° 23 17 80 75 2

38 42 197 21 88 12 4 38 96 61 13 32

0 y2 29 53 57 14 25 2

7 18 27 45 32 51 717 82 12 20 60 40
30 80 90 70 80 10 37 47 92 29 712

The operation of the arrangement of FIGS. 50 and
51 in sorting these informations in groups of sequential
order is shown in Table V for the first run and in Table
VI for the second run,
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TABLE V.—TIIREE WAY SORTING, FIRST RUN

Presensing Comparison Output
fInput pickup Compare result Transfer storage
Sector time T TIT TII I IT I 1 o I T TII TIII I I IIr I II HI

After the first run, and before the second runm, the (C) Plurality of channels and cyclic presenting and
information is in the following sequence. 5 transfer of data from input file to output file
iL 16 5 197 38 42 _13 32 61 FIG. 53 is another presentation of an embodiment
17 1 23 12 21 88 M 47 71 of the data sorting and merging system of FIG. 50 utiliz-

2 75 80 4 58 96 197 29 42 h . . .
ing a plurality of channels and cyclic presensing and

transfer of data from an input file to an output file.
T3 53 o7 32 45 5L 30 50 90 22 40 The information units are divided into two groups; in-
25 63 72 12 717 82 10 70 80 95 formation units of Group I are stored on file 825 and in-
P18 7 WM 60T X formation units of Group II are stored on file 826. In-

TABLE VI.—THREE WAY SORTING, SECOND RUN

Presensing Comparison Output
Input pickup Conpare result Traunsfer storage

Sector time TI TII TII I II 111 I II 11 I It 1 I 1I I I 1T 1E

T A

9 .
>
*
*
o*

[

*uu'
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formation units of Group I are read by a read head 827
and are transferred via AND gate 828 to an assembly
track 829 through write head 831. Information units of
Group II are read from the file 826 by a read head 832
and are fed through AND gate 833 to a write head 834
which stores the information units on assembly track
835 of Group 1I. The capacity of each of the two assem-
bly tracks 829 and 835 in FIG. 53, is eight information
units. Therefore, each assembly track has eight read heads
836a to 836/ reading information from the assembly
track 829 and eight read heads 8374 to 837/ reading
information from the assembly track 835. The read heads
836a to 836/ are connected to a presensing control 838
and to a transfer control 839,

Although the arrangements of FIGS. 50 and 53 are
similar, in that they are basic illustrations of the sorting
and merging systems disclosed in greater detail in FIG.
55, the individual circuit components thereof are not
the same in FIGS. 50 and 53, since the arrangement of

FIG. 50 is for three-way merging and the arrangement of :

FIG. 53 is for two-way merging.

In the same manner, the read heads 837s to 837h
are connected to a presensing control 841 and to a trans-
fer control 842 for information units of Group II. The
presensing controls 838 and 841 function to transfer the
information units into storages 843 and 844 in an AB
technique.

The sorting words stored in the storages 843 and 844
are fed to a comparator 845 via AND gates 846 and 847,
respectively, The AND gate 846 is controlled by a sort-
ing field selector 848 and the AND gate 847 is controlled
by a sorting field selector 849. The comparator 845 de-
termines which of the two sorting fields has a lower value
and provides its determination in its output lines 851 and
852, respectively.

If, for example, the lower sorting word is of an inform-
ation unit of Group I, the respective information unit is
transferred and it must be replaced in the storage 843
by the information unit which follows two places later.
The line 851 thus controls not only the transfer control
839 but also the presensing control 838. In the same man-
ner, a signal in the line 852 controls the transfer control
842 and the presensing control 841. The read heads 836a
to 836/ and 8374 to 8374, respectively, are controlled by
the corresponding presensing control and transfer control,
as follows.

Every time a head is prepared to read the information
unit for the purpose of transfer, the sorting word of the
information unit is applied to the comparator 845 and

the head is in position to pick up the related information ;

for that sorting word. That is, when a sorting word is
fed to the comparator 845, the read head is in read posi-
tion before the related information for such sorting word,
so that if that sorting word is selected as the lower or
higher of the compared sorting words, as desired, the in-
formation relating thereto is readily picked up by said
read head. The presensing control works is a similar
manner, but always relates to a read head two informa-
tion unit lengths ahead of the read head prepared by the
transfer control. Each time no information is selected of
such a group, both heads are switched off and the pre-
sensing and transfer controls transfer the next following
read heads.

If an information unit is picked up by either the trans-
fer control 839 or 842 it is fed through OR gate 853 and
stored by write head 854 on output storage or file 855.
The information units are thus merged on the output
storage 855 from the input files 825 and 826 via the as-
sembly tracks 829 and 835 in the sequential order of
their sorting words. The loading of the assembly tracks
829 and 835 by new information units from the input files
825 and 826 is also controlled by the comparator result
provided in line 851 or line 852. This is controlled by a
loading control 856 for information units of Group I
and by a loading control 857 for informatin units of
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Group II. The loading control determines which places
on the respective assembly track are empty and must be
loaded, and at the next possible time a place requiring
loading passes the write head 831 or 834, respectively, a
new information unit is transferred to the empty stor-
age place from the input files 825 or 826, respectively.
To accomplish this, the loading control stations 856 and
857 open, or make conductive, the AND gates 823 or
833, respectively.

(D) Presensing and transfer control stations

FIG. 54 is a schematic block diagram of an embodi-
ment of the presensing and transfer controls of FIG. 50.
FIG. 54 illustrates the connection of the presensing and
transfer controls with a comparator. For the purpose of
simplification of illustration, it is assumed that the in-
formation units on the assembly tracks 829 and 835
(FIG. 53) have their sorting fields in the same position,
so that the sorting fields may be selected directly from
said assembly tracks and the intermediate storages 843
and 844 of the arrangement of FIG. 53, are not needed.
FIG. 54 includes the assembly track 829 with its presens-
ing and transfer controls 838 and 839, respectively, and
the connections between the read heads 8364 to 8364
and the controls 838 and 839.

Both controls 838 and 839 are controlled by a counter
864 which is driven through an AND gate 865 by the
comparison result provided by the comparator 845 in line
851. The comparator 845 is shown in broken lines in
FIG. 54. The comparator 845 comprises two inverters
866 and 867, two AND gates 868 and 869, and a flip-flop
871. A trigger 872, connected to the flip-flop 871 through
two AND gates 873 and 874, stores the comparison
results.

The arrangement of FIG. 54 below counter 875 is a
repetition of the arrangement of said figure above said
counter; the described portion functioning for informa-
tion units of Group I and the other portion functioning
for information units of Group II

A field selector 876 is utilized in the special case where
it is assumed that the sorting fields of both informa-
tion units are in the same position with reference to
the information unit. The field selector 876 controls
information units of Groups I and II, so that it may
replace the sorting word selectors 848 and 849 of FIG. 53.

Each line leading from a read head of the assembly
track 829 to the presensing and transfer control 838 and
839, respectively, is connected to said controls through
an AND gate controlled by the counter 864. The AND
gates 877a to 877h of the presensing control 838 and
the AND gates 878a to 878% of the transfer control 839
are combined in OR gates 879 and 881, respectively.
The counter 864 controls the AND gates 877a to 877h
and 878a to 8784 as follows:

Each of the counters 864 stages 1, 2, 3, 4, §, 6, 7. 8
is connected to the AND gate control inputs crl, ci2,
ct3, ctd, ct5, c16, cr7, c18. One control input cfl for each
corresponding AND gate 8772 and 878z is connected
to the first stage of the counter 864. The control inputs
for the AND gates 877h and 878/ are connected to the
second stage of the counter 864; the other connections
being indicated.

The counter 864 prepares one of the AND gates 878a
to 8784, connected to the read heads 836a to 836k, to
select the information unit of which the sorting field is
compared in the comparator 845. If the comparator 845
directs the selection of the information unit during the
next following information unit time, said information
unit is fed through the selected corresponding AND gate
878a to 87811, the OR gate 881, AND gate 882 and OR
gate 883 to output line 884. At the same time, the counter
864 controls, for the purpose of presensing, the selected
one of the AND gates 877z to 877l to feed the infor-
mation unit two information unit lengths ahead of the
transferred information unit to AND gate 885, which
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is controlled by the field selector 876. Only those parts
of the presensed information unit which are defined as
the sorting fields may be fed through the AND gate 885.

In the comparator 845, the sorting fields of the in-
formation units from Groups I and II are fed to an
AND gate and to an inverter. The sorting fields of in-
formation units of Group I are fed to the inverter 866
and the AND gate 869 and the sorting fields of informa-
tion units of Group II are fed to the inverter 867 and
the AND gate 868. When both information units have
the same signal, they close the paths through the AND
gates 869 and 868.

Only if the information units are unequal in a single
bit time, the information unit having no bit in said bit
time opens the AND gate for the bit of the other infor-
mation unit through the corresponding inverter. If, for
example, the information unit of Group I has a bit in a
time instant, but the other information unit has no bit,
the AND gate 869 is opened, or made conductive, by

the inverter 867. The bit conducted through the AND 2

gate 869 switches the trigger 871 to its set condition.
This indicates that the value of the sorting field of the
information of Group I up to the considered time instant
is higher than that of the other information unmit. At
the end of the information unit time, the AND gates 873
and 874 are opened, or made conductive, by a sector
pulse to transfer the comparison result indicated by the
condition of the trigger 871 to the trigger 872.

As hereinbefore mentioned, the condition of the trigger
indicates the information unit which has a sorting word
with a higher value than the other information unit so
the result of the comparison is handled in an inverted
manner by connecting the opposite output of the trigger
872 to the AND gates of the presensing and transfer

controls, respectively. The counter 864, which is driven 3

by sector pulses in line 886 through the AND gate 865,
switches to the next stage each time an information unit
has not been selected. The AND gate 865 is therefore
connected to the output of the trigger 872 and indicates
if the information unit of the same group is higher in
value. Thus, for example, if the trigger 872 is in set
condition, the value of the sorting field belonging to the
information unit of Group I had, in the last comparison,
a higher value than the sorting field of the information
unit of Group Il. The information unit of Group II is
then selected.

The set output of the trigger 872 is connected to the
transfer AND gate 887 which controls the transfer of
information units of Group II, and is connected to the
AND gate 888 which controls the presensing of another
information unit of Group 1I, while the set output of
the trigger 872 simultaneously opens the AND gate 865
to conduct the sector pulses from line 886 to switch on
the counter 864. The counter 875 receives no sector
pulses because the reset output of the trigger 872 closes
AND gate 889. The heads of the assembly track operat-
ing on information units of Group II are therefore not
switched over and they are thus in the proper position
at the end of the information unit time to be ready to
read the next following information unit, if the com-
parison result again directs the transfer of an informa-
tion unit of Group II.

(E) Sorting and merging system

FIGS. 55a, 55b, 55¢ and 55d, referred to as FIG. 55,
are a schematic diagram in more detail of the embodiment
of a sorting and merging arrangement of FIG. 50. The
arrangement of FIG. 55 refers to collating and sorting
means for data; an information unit of which includes
a plurality of words or fields, each consisting of a num-
ber of characters. The fields may be of variable length
within the information units, for example, an information
unit may have a length of 100 characters, and a plurality
of such characters may be grouped together within the
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information unit in fields of variable length indicated
and separated from each other by “end of word” signals.

The arrangement of FIG. 55 provides means which
permit the collating and sorting of information units com-
parable to the principles for collating and sorting used
with tapes, but by replacing the mechanical stepping drive
mechanism required with such tape operation. The ar-
rangement of FIG. 55 permits the sorting and collating
of information units within a random access memory of
preferably rotary type. The “random access” in this por-
tion of the disclosure is defined as random access to tracks.
Its advantage is its high speed, the elimination of the elec-
trically controlled mechanical stepping drive mechanisms
for the tapes and the elimination of expensive core buffer
storages in the central unit. The principal advantage is the
combination of the advantages of files, eliminaling un-
necessary passages of unused information on tapes and
retaining the advantages of tapes and punched cards,
principally, data handling in groups of sequential order
information by sorting and collating, providing, for ex-
ample, the direct relationships between detail and sum-
mary information.

In FIG. 554, a rotatable disc type memory 896 is driven
by motor 897 through shaft 898. Shaft 899 is mechanically
coupled to shaft 898 through gear 901. Shaft 899 drives
the input and output disc memories 902, 903, 904, 905
through gears 906, 907, 908, 909. The memories 902, 9903,
904, 905 may be part of a large random access memory,
but may, for example, be of an exchangeable type.

In order to permit the exchange of the rotary disc
memory and the preparing of the exchange of one rotary
disc memory in an alternate condition during the opera-
tion of the other one of the pairs of discs memories 902
and 903 and 904 and 905, respectively, gears 906, 907,
908 and 909 are each provided with synchronizing means
911, 912, 913 and 914. The synchronizing means may be
of such a design that the one of the rotary disc input
memory units, for example, the record disc input unit 902,
may be operative mechanical synchronism with shaft 899,
while the other disc memory unit 903 of the pair of units
is stationary in order to permit the exchange by replace-
ment of another set of such memory discs.

In order to achieve a soft effect at the registering dur-
ing the movement of a record set of discs 903 at the
start of the rotation in an alternating manner to set 902
in order to permit its stopping and replacement, gears 906
and 907, and 908 and 909, respectively, may have syn-
chronizing means 911 and 912 and 913 and 914, respec-
tively, which may include a mechanical registering device,
magnetic clutch and a magnetic braking device. The
braking and registering device may become operative only
after shaft 915 attains approximately full speed. When the
braking and registering device becomes operative, suitable
positioning means such as, for example, a register tooth, is
elevated by magnetic control as soon as the shaft 915
reaches a determined speed. FIG. 55¢ shows a suitable
positioning means. A magnetically controlled braking
mechanism delays the shaft 915 slightly with respect to the
drive from the main shaft 899 through gear 907 until
during the rotation the perfect register is obtained through
the register tooth. Synchronizing means 911, 913 and 914
are operative at shafts 916, 917 and 918 in the same
manner.

In FIG. 55e, which is a schematic diagram of an em-
bodiment of a positioning arrangement which may be
utilized in the arrangement of FIG. 55, the arrangement
functions to synchronize and position a rotating exchange-
able memory 4351 in accordance with the conditions pro-
vided by the central synchronizing clock and the informa-
tions stored in the exchangeable memory.

The exchangeable memory disc 4351 includes a center
portion 4352 by which it is mounted on a shaft 4353. The
shaft 4353 includes a portion 4354 which has a larger
diameter than its own portion 4355 on which the center
portion 4352 of the disc 4351 is mounted, The portions
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4352, 4354 and 4355 are substantially cylindrical in con-
figuration with substantially circular cross-sectional areas;
the portion 4355 forming a shoulder 4356 on the portion
4354. A drive ring 4357 of plastic material or the like is
positioned on the shoulder 4356 of the poriion 4354 and
functions as a clutch in contacting the center portion 4352.

A slip ring 4358 is slidably coaxially positioned on the
portion 4354. The slip ring 4358 has a projection 4359
extending in the axial direction of said slip ring. The pro-
jection 4359 is slidably positioned in a radially and lateral-
ly extending slot 4360 formed in the portion 4354. The
movement of the slip ring 4358 and the projection 4359
along the portion 4354 is controlled by a rod or bar 4361
which may be rotated about a pivot point 4362 there-
through. The center portion 4352 has a radially and later-
ally extending slot formed therein adapted to receive the
projection 4359 of the slip ring 4358 and the rod 4361 is
maintained engaged between the rings of the slip ring 4358
by any suitable means to permit the slip ring to rotate free-
ly and also to permit the rod to shift the slip ring in an
axial direction. The shaft 4353 is coupled to a drive shaft
4363 by a brake and clutch device 4364 which may com-
prise any suitable shaft coupling arrangement.

When the disc 4351 is mounted on the portion 4355 of
the shaft 4353 via the center portion 4352 of said disc and
the shaft 4353 is not rotating, the clutch device 4364
couples the shaft 4353 to the drive shaft 4363 to rotate
the disc 4351, The only drive coupling between the center
portion 4352 and the shaft 4353 is the drive ring 4357.
The disc 4351 must be positioned as soon as it reaches
synchronism with the drive shaft 4363.

The disc 4351 is positioned by disconnecting the shaft
4353 from the drive shaft 4363 and decreasing the angular
velocity of the shaft 4353 by the brake device 4364, The
center portion 4352 of the disc 4351 slides on the ring
4357 and the rod 4361 is rotated about its pivot point 4362
and moves the slip ring 4358 in the axial direction toward
the disc 4351. The projection 4359 of the slip ring 4358 is
moved with said slip ring and is urged against the center
portion 4352 of the disc 4351 so that the disc is angularly
displaced or displaced in position in relation to the shaft
4353 until the projection 4359 slides into the slot formed
in the center portion 4352. When the projection 4359 of
the slip ring 4358 is in the slot formed in the center portion
4352 of the disc 4351, the disc is properly positioned and
the shaft 4353 may be coupled to the drive shaft 4363.

The object of the synchronizing means is, during the
operation of transfers between the various input-output
and memory means, to provide mechanical synchroniza-
tion between main shafts 898 and 899 and shafts 916,
915, 917 and 918, According to the alternating use of
the exchangeable pairs of input and output files, how-
ever, only one of the shafts 916 and 915 and one of the
shafts 917 and 918 of such pairs will rotate under these
conditions, whereas the other one will be stationary in
order to permit the loading or unloading of information.
The disc memories 902, 903, 904 and 905 may also com-
prise parts of the main memory 896 and said main
memory may also be of a drum type.

Transfer means 919, 921, 922 and 923 permit the
transfer of data in a bilateral direction between the record
disc means 902 and 903, respectively, through transfer
means 919 and 921, respectively, and through transfer
set 924 to the main random access memory 896. Each
of the transfer means comprises AND gates and ampli-
fiers. In similar manner, the record disc units 904 and
905, respectively, may cooperate with the main random
access memory 896 in a bilateral direction through trans-
fer means 922 and 923, respectively, and through trans-
fer set 925. Each of the transfer sets comprises AND
gates which select one of a plurality of output lines.

In order to permit a direct bilateral transfer from
and to magnetic record cards, used either as input means,
output means, or as exchangeable memory units of a
lower cost type, main shaft 899 is coupled mechanically
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through gear 926 and shaft 927 with recording and sens-
ing disc 928. The disc 928 includes signal heads which
are operative under, for example, air gliding conditions
with the magnetic layer on a record card 929. The struc-
ture of such discs and magnetic record cards is described
hereinafter in greater detail.

The record cards may be fed from hopper 931 to
stacker 932 in arrow direction 933 by a feeding mech-
anism 934. The arrangement may also be of such a type
that hopper and stacker may be used in a reversible di-
rection so that the card feed may also operate in both di-
rections to permit the selection in a random access. The
record cards may also be held in exchangeable magazine
type “hoppers and stackers,” where the drive of the card
operates from one side to the other. When the record
is under the sensing disc 928, a stepping or jumping
mechanism may be provided to arrest the record card
to hold the card in the next following sequential order
sensing or recording condition or the card may be
stopped in selected columns random-wise, The sensing
and recording means of disc 928 are connected with
the transfer set 924 and through it to the random access
memory 896 through transfer means 935.

In order to permit the application of magnetic tapes
without expensive buffer systems, tape 936 may be used
and wound and rewound on reels 937 and 933. The tape
may incorporate signal heads, operative, for example, in
a gliding head method manner described hereinafter in
greater detail. A disc 939 may be rotated by a shaft 941
in mechanical coupling with the shaft §99 through a gear
942. The transfer means 943 permits the bilateral trans-
fer of signals from and to the signal heads of the respec-
tive sensing recording disc 939.

The various components shown in mechanical linkage
with the random access memory are various examples
of combinations which in a given case may or may not
be used according to the prevailing conditions. The equip-
ment itself is also operative if only the main random
access storage is used, and if this storage receives the
input data directly and also operates directly as a source
for the output of information.

The equipment may also be electrically connected to
magnetic tapes 944 and 945 moved in arrow directions
946 and 947, respectively, as long as their recording
lengths correspond to the size of the input or output
storage parts recorded in the random access memory
896 and the discs 902, 903, 904 and 905, respectively.
In this case, the tape speed must not exceed in its char-
acter rate the character rate of the random access
memory 896. Tt is preferably a little slower in order to
permit the transfer of information to and from the tape
944 through signal head 948 with a minimum capacity of
core buffer storage 949 in which each of parts 951 and
952 of said buffer storage may be used in an alternating
manner, and may include 100 character storage posi-
tions to permit the transfer of data from sensing head
948 through said buffer storage through transfer means
924 to the rotating random access memory 896.

Similar conditions prevail if a plurality of computer
files transferring their information through communi-
cating lines, respectively communicate through the input
and output of the file with each other, or if terminals are
linked through communicating lines.

If rotatably switched heads are utilized, as described
hereinafter, the buffer storage may not exceed twice the
number of characters which at the given character trans-
fer speed may be provided as storage space on the rotary
storage surface with reference to the access time of the
rotatably switched heads. A buffer storage is an inter-
mediate storage which operates as a reservoir for infor-
mation to insure that there is enough data available to
be fed to the next following storage.

The use of the asynchronous transfer from magnetic
tape recording to the rotary drum type recording with-
out too large buffer equipment may be especially useful



3,548,381

83

in the relationship between strip-type large capacity stor-
ages and the transfer of information in the form of in-
formation units to the rotary type random access storage
means, This permits the combination of the rather slow
operative access in the large memories of the strip-type
memories with the rather speedy access in the disc-type
memories. For this purpose, the same principle may be
applied to intermediate storages, which may be used to
permit the transfer of information to and from the main
buffer storage at a selected time period. The arrangement
may be of such type that the rotary disc which pulls the
strips out may be joined and coupled with the magnetic
surface equipment or may have a magnetic surface on
part of it to initially permit an intermediate storing of
transferred data from the strips in the rotary recording
means, from which a transfer may occur through the
rotary head switching system described hereinafter to
the main random access storage 896 at seclected time in-
stances. If the speed of reading and recording are about
the same, with respect to the character rate, as the char-
acter rate of the rotatable storage means, then it is
preferable to use three sets of 100 character buffer stor-
ages 949, instead of the two 100 character storages 951
and 952, and to use them in sequential manner in order
to permit an increase in speed, which may occasionally
oceur,

The transfer of data from the main random access
memory 896 or the memories 902, 903, 904 and 905 to
the magnetic strip type memory or tape 945 occurs again
through the transfer set 924 to recording head 953 and
such setting and recording transfers between strips and
tapes and memories may occur under the control of a
control device 954 operable under program control in
a known manner,

In order to take full advantage of the system proposed,
the random access memory 896 may have a plurality of
areas 955, 956, 957, 958 and 959, respectively, which in
themselves have special functions. They may also differ
from each other in the manner that one or more storage
areas share the information in sequential order, or may
be used for sorting and merging purposes whereas others
have the single information and others may be arranged
in a straight random access, The storage areas 955 and
956 may be used as the sorting area in order to sort the
daily incoming information into a sequential order by
transferring and retransferring of data in a merging man-
ner, comparable to tape sorting by collating. Storage area
957 may be an indexing area in which the respective lo-
cality of such groups of information, as indicated, are
constantly reviewed and rerecorded in order to provide
direct access to the groups of information, in which, for
example, sequential order may be used to reduce the re-
quired arm movement for disc and track selection to a
minimum. The index register storage area may also refer
to groups of sequential order outside memories in which
such sequential orders may exist on a daily input basis,
or weekly, decade, or monthly input basis, or any other
usable subdivision manner, and for which, for example,
magnetic record cards or tape of the type hereinafter de-
scribed may be used,

It seems appropriate to limit the sequential order ac-
cording to the input to, for example, certain time periods,
and to utilize random access to such groups to permit the
transfer of one such time group to the next in order to
avoid too large merging processes and scanning opera-
tions within the group.

It is evident that the merging provisions effect a shift-
ing of information back and forth to a certain degree
so that the index storage area 957 has to be kept alive
under the newest condition of respective localities in which
address information for groups or data items is to be
found.

If such storages are used to permit the connections be-
tween details and summaries, breakdowns may also be
made into time periods, so that the storing of informa-
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tion may occur within a time period sequence. The time
periods may be, for example, months, or whatever the
case may be, with sequential order. The size of the groups
may depend on the requirements of the application sys-
tem and the volume of such sequential order information.

The magnetic record card type of storage, in the form
of the cards held in hoppers and stackers 931 and 932
which selectively transport piles of record cards, utilize,
for example, sorting and collating means for usual types
of punched cards. This is permissible if predetermined
perforations are formed in selected areas of such cards
or if the equipment is under magnetic record control. The
index system may then also include the addressing of
groups of such cards. Furthermore, address index files
which are rarely used may also be stored. The cards may
themselves be used as reference record cards, thereby per-
mitting the reference addressing of information, for ex-
emple, for subassemblies in which reference is made to
the parts or materials used for such subassemblies. The
subassemblies themselves may be used for a plurality of
subassembilies, but have to be recorded at only one locality
in order to avoid the system difficulties with a plurality of
records for the same parts, and themselves form again a
new group of information, for example, for material and
manual machine operations, respectively,

The storage area 959 may be used with the indexing
area 957 for making available summary informations
which refer to certain texts and numbers, for example,
prices, which are to be selected to address numbers, but
which may also include comparable information for sum-
marized data for certain reporting periods, always includ-
ing the newest balances or sums for certain periods.

As the incoming information is sorted in the arca 955
and 956 in sequential order, the indexing may take place
again through the sequential order index track system
958 to permit the transfer of the address in sequential or-
der to the locality in which summarized information is
stored.

The electrical control of the sorting and merging equip-
ment used in the storage operation is illustrated by FIGS.
55b, 55c and 554 which shows in greater detail the layout
of the sorting parts 955 and 956 of the random access
storage 896. The motor 897 drives the set of discs 961,
962, 963 and 964, 965 and 966, respectively, through the
shaft 898. The discs 961 to 966 are mechanically coupled
in synchronism with a disc 967 which has two times three
assembly tracks 968 to 968¢ and 969a to 969c¢. There
are ten sets of signal heads 971a to 971 j above the as-
sembly tracks 968a to 968c. The sets of signal heads
971a to 971j are spaced from each other by regular dis-
tances and each set includes three signal heads on tracks
968a to 968c. Ten sets of signal heads 972a to 972 are
arranged above the tracks 969a to 969c in the same cir-
cular arrangement and each set includes three signal
heads. FIG. 56 shows these tracks extended for the full
length of a track.

The disc 967 includes a track 973 for sector pulses
which are placed at regular distances so that they occur
in the time period of the gap between the information
unit informations. Such gaps are provided with sufficient
tolerance to permit the adjustment of the heads and to
permit sufficient play in the gears 906, 907, 908, 909, etc.,
for cooperating with other storage means. The sector
pulse track 973 is sensed by signal head 974 which sup-
plies the sensed pulses to a line 975.

Information units sensed selectively from assembly
tracks 9684 and 9694, respectively, which are used in an
alternating manmner, are transferred through a line 976a
to the AND gate system 977q. Data from signal tracks
968b and 969b, respectively, are selectively transferred
through a line 97656 to AND gate system 977b. Data se-
lected from the track 968c and 969c, respectively, in an
alternating manner, are transferred through a line 976¢
to AND gate system 977c.

The loading of the tracks 968« to 968¢ and the tracks
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9694 to 969¢, respectively, occurs from record discs 961,
962 and 963 from which information units are sensed by
heads 978, 979 and 981, transferring the information unit
data through lines 9824 to 982¢, AND gates 983a to 983¢
and signal heads 984a to 984c, respectively, to the signal
tracks 968a to 968¢, respectively, and in an alternating
manner, through AND gates 985z to 985¢ and signal
heads 9864 to 986¢, respectively, to the recording tracks
969a to 969¢. The alternating condition is controlled by
a flip-flop 987, having a set output connected through line
983 to AND gates 9834 to 983c to make said AND gates
conductive under alternating conditions in opposition to
AND gates 985a to 985c¢, which are connected to the reset
output of the flip-flop 987 through a line 989. The flip-
flop 987 is controlled by a programming control device
991 through lines 992 and 993. The programming con-
trol device 991 may operate according to the conditions
known from merging and sorting information under three-
fold comparison from two three-tape units to another set
of three-tape units, for example.

The selective control of the transfer of information
from signal tracks 968a to 968¢c and 9692 to 969¢ to re-
cording discs 964, 965 and 966, respectively, occurs under
the control of a comparator 994. The comparator 994 may
be any known type which determines which of three sort-
ing numbers is the lowest and supplies such information
through lines 9954 to 995¢ to the set inputs of control
flip-flops 996, 997 and 998 for the selective transfer of
information units. The comparator 994 may be operative
under known conditions in serial or parallel manner.

The transfer of assembled information from the tracks
968a to 968¢ and the tracks 969a to 969¢ occurs on
discs 964, 965 and 966 through recording heads, 999,
1001 and 1002. The recording heads 999, 1001 and 1002
may be operative in selective tracks under the control of
track selective devices. Track selecting devices 1003, 1004
and 1005 control, through shafts 1006, 1007 and 1008,
the movement of signal heads 978, 979 and 981 selectively
according to any principle known in the art, such as, for
example, the principles used with selectively operable disc
files for random access.

Signal heads 999, 1001 and 1002 are under the track
selecting control of track selecting mechanisms 1009,
1011 and 1012, respectively, through shafts or bars 1013,
1014 and 1015, respectively. Separate mechanisms 1003,
1004 and 1005, and 1009, 1011 and 1012, respectively,
have been shown in order to simplify the description. In
practical use, however, the track selection mechanism
may be a single mechanism driving the shafts or bars
1006, 1007 and 1008, and 1013, 1014 and 1015, respec-

tively, in common and using different areas on discs 961 :

to 966 for the recording of the specific information for
input and output transfer of data for assembling in one
track after the other in sequential order. The informa-
tion units are sensed or picked up selectively either from
the group of three assembly tracks 968 to 968¢ or from
the tracks 9694 to 969c.

A program unit (not shown in FIGS. 55a to 55d) pro-
vides control signals for mechanically moving the signal
heads 978, 979, 981, 999, 1001 and 1002 via lines 900,
910, 920, 930, 940 and 950, respectively.

If a common driving mechanism for track selection is
used, the shaft or bars 1006, 1007, 1008 and 1013,
1014, 1015 and the signal heads 978, 979, 981 and 999,
1001, 1602 are moved in common and may be regarded
as sequential order track sensing and recording signal
heads. Thus, the six tracks above which the six signal
heads are positioned during one portion of a track selec-
tion are switched, one after the other, in sequential order
by sequentially switching signal heads 978, 979, 981 and
999, 1001, 1002 in such a manner that it seems that head
978 has been moved track by track over six tracks in step-
wise operation. The first group of tracks on recording
discs 961 to 966 may be used instead of disc 961, a second
group of such tracks on discs 961 to 966 may be used
in sequential order as hereinbefore described instead of
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disc 962, and a third group of such tracks on discs 961
to 966 may be used in sequential order as hereinbefore
described instead of disc 963.

The reassembling of information units is similar to the
stepwise manner of sorting by collating used in tape sort-
ing and collating, but with the great advantage of speed,
avoidance of any mechanical step drives and the great flex-
ibility permitted by the present arrangement, and avoid-
ance of unnecessay repetitions of track selection arm
movements.

The transfer occurs under electronic stepwise switch-
ing; that is, by switching the gating conditions of a set
of heads 971a to 971 and 972a to 972/, respectively, un-
der alternating conditions. As hereinbefore mentioned,
an information unit length, corresponding to 100 char-
acters, for example, may be contained in each of the
tracks 9684 to 968¢ within the distances between adjacent
heads of the set of heads 971« to 971j. Thus, each of the
tracks 9684 to 968c may store each ten of the informa-
tion units, for example 10X 100 characters, which may
have been transferred from the input discs 961, 962, 963
through signal heads 978, 979, 981, the lines 982a to
982c and the upper set of AND gates 983a to 983c to
sensing heads 984a to 984c above the tracks 968a to
968¢.

The set of AND gates 9834 to 983c¢, and therefore sig-
nal heads 984a to 984c, are operative for a transfer of
one track of information units from discs 961 to 963 to
tracks 968z to 968¢ of the rotatable member 967, if the
flip-flop 987 is in set condition so that it controls the con-
dition of the AND gates 9834 to 983c¢ through its set out-
put and the line 988. The flip-flop 987 controls by its re-
set condition the AND gates 9854 to 985¢ through a line
989, connected to its reset output, by supplying one of the
conditions for their conductiveness. The programming
control 991 controls the flip-flop 987 via lines 992 and 993
in order to control, through lines 1016a to 1016¢ and
these AND gates, the recording operation of the signal
heads 986a to 986¢.

The selection of the tracks to which a transfer is to
occur and the speed of such a transfer are under the
control of the other controlling input of the set of AND
gates 983a to 983c and 9854 to 985c, respectively, under
the initial control of the programming control unit 991
through lines 10174 to 1017c. The collating of data, and
the sorting of the data in a collating manner, occurs
from the tracks 9684 to 968c and alternatively from the
tracks 969a to 969c by selective transfers from signal
heads 9714 to 971j and 9724 to 972, respectively. As an
example, for illustrative purposes, signal heads 971a to
971 are considered to sense the tracks 9684 to 968c.
This permits the merging of the information units in one
of the tracks 968z to 968c in any required sequential
order by transferring them selectively and sequentially
to one track of the record discs 964, 965 and 966.

When one track is filled, the sensing operation is
switched from that track to the next. Parallel tracks,
spiral tracks with stop intervals, or track arrangements
‘of the type hereinafter described, may be used for this
‘purpose. Assume that, during the process of sorting by
‘collating, a pattern of information units corresponding
to Table VIII, rows or lines YU, YV and YW, that is,
information units grouped in group lengths of three in-
formation units in three tracks, is recorded in the tracks
968a to 968¢c. If these information units are to be as-
sembled into groups of nine information units according
to the pattern ZX, ZY, ZZ of Table VII, on discs 964,
965 and 966 the assembly would occur as follows.

If the rotation occurs in arrow direction 1018 of FIG.
55b, and at the start of the description the line XX, that
is, the zero line (front edge) of the information of Table
VIII is in the upper vertical position, then the information
according to the pattern line YU of Table VIII would be
contained in sectors I-1X of track 968a.

Each of the sectors, that is, each information unit,
contains not only the sorting field, which is shown in
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Table VII, but also all of the other fields contained
within the information unit of the respective sector, The
track 9685 would correspondingly include the information
of row or line YV of Table VIII and the track 968c
would includes the information of row or line YW of
said table.

If an assembly of information units in sequential order
of groups of nine is to be obtained in the first track of discs
964, 965 and 966 according to the pattern of row or line
ZX of Table VIII on disc 964, row or line ZY of said
table on disc 965 and row or line ZZ of said table on
disc 966, each in the first track, then in the set of three
signal heads 9714, that signal head must be switched on
during the time period in which sector I passes below
the set of signal heads 971g which is above track 968c.
This is due to the fact that according to Table VIII,
the information unit with the sorting field “006” in row
or line YW is to be first transferred to row or line ZX
because this information unit includes the lowest sort-
ing field, so that the second unit with the sorting field
“006” is assembled in the outside track on disc 964 as
the first information unit.

The arrangement of FIG. 55 is such that with the
pulse rate sensed by the signal head 974 and delivered
through the line 975 the set of signal heads 971a to 971j,
displaced sectorwise around the disc surface, are made
operative in successive sequential order in a counterclock-
wise manner so that after sector I has passed below the
set of signal heads 971a in opertaive condition, it will
pass below the set of signal heads 971b in operative
condition. The advancing of the switch-on condition of
signal heads occurs under the control of counters 10194
to 1019¢ (FIG. 55¢), of which each of the counters has
ten counting steps and of which the counter 10194 con-
trols the conductivity of the signal head of the set of
signal heads 971a to 971j above the track 968« in sequen-
tial order, counter 10196 controls the conductivtiy of the
signal head of the set of signal heads 971a to 971j above
the signal track 9685, and counter 1019¢ controls the
conductivity of the signal head of the set of signal heads
9714 to 971; above the track 968¢ (FIG. 65).

The counterclockwise advancing of the gating control
of the signal heads 971a to 971j has the effect that, if no
additional control occurs, the leading portion of the se-
lectable sector information is always under sensing condi-
tion in all three tracks. Additional control means pri-
marily include the flip-flop 996 with AND gates 1921a
and 10224 for the track 968q, the flip-flop 997 with AND

gates 10215 and 10226 for the track 9685, and the flip- |

flop 998 with AND gates 1021c and 1022c¢ for the track
968¢. The additional control means are operative to per-
mit a controlled holding back of the electronic stepwise
advancing operation of the signal heads 971la to 971j
under selective control. This occurs by suppressing, as
described hereinafter, the driving pulse for the respective
one of counters 1019a to 1019c¢, in this case, the driving
pulse for counter 1019¢, as soon as an information unit
is to be sensed from one sector of such track and is to
be transferred sequentially to the respective operative
track of discs 964, 965 or 966, for example, the outside
track, as hereinafter described, in the sequentially switched
tracks of discs 964, 965 and 966. In this case, the switch-
ing condition of the signal head above the track 968c,
and within the signal heads 971a, does not advance with
the other signal heads above tracks 9684 and 9685, since
an information unit has to be sensed from the signal
track 968c. Therefore, at the time instant that sector I
has passed the set of signal heads 971« and is just before
the sensing condition of the set of signal heads 971bh,
the switching conditions of the signal heads which are
above the tracks 968z and 968b are advanced with re-
spect to their prepared gate switching from the set of
signal heads 971a to the set of signal heads 971b. That
signal head in set 971a which is above the track 968c,
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however, remains switched-on during this sector period
with respect to its readiness to permit, if required, a se-
lective transfer of the next information unit contained
within sector IT of the track 968c¢ during the passage of
sector II below the signal head above the track 968c¢
in the set of signal heads 971aq, to permit a transfer of
the information unit, if selected, to the respective one
of the sequential order tracks on discs 964, 965 and 966.

In the operation depicted by Table VIII, the first in-
formation unit of row or line YV containing the sorting
field 022" is selected for a transfer to the second se-
quential order recording field in the respective outside
track of disc 964. This transfer occurs during the sector
period in which sector I passes below the operative one
of the set of signal heads 971b, which is positioned above
the track 968b. The switching conditions of the signal
heads of the set of heads 9715 above the track 9684 are
advanced to the set of signal heads 971c, so the signal head
of the set of heads 9715 above the track 9686 is not ad-
vanced in its state of preparedness after the second trans-
fer of an information unit, and the signal head above
the track 968c is advanced from the set of heads 971«
to the set of signal heads 9715.

As indicated in Table VIII, the next following infor-
mation unit recorded in the third sequential order of
information units in row or line ZX, that is, in the out-
side recording track of disc 964, including the sorting
field “024” is sensed or picked up from sector I, row
or line YU of Table VIII, that is, from sector I in track
968a. The sensing or picking up is accomplished by that
one of the set of signal heads 971c, which is above track
968a, so that such head remains stationary with respect
to its switch condition for the time period of one sector,
whereas the signal heads above tracks 9685 and 968c
are advanced with respect to their switch conditions by
one sector so that the signal heads above tracks 9686
and 968c are then advanced to the set of signal heads
971c with respect to its conditions.

As indicated in Table VIII, the next information unit
which is transferred in sequential order to the outside
track of disc 964, according to row or line ZX of Ta-
ble VIII, is the information unit with a sorting field “052”
and this information unit is picked up from the track
968¢ sector II. This occurs during that sector time period
in which sector II passes below the signal head of the
set of heads 971c above the track 968c, which signal head
is then in prepared switched-on condition. Therefore,
during this sector time period, in which the transfer oc-
curs in sequential order, the signal head above the track
968c remains stationary with respect to its switchable
condition, while the signal heads above the tracks 9684
and 9685 are advanced. This is repeated until the end
of a group of information units is reached; that is, for
example, according to row or line YW of Table VIII,
after the next transfer of the information unit containing
the sorting field “064,” which is from the signal track
9685 when' the respective prepared signal head is in
the set of signal heads 971c.

An assembly of information units thereby occurs under
the selective control of an electronic switching arrange-
ment, which holds for the next sector period in ready
condition for the next following one of the information
units, that head which has just completed a selective
transfer of an information unit, whereas it advances the
switching conditions of the signal heads of the other
tracks by one sector, if no selective transfer took place
during that sector period. This permits any possible merg-
ing and sorting procedures, known from stepwise ad-
vanced magnetic tapes, but with the speed of rotation
multiplied by the number of signal heads circumferen-
tially displaced around the assembly track, involving a
transfer of information units from the tracks of the discs
961 to 963 to the tracks of the discs 964 to 966. The
tracks of the discs 961 to 963 and 964 to 966 may all
be parts of the same storage areas.
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In order to permit a presensing of the sorting field
for the comparing of the numerical or alphabetic value
of the selected sorting fields in the comparator 994 in
the switching arrangement, the signal heads are advanced
or not advanced with respect to their switching conditions
so that the advancing of the signal heads always occurs
for two selected ones of such signal heads. The preceding
ones of the pair of prepared signal heads permit a pre-
sensing of the information unit under selection of the
sorting field information to be transferred to a word-
comparing register in order to permit, if so determined,
in consequence of the comparison, a selective transfer
of the information unit by the next following sensing
signal head. The switching arrangement for this control
is hereinafter described with reference to FIG. 65.

As shown in greater detail in FIG. 65, the stepwise
advancing of the switching conditions of the pair of sig-
nal heads for the presensing of the sorting field informa-
tion in an information unit and the final sensing for
the purpose of a selective transfer of such information
unit information during the full rotation speed, is ef-
fected by an electronic stepping mechanism. In the step-
ping arrangement, a pulse-driven counter, provided for
each track, controls through its counting stages pairs of
AND gates provided for each signal head of the tracks,
and the supply of pulses to the counter is controlled by
the same flip-flops 996, 997 and 998 coordinated to each
of the three assembly tracks 968a to 968c. The flip-flops
996, 997 and 998 also control the AND gates for the
main lines through which the transfer of informatiomn,
mainly to the sorting field registers and the comparator
994 and to the recording heads 999, 1001 and 1002,
occurs.

If no information unit is to be transferred from, for
example, the track 9684, during the passage of the fol-
lowing sector below the ready or prepared signal head,
the stepping switch advances to the next one of signal
heads 971a to 971 above said track. This is in order to
permit the sensing of the information which was not used,
if it may be selected in the next sector time period in
order to assemble the information units from, for exam-
ple, three tracks to one track, for example, according to
sorting rules in which the information unit, which in-
cludes the lowest sorting field value, is always to be
transferred as the next one to a sequential order track.

Due to the condition that no transfer will occur un-
der control of that one of flip-flops 996, 997 and 998
which is coordinated to the respective signal tracks 968a
to 968c and 969a to 969c, respectively, under alternating
conditions, such flip flop remains in reset condition. If,
on the other hand, one of the flip-flops 996, 997 or 998
is set, the transfer condition occurs for the respective
track for the information unit of the next sector infor-
mation. This causes the transfer of the information to
occur from the respective one of the switched-on ready
or prepared signal heads. Simultaneously, a transfer of
the sorting field information by the preceding head into
the comparing word register coordinated to the respective
track occurs and the pulse advancing the coordinated
counter sector-wise by the pulses sensed by the signal
head 974 is suppressed in effectiveness during the one-
sector period. In order to perform this function, the reset
output of the flip-flop 996, which may be coordinated to
track 968a or 9694 in order to control the selective trans-
fers from the respective track, is connected through a
line 1023 to the AND gate 10222 which receives the
sector pulses sensed by signal head 974 through the line
975, delay means 1024 and line 1025. In the reset con-
dition of flip-flop 996, these pulses enter through the then
conductive AND gate 10224 and through a lead 1026
to the left side input 1027 of the ten counting step counter
1019a which will be initially reset through the reset input
1028. The incoming sector pulse therefore advances sec-
tor counter 1019 step by step and the signal heads are
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correspondingly advanced sector by sector with respect
to their switching conditions (see FIG. 65).

If, on the other hand, the flip-flop 996 is in its set con-
dition, that is, the comparator 994 has determined from
the preceding comparison that the information unit in
track 968a, which follows in the next sector, includes the
lowest sorting field, said comparator prepares the AND
gate 1021a, through lead 1029, to permit the passing of
an information from the switched-on signal head through
the line 9764 and line 10312 to OR gate 1032, On the
other hand, the switching over from the reset output of
the flip-flop 996 to the set output thereof does not prepare
the AND gate 10224 to pass the pulses entering through
lead 1025 so that the counter 1019¢ is not advanced dur-
ing this sector time period. As the sector pulses supplied
to the line 975 are also continuously supplied to the reset
inputs of flip-flops 996, 997 and 998 before the line 975
enters delay means 1024, the flip-flop which has been set
and has suppressed, through the non-conductive AND
gate 10224, the advancing of the respective one of the
counters 1019a to 1019¢, is reset by the sector pulse
through the line 975, and the next following sector pulse
arriving at AND gate 10224, 10226 or 1022c, respec-
tively, dependent on which one had been operative be-
fore, may then be conducted through the respective one
of the AND gates 1022a to 1022c since the sector pulses
are delayed by the delay means 1024. This delay, of
course, is shorter than the time period required for the
bypassing of the gaps between adjacent information units
under the signal heads. The signals of the sensed informa-
tion units are supplied through the stepwise controlled
switching of the signal heads as far as they refer to the
transfer of information units under the control of the
AND pates 1021q to 1021c to lines 1031q, 10316 and
1031c. The preceding information unit for the preceding
sector supplied to line 10344 to enter that part of the in-
formation of the information unit which represents the
sorting field, is fed into the word register coordinated
to the respective track in order to determine by compari-
son with the other two word registers coordinated to the
other two tracks in the comparator 994 from which track a
transfer is to occur during the next sector period.

Information units passing through OR gate 1032 are
fed to AND gates 10354 to 1035¢. The AND gates 10354
tn 1035¢ are controlled by the program control 991 via
line 1056 and a program decoder 960. By controlling the
AND gates 10354 to 1035¢ in this manner, the informa-
tion umits are fed to the respective one of the storages
964, 965 and 966 via lines 9904, 9905 and 990¢. For the
initial input of information, the OR gate 1032 has an in-
put lead 1033 through which information is fed to the
storages 964, 965 and 966 through AND gates 10354 to
1035¢ from the transfer set 924 (FIG. 554).

Flip-flops 1036, 1037 and 1038 are used in order to
control individual switch over from track 968z to track
969a, from track 9685 to track 9695 and from track 968c
to track 969c, respectively, when ten information units
have been sensed from the respective alternating tracks.
The switching over occurs under the control of counters
1039a to 1039¢ (counters 10395 and 1039¢, not shown
in FIG. 55c, are connected to flip-flops 1037 and 1038)
which are cut to ten counting steps. In FIG. 55¢ only the
circuitry for the flip-flop 1036 is described; the other flip-
flop 1037 and 1038 circuits functioning in the same man-
ner. The counter 1039q is coordinated to the switching-
over conditions of track 9684 to track 969a and to control
the flip-flop 1036. The counter 1039, which has a reset
input 1041, is used to control the switching over of the
flip-flop 1036 from one condition to the other. The counter
1039a is advanced by pulses derived from the set output
of flip-flop 996 through differentiating means 1042. Each
selected transfer of one sector information, that is, of one
information unit for the respective track, is thus counted
since the flip-flop 996 is set if an information unit is to be
transferred and is reset at the sector end before a new
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transfer may occur because the line 975 conducts unde-
layed sector pulses. As soon as ten such transfers have oc-
curred effectively, a pulse at the carry output 1043a of
the ten-step counter 1039a is supplied via lead 1044a to
set the flip-flop 1036 through AND gate 1045q, if the
flip-flop 1036 was in reset condition before, and AND
gate 10454 is prepared via reset output of the flip-tlop
1036 through delay means 1046a to supply the next fol-
Jowing pulse in the lead 1044a to set the flip-flop 1036.
Since the set output of the flip-flop 1036 is connected to
AND gate 1047a through delay means 1048a, the next
following pulse will reset the flip-flop 1036 so that after
each ten selected transfers of information units the sens-
ing conditions for the tracks are alternately reversed under
control of the set and reset outputs of flip-flop 1036.

The set and reset conditions of the flip-flop 1036 con-
trol AND gates 10494 and 10514 through lines 1052a and
1053z to permit the switching over from the track 9684
to the track 9694, and vice versa, under alternating condi-
tions after each ten selected transfers of information units.
The same control is achieved by the flip-flop 1037 through
AND gates 10495 and 1051)b for the tracks 9686 and
9695, and by the flip-flop 1036 through AND gates 1049¢
and 1051¢ for the tracks 968c and 969c.

The selective transfer of such information units during
the full rotation speed by advancing the electric switch-
ing conditions of the signal heads if an information unit
is not to be transferred during one sector period and pre-
venting such advancing, if an information unit is to be
transferred, results in an assembling of information unit
information according to the conditions of Table VIIL
This result is achieved if the programming control 991
and the comparator 994 control the group length by
counting and controlling correspondingly the group

lengths of information unit recording areas into groups :

of 3!=3 information units upon the first passage of the
information units to be sorted, into groups of 32=9 in-
formation units upon the second passage of the informa-
tion units to be sorted, into groups of 33=27 information
units upon the third passage of the information units to
be sorted, and so on, according to Table IX. It is obvious
that the same assembly track arrangement may be used
for other merging and selective duplicating tasks if the
control wnit is programmed to control such selective
operations, as known, for example, from collators and re-
producing punches and the tape equivalent.

The building up of groups of record lengths is con-
trolled in dependence on the selected information which
are picked up and counted, which is independent for each
three tracks, and is therefore dependent only on informa-

tion units actually picked up. This is indicated by signals °

supplied at the setting of the flip-flop 996 for the track
968a and at the setting of the flip-flop 997 for track 9680
and at the setting of the flip-flop 998 for the track 968c.

The flip flop 1036 circuitry includes a line for supply-
ing the information through the differentiating means 1042
to a line 1054a operable to supply pulses to a counting
system 1055z (FIG. 554). The counting system 1055a is
adjustable increasingly after each run by one additional
row of three step counters in such a manner that the first
three-step counter transfers a carry after the first run,
whereas this carry is transmitted only as a pulse to the
next following three-step counter in the second run. The
last-mentioned three-step counter supplies a carry pulse
after the ninth count of the information unit. This is again
stepped up by a 27th count if the 9th carry pulse is not
directly supplied to a lead 1056, but is only supplied for
the third run to the third counting group of three so that
the pulse is supplied as a carry signal after 27 informa-
tion units have been selectively picked up, so that, with
each run, the groups are increased in powers of three.
This is indicated in the programming control unit 991 of
FIG. 554 by the counting system 10552 to 1055¢ which
supplies a control pulse to the line 1056, but is described
in detail with reference to FIG. 66.
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(F) Assembly tracks and heads

FIG. 56 shows the arrangement of the disc 967 (FIG.
55) for collating the information unit information. The
tracks of the disc 967 are shown elongated in FIG. 56,
to illustrate all ten sectors I-X. The zero line of the
tracks is indicated by a line or mark 1063 on the left-
hand side and the right-hand side of FIG. 56. The tracks
968z to 968¢ and 969z to 969c, respectively, are sensed
by the set of sensing heads 971a to 971j. Since FIG. 56
shows the area beyond the zero line 1063 by one set of
signal heads 9714, said set of signal heads is shown twice;
namely, on the left-hand side and on the right-hand side,
to illustrate the circular arrangement of the tracks. There
are gaps in the recording area between sectors I, 11, IIT,
etc., which are used in order to permit facility in spacing
and adjustment of the signal heads and facility in posi-
tioning of all parts connected with this equipment. The
set of signal heads 971a to 971 is shown over the tracks
968z to 968c with separate signals heads @, b and ¢ within
each of the sets 971a to 971j and with separate signal heads
d, e and f above the tracks 969a to 969c¢ for the sets 971a
to 971j. Each of the signal heads is operative under the
stepwise advanced switching condition hereinbefore de-
scribed with reference to FIG. 55 and hereinafter described
with reference to FIG. 65. The outside track of the disc
961 is indicated by reference number 1064a and it is
sensed by the single signal head 978 in serial condition.
The output track of the recording disc 964 during one
transfer operation is indicated by reference number 10645
under recording conditions of the signal head 999 in se-
rial condition. The sensing and recording conditions of the
group of tracks 963a to 963¢ (a to ¢) and 969 to 969¢
(d to f) are reversible with respect to the sensing and
recording conditions, Similarly, tracks 1064z and 10645
with the heads 978 and 999 are operative for the various
merging runs for the purpose of sorting and collating
under reversed sensing and recording conditions.

With a serial-serial recording of bits in the tracks 968a
to 968c, of which one track includes ten sectors of in-
formation units information separated by gaps, rotation
speeds of 1800 r.p.m. result in 18,000 information units
merging and sorting steps per minute, and rotation speeds
of 6,000 r.p.m. result in 60,000 information units merging
and sorting steps per minute, each step being comparable
to the collating of one record card. This refers to a bit
density according to the “Ramac” filed with three tracks,
and without the application of variable information unit
length storage. Variations in information unit length have
the following influence as to an increase of speed.

(a) A bit density of 500 bits/inch permits about a mul-
tiple of 3 in speed.

(b) Six tracks comparable to 6 tapes permits about a
multiple of 2 in speed.

(c) Two tracks instead of 3 tracks permits about a mul-
tiple of 0.67 in speed.

(d) A variable information length averaging about 50
columns permits about a multiple of 2 in speed.

(e) Sorting words averaging about 16 columns permits
about a multiple of 6 in speed.

Each of the aforementioned multiples may be multiplied
by another if both applications are used.

This permits corresponding reductions in speed. Fur-
thermore, sorting procedures operating order by order
within a sorting word may be used, as known from
punched card and tape sorting techniques, by making only
one digit selection. If instead of a serial-serial recording
within the tracks, the serial recording is only applied for
the serial recording of digits and if the different digit values
of the code are contained in parallel channels, similiarly
to plural channel tapes, the number of heads 971a to 971j
can be increased, for example, by seven, if seven channels
are used and this results, at a rotation speed of 1800 r.p.m.,
in 126,000 information units merging and sorting steps
per minute, and, at a rotation speed of 6,000 r.p.m., in
420,000 information units merging and sorting steps per
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minute. This would result in another multip{e of 7, but
as higher than the highest present speed requirements, at
least in commercial applications.

(G) Assembly tracks coupled to the main shaft

If lower cost conditions and lower speeds are applicable,
FIG. 57 shows an embodiment in which there may be
a gear coupling 1071 provided with a ratio of 1 to 10 be-
tween the large capacity storage and the merging and
sorting step areas on a disc or drum 1072, The disc or
drum 1072 has tracks 1073a to 1073¢ and tracks 1074a
to 1074c thereon. The processing drum of the computer
operates at, for example, a speed ten times faste_r an.d is
driven by a shaft 1075, whereas the storage 1072 is driven
by a shaft 1076. A motor 1077 drives the shafts 1076
and 1075 through the gear coupling 1071 and a shaft 1078.
The rotation speed of the shaft 1075 may be 3,000, 6,000
or 18,000 r.p.m., respectively, whereas the rotation speed
of the storage 1072 may be 300, 600 or 1,800 r.p.m.

A storage part 1079 of the processing drum of Phe
computer may be in the form of a drum incorporating
signal heads 1081. Storage parts 1082, 1083 and 1084.of
the processing drum of the computer may be operative
on the same shaft under the same rotation conditions in
mechanical coupling, but may be provided with shiftal?le
sensing head equipment 1085, 1086 and 1087 operative
by driving means 1089, 1091 and 1092, respectively, of
known type, for example, a magnetic power drive. The
shiftable sensing head equipment 1085, 1086 and 1087
permits the rearrangement of information units and the
selective retransfer between the different storage parts of
the tracks 1073a to 1073¢ and the tracks 1074a to 1074c,
respectively. The tracks of the storage parts 1082, 1083
and 1084 may be, for example, of such a type that each
may have in it the record or information of one informa-
tion unit positioned in an interlaced manner according to
the application. Thus, for example, 120 characters may
be recorded in each track in parallel to permit by the
shifting of the heads 1085, 1086 and 1087 under controlled
conditions the assembly and reassembly of information
units in accordance with Table X, but with reduced speeds.

If each of the track in the storage parts 1082, 1083
and 1084 is used for the purpose of FIG. 56 and as storage
area for the sector-wise recording of each single informa-
tion unit, the ten-fold speed of the shaft 1075, in mechani-
cal synchronism through the gear coupling 1071 in a
one to ten ratio, permits the application of said tracks in
said storage parts of areas to be used, instead of sta-
tionary buffers, for a free reassembling of information
units according to any collating and sorting scheme, and
the transfer of data to the respectively coupled output
tracks may occur, for example, between the input tracks
1073z to 1073c and the output tracks 10744 to 1074¢ of
each ten information units. A certain play and tolerance
is permissible in the coupling and therefore similar con-
ditions, as described above for the gaps between informa-
tion units following each other, may be applicable to re-
cording in the storage 1072 of FIG. 57.

The merging and sorting steps obtained with this device
are, at a rotation speed of 300 r.p.m. of the storage 1072,
3,000 information units merging and sorting steps per
minute; at a speed of 600 r.p.m. of the storage 1072, 6,000
information units merging and sorting steps per minute,
and at a speed of 1,800 r.p.m. of the storage 1072, 18,000
information units merging and sorting steps per minute.
It is obvious that other speeds may be obtained if instead
of a ratio of 1:10 in the gear coupling 1071 other ratios
are used. Furthermore, two or more heads may be placed
around the circumference, for example, in information
unit distance, on assembly tracks of a disc or drum coupled
through the gear coupling 1071 with the storage 1072.

The entire arrangement of FIGS. 56 and 57 provides
a collating and sorting time shown in detail in the diagram
of Table X in minutes for a number of record cards be-
tween 1,000; 2,000; 5,000; 10,000; 20,000; 50,000 and
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100,000 with a breakdown according to collating and sort-
ing for the different types of information units merging
and sorting steps indicated in FIGS. 56 and 57.

(H) Sorting, collating, selecting and duplicating

The embodiments hereinbefore described are to be
considered as examples of typical use. It is obvious that
the principles of electronic stepwise operations used in
these embodiments is of practical usefulness for all the
purposes which in present day computers are undertaken
with tape operations or with punch card equipment, with
the advantage of direct access to the respective informa-
tion and the freedom from mechanical linkages which re-
sults in higher speeds, less wear, and other advantages. The
following description illustrates some of the possible
modifications of the basic embodiments,

The modifications with reference to alterations in speed
depend mainly on the bit package within a track, on the
speed of rotation, that s, the bit frequency obtainable,
the number of tracks used, and the number of characters
in the information units.

When selecting operations are undertaken, in which
selected items have to be picked up from the main storage
according to input address numbers, then the advantage
of the files, namely, of an access to different tracks, is
additionally evaluated in comparison with tapes, since
the arrangement permits jumping within sequential order
information and permits the picking up between jumps
of all sequential order information units required between
jumps. For this purpose, the sorting according to the
sorting field is useful since it increases the speed of selec-
tion considerably by sequential order selection at least in
groups of such order as to avoid unncessary mechanical
movements. The various modifications are as follows:

(a) Various types of sorting, collating,

duplicating.

(b) Stepwise track switching mechanisms,

(c) Reduction gear between storage and sorting tracks.

(d) Combination of sorting and merging file with low

cost serial drum computer.

(e) Asynchronous input of information units with lim-

ited buffer capacity and rotatably switched heads,

(f) Crosswise tape sorting and collating.

_FIGS. 58 to 62 indicate in a diagrammatic manner the
different forms in which the switching tracks may be
used for sorting, collating and selecting informations.
FIG. 63 shows the duplicating process under exchange of
fields of such information umnit informations between in-
tf_ormation units, master informations and detail informa-
ions.,

FIG. 58 indicates by lines 10984, 10985 and 1098¢
S}lbdivided into information units indicated by vertical
lines, the use of the tracks 968« to 968¢ (FIGS. 55, 56,
57) as assembly tracks, that is, the merging of such in-
formations according to the lowest sorting word under
control of, for example, sorting words 1099z to 1099¢
contained within the information units into one track
1101. This is shown for sorting by collating, but it is
evident that the same equipment may also be used for all
collating tasks in which selected information units from
a number of tracks may, according to a comparison be-
iween certain defined words 10994 to 1099¢, be merged
into one track 1101 under cerfain conditions which are
defined by the comparator; that is, under the control of
equal, higher or lower comparison results, according to
the usual collating tasks.

FIG. 59 illustrates a use of
which the sorting, for example,
1107 into a number of tracks
be used in order to sort, for example, during one run,
only according to one order of a sorting field, for example,
according to sorting order 1109 in the first run, or sort-
ing order 11095 in the second run, or sorting order 1109¢
of the sorting word 1111a, 11114 or 111le in the third
run, and so on. For this purpose, the information units

selecting and

the same equipment in
may occur from one track
11084 to 1108#. This may
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are distributed in different tracks 1108¢ to 1108n accord-
ing to an ascending or descending order within the re-
spective sorting column 1109z during the first run. This
type of sorting is an equivalent of the punched card
sorting procedure. Under low speed conditions, it may
occur through a reduced number of tracks 1108a to
1108n. In the case of the lowest speed, this may be only
a second track, which is used as intermediate storage
for the stepwise advancing of the information.

The selected information unit informations are trans-
ferred from the intermediate storage to the output storage
in the same manner as hereinbefore described with refer-
ence to FIGS. 55, 56, 57. In this case, if not as many
tracks are provided as there are possible digit values with-
in one sorting column, for example, if ten or twelve tracks
are not provided during each run, only a selection of cer-
tain digits is made in such transfers in, for example, an
ascending order. At first, only an information having
“zero” in sorting column 1109z may be selected. In the
next runs “one,” “two,” “three,” respectively, groups of
such numbers may be selected according to other tape
sorting methods.

The avoiding of idle runs by presensing during transfer
may be applied to such methods. The sorting tasks are
then practically the same as in digit-wise sorting in punched
card sorting arrangements. The tracks then replace the
sorting boxes in known manner. The comparator then in-
cludes only one denomination and a counting device is
provided, in order to count down within the sorting field
to the respective order within the sorting field, accord-
ing to which the sorting by distribution is to occur.

The two examples show the two different manners of
handling data in principle, namely as in FIG. 58, the
example of sorting by collating, that is, merging a num-
ber of track informations into one track and, as in FIG.
59, the distribution of track information held in cone track
into a number of tracks according to a comparison and
command results fields 1111z to 1111c. The only differ-
ence in the components of the arrangement, compared
with FIGS. 55, 56, 57, is that the controlled devices are
then not sensing heads with reference to the gating sys-
tem, but recording heads. The recording heads are gated
in such a manner that each of the tracks is always held
by the counter in front of the newest unrecorded field
area, so that the next recording always occurs in such un-
recorded area.

The principle itself is the same as in such cases in which
no recording occurs. The signal heads for recording are
advanced accordingly and if a recording occurs, the sig-
nal head is not advanced in its switch condition and the
respective information unit is recorded in the respective
track, but in the reverse manner of the pick up of such
information unit informations. The assembly tracks must
then be transferred separately to separate output tracks
in order to permit a reversed sorting effect.

The arrangement permits practically all the other oper-
ations of collators having a plurality of input and output
boxes with punched cards, in which certain cards are to
be distributed into different boxes according to the re-
spective perforations and between which a comparison
occurs. An operation of, for example, six box collators
may be applied and utilized in the arrangement.

In FIG. 60, which replaces six box punched card col-
lators, tracks 1117« and 11175 may have recorded therein
the input information units, for example, the master of old
information unit informations may be recorded in the
track 1117z and the new information unit information
may be recorded in the track 1117b.

A comparator may be provided which provides compari-
son results which are lower, equal or higher according to
the usual comparing methods of collators. Information
units in which the comparing fields of the information
unit informations of tracks 1117a and 11175 are equal
may be transferred to tracks 1118¢ and 1118b. This is
according to the track storages for equal sorting words for

(23

10

20

30

<o
<t

40

45

G0

96

master and old punched card informations, which may be
the track 1118a corresponding to the respective track and
the track 11185 for the new information of which corre-
sponding master information with the same sorting word
is stored in the track 1118a. Those informations having
no master information with the same sorting word will
be transferred with respect to the old or master informa-
tion track 1118c and the new information to the track
11184 for all the operations of six box collators. The
collating operation is thus from two input tracks 1117a
and 11176 to four output tracks 1118q¢, 11185, 1118¢
and 11184.

FIG. 61 shows an application in which old or master
information unit informations in a track 1125« are merged
with new informations in a track 11285 in a track 1126a
as long as the comparing field indicates equal conditions.
The old informations in which master informations have
unequal conditions are transferred to a track 11265 and
new informations with unequal conditions are transferred
from the track 1125 to a track 1126c¢. Information units
with unequal conditions are single information units, That
is, the single information unit has a sorting field which is
different in value from the sorting fields of all the other
informations in the storage. Equal conditions are present
if there is at least one master information and one new
information having the same value of the sorting field.

FIG. 62 shows the merging of old or master informa-
tion unit information from a track 1133a and new in-
formations from a track 11334 into two merging tracks
1134a and 11345 under equal or unequal conditions of
the comparison result between new informations and
master informations. The foregoing are only selected
typical uses of such collators or distributors, and the ar-
rangement permits the selecting of such devices by omit-
ting a transfer to the track 1134b in FIG. 62. This results
in the merging of selected information into the track
11344. A broken line indicates the omitting of unequal
information 1135 according to the merged line 1134b.
If such selections are to be made with separations of old
or master informations and new informations, the trans-
fer conditions of FIG. 62 apply, but only with the equal
informations; the unequal informations are not taken
into consideration. That is, in FIG. 60, only the tracks
11182 and 11186 will be utilized in a selective manner,
whereas informations in the tracks 1118¢ and 11184 will
not be transferred. This results in a selective transfer of
old or master informations and corresponding new in-
formations for further uses within the collator.

FIG. 63 illustrates a duplicating process which may
be connected with the processes of merging, distributing
or selecting as hereinbefore described. This process differs
from those described in that the merging and selecting
process does not refer to the whole information unit, but
only to predetermined fields within the information umnit.
In FIG. 63, one information unit 1142 may be recorded
in the master information track 1117a of FIG. 60 and
includes a number of fields A1, A2, A3, A4 and AS which
are indicated by different hatched lines. The track 11175
has recorded therein the new informations, which is in-
formation unit information 1143 and which includes
fields B1, B2, B3, B4 and BS.

The required operation for a transfer to the tracks
1118c and 11186 is that whenever ficlds A2 and B2
bave equal values or magnitudes, the field B4 in the new
information will not be used directly, but will be omitted.
In place of the field B4, the field A4 from the information
unit 1142 will be merged with the information in the
same merging manner as hereinbefore described. In this
case, however, the merging does not occur at the end of
information unit length signals, but for each end of
field signal under the control of the respective program
count.

This permits freedom in the arrangement of informa-
tions within the information units due to the counting
and programming of the respective fields within the in-
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formation unit and permits the omitting or inserting of
informations in a merging manner in the same manner
from two tracks as from three tracks, as hereinbefore de-
scribed, for the merging of informations one after the
other as soon as the information unit length signal ap-
pears. The follow up of the next word, as soon as the
respective programmed and controlled counted “end of
word” signal appears, then permits the follow up in the
merged information tracks. All the possibilities, advan-
tages and flexibilities of changing sequences within in-
formation units, selecting and transferring such informa-
tions and distributing such informations, are evident ac-
cording to the advantages of collating and selecting neces-
sary informations. On the other hand, the duplicating
in merging or omitting of information permits the han-
dling of all problems of duplicating from master or old
informations into new informations under program con-
trol from the one into the other information within the
information units themselves. These flexible controls are
useful and economical in variable word length opera-
tions on drums,

(I} Crosswise tape sorting and collating

In FIG. 64, information is transferred between tapes
1149q and 11495 through sensing and recording leads
mounted on platforms 1151 and 1152 of substantially
disc-like configuration, The platforms 1151 and 1152 may
cooperate with a main shaft 1152 in an arrangement
simifar to that of FIG. 55. A motor 1154 (the motor 897
in FIG. 55) may drive both platforms 1151 and 1152
through the shaft 1153 (the shaft 898 in FIG. 55) and
a gear coupling 1155 for the purpose of sensing and
recording. A main storage 1156 (the main storage 896, in
FIG. 55) or storage means may be provided to permit
full cooperation for any possible transfers between tracks
in the main storage and tracks on tapes 11494, 11495,
etc, If the tapes are under stepwise control and are of
suitable type, they may be used for sorting and merging
purposes. The tapes may also be used as input and output
means for the entire arrangement under selective control
through a selected search track.

Generally speaking, the entire arrangement may be
considered as a flexible unit of storage means permitting
asynchronous and synchronous transfers for any given
task for input, output, merging, sorting, selecting, and the
like, and combining all the advantages of files with the
advantages of magnetic tapes.

(J) Selective sensing and transfer from assembly tracks

FIG. 65 is a block diagram of an embodiment of an
arrangement for the switching of the signal heads in se-
quential order under control of the counter 10194 of
FIG. 55, The switching arrangement is such that each
of the outputs 1163z to 1163 of the counter 1019a each
controls two AND gates comprising one of AND gates
1164a to 1164 and one of AND gates 11654 to 1165j,
respectively, of which only seven of such pairs of AND
gates 11645 to 1164h and 11654 to 1165f and 1165 are
shown in FIG. 65.

The signal heads 971a to 971j are the signal heads
of FIGS. 55 and 56, displaced from each other sector-
wise and arranged around the track 968« (FIGS. 55 and
56) to permit the assembling of data in the form of in-
formation units recorded in a plurality of tracks, for
example, into one merging track, in order to permit sort-
ing and merging of information in the form of informa-
tion units during the rotation of the storage without step-
wise operation.

FIG. 65 for example, shows that the output 11635
operative under the second counting step conditions of the
counter 1019z controls the inputs of two AND gates
11645 and 116556 for the control of heads 971j and 9715.
The output 1163c¢ for the counting step conditions of the
third counting step of the counter 1019a controls the
AND gates 1164¢ and 1165c, each being operative to per-

[

10

15

20

25

30

40

50

60

65

70

98

mit a selective transfer of an information unit informa-
tion from the signal heads 971c and 971a. The fourth
counting condition of the counter 10194 is operative
through the output 1163d in order to control, through
AND gates 11644 and 11654, the transfer of information
unit information from the signal heads 9714 and 9715.

The transfer of information from the signal heads of
which the first one of a pair of signal heads is operative
at each counting step by two sectors advanced to the
right-hand side (if the storage rotates against the signal
heads in the direction of the arrow 1018) against the sec-
ond one of a pair of signal heads. The first one of the pair
of signal heads is effective to supply pulses to a main
line 1166 which transforms selectively the preceding in-
formation units information under the control of AND
gate 1167 to the comparator 994 two sectors earlier. This
permits the storing of that part of the information unit in-
formation selected from the preceding information unit
information under field counting conditions which con-
tains the sorting field and the address word, controlled
by end of field signals, to control the merging effect for
the following information unit.

On the other hand, the information from such signal
heads which have the same index mumber as the respective
counting stage 11634 to 1163; is transferred through the
respective one of the AND gates 1165« to 1165} to the
main line 1168 to transfer selectively this information unit
information under the control of the AND gate 1021q
(FIG. 55) to the OR gate 1032 in order to effect the re-
cording of the respective information units with a merging
effect of sequential order in the respective tracks of the
discs 964, 965 and 966 of FIG. 55.

The counter 1019z of FIG. 65 may be advanced each
time by one counting step as long as the flip flop 996 of
FIG. 55 is in reset condition, that is, if the AND gate
1022q is conductive. Therefore, the pairs of heads 971j
and 9716, and 971a and 971c, respectively, are each ad-
vanced by one sector during the rotation of the drum with
respect to their switching condition since the counter
10192 may be advanced by the sector pulses sensed by the
signal head 974 of FIG. 55. As shown in FIG. 65, the ad-
vancing is always effective for two signal heads as a pair.

The right signal head of the pair transfers one informa-
tion unit information to the comparing circuitry of the
comparator 994 two sectors ahead of the information unit
transfer for the purpose of merging, The AND gates 1167
and 1021q are only conductive if the flip flop 996 is in set
condition, since these AND gates are connected with the
set output of the flip flop 996. If the flip flop 996 is not
set, no information sensed by the signal heads 971a to
971j and supplied to the main lines 1166 and 1168 cam
pass the AND gates 1167 and 1021a. The switching con-
dition of the signal head will advance sector-wise since the
AND gate 10224 is connected with the reset output of the
flip flop 996 and controls the supply of sector pulses
sensed by the signal head 974 through the lead 975, delay
means 1171 and line 1172 to the input 1173 of the control
counter 1019a.

Therefore, the sensing of information units always oc-
curs with the front end before the information unit, which
may be transferred selectively as the next one of the track
if it contains in the respective field the lowest sorting field.

If, on the other hand, the flip flop 996 is set, the con-
dition of said flip flop effects the transfer of the informa-
tion unit information from the right one of the operative
pair of signal heads through the main line 1166 and
through the AND pate 1167 to the comparator 994 and
from the left one of the operative pair of heads through
the main line 1168 and through the AND gate 1021¢ and
the OR gate 1032 to the recording heads 999 and 1002, re-
spectively, in sequential order or merged information
tracks on the discs 964, 965 and 966, respectively. At such
time, the AND gate 10224 is non-conductive, so that the
counter 10194 is not advanced during;this sector time
period and each head of the operative pair of signal heads
is then in front of the next following pair of information
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units to permit, if necessary, the selective transfer of the
information of the next such information unit.

Each of the tracks 968a to 968¢ has its own system
for stopwise advancing of the signal heads under the
control of the counters 1619z to 1019¢ to permit an in-
dependent operation and free merging operation from
said tracks. FIG. 65 illustrates only the operation in the
track 968a, but the means for the other tracks are com-
parable. The flip flop 996 establishes for the track 968a,
together with the AND gates 10224, 1167 and 1021a, in
cooperation with the counter 10194, and its AND gate
system, an electronic stepping switch arrangement which
permits results comparable to those obtained by a step-
wise mechanical movement of tape information, but with-
out the delaying difficulties of such stepwise movements.
Since the whole operation takes place during the full rota-
tion of a record, it permits higher speeds due to the elec-
tronic switching equipment. The heads in front of the
information are switched then switched back to the next
following information as soon as such information has
been transferred. The heads remain in front of the next
following information until it is picked up in a controlled
manner at a later time. The operation may take place di-
rectly within the file system to combine systems. The ad-
vantages of the hereinbefore described switching opera-
tion are sequential operation on tapes with random access
in files to groups or singles of such information without
expensive core buffer storages.

(K) Assembly track loading

Since the selectively controlled transfer of information
unit information for the purpose of assembling occurs
with the information unit running lengthwise, it is appro-
priate to use the same set of assembly tracks for the sens-
ing as for the recording (loading) and to use instead of
two sets each having three tracks 968a to 968c and 969«
to 969c (see FIG. 55) only one set of tracks 968« to 968¢
to permit assembling. If this provision has to be taken into
account, then embodiment of FIG. 65 may be supple-
mented by the embodiment of FIG. 66.

The principle of loading information unit informations
into the assembly tracks has to take into account that the
loading should be effected, if possible, by only one sens-
ing head at the input side and one at the loading side.
The continuous loading of assembly tracks which is pro-
posed for this embodiment includes two different forms
of loading; the first loading of information units on the
three assembly tracks during the initial rotation, and the
supplementary continuous loading after the initial load-
ing, replacing rotation by rotation those information units
which have been selectively picked-up during such ro-
tation.

For the purpose of simplification of the description the
loading of the assembly tracks 968a to 968c and 969a to
969¢ has been described in the embodiment of FIG. 55
as an alternating loading and selective picking up proc-
ess of two groups of assembly tracks 968a to 968c and
969z to 969¢ of which the one set is loaded when the
other set is selectively sensed.

The principle of loading of the arrangement of FIG.,
66 replaces information units which have been selec-
tively picked up, rotation by rotation, directly within
three assembly tracks 968z to 968c.

The counters first count the places of the sorting disc
which are empty because their informations have been
transferred.

The input gates are controlled from the discs 961,
962 and 963 (FIG. 55) to permit new informations to be
fed in.

When places are empty, the triggers are set so that the
sum of all the triggers which are set indicates the in-
formation units available.

In order to permit a continuous operation, each of the
tracks 968 to 968c, including the track 9682, may under
starting conditions be filled with ten information units
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during its first rotation after the starting switch is actu-
ated. Each of the tracks receives, independently from
the others, rotation by rotation, a series of successive in-
formation units replacing the information units which
have been picked up under the selective independent con-
trol of the flip-flops 996, 997 and 998, respectively, as
described hereinbefore.

The operation of the arrangement may be instituted
by actuation of a start switch 1179 which supplies a start-
ing pulse through differentiating means 1181 and a lead
1182 to the set input of a flip-flop 1183.

The operation may be terminated by actuation of an
“end” switch 1184 which supplies a terminating pulse
through differentiating means 1185 and a lead 1186 to
the reset input of the flip-flop 1183, to the reset inputs of
flip-flops 1187 and 1188, through an OR gate 1189 to
the reset input of flip-flop 1191, through an OR gate 1192
to the reset input of flip-flop 1193 and through an OR
gate 1194 to the reset input of flip-flop 1195, At the
termination of the operation, all the respective control
means of the equipment are prepared in “ready for a
new start” condition. The flip-flops 1183 and 1191 are
reset by the terminating pulse as described hereinbefore
and the flip-flops 996 and 1196 are automatically reset
by the sector pulses from the signal head 974 through
the lead 975. Therefore, after a start through the start
switch 1179 the operation occurs under start and reset
conditions for the entire arangement.

As soon as, in dependence on the start of the operation
through the start switch 1179, the start pulse is supplied
through the differentiating means 1181 to set the flip-
flop 1183, the set output of said flip-flop prepares an
AND gate 1197 through a lead 1198 to permit the con-
duction of the end of drum pulse supplied to the AND
gate 1197 through a lead 1199. The end of drum pulse
may be generated by a pulse recorded in a track, for ex-
ample a pulse picked up by a signal head 1201, It is ob-
vious that other pulse generating means indicating the
end (zero line) of drum at the drum rotation may also
be used. Other pulse generating means may comprise,
for example, a permanent magnet which may be held in
a slot and may be in the position of the pulse sensed and
picked up by the signal head 1201, or an optical pulse,
or an electromechanical arrangement generating such
pulses.

The starting pulse through the start switch 1179 enters
the set input of the flip-flop 1183, as described herein-
before, through the differentiating means 1181, The AND
gate 1197 will be prepared through the lead 1198 which
is connected to the set output of the flip-flop 1183. The
next following one of the “end of drum” pulses delivered
through the lead 1199 is therefore conducted to the set
input of the flip-flop 1191 through the AND gate 1197,
AND gate 1202 and delay means 1203, The setting of
tlhzi) Gﬂip-ﬂop 1191 prepares AND gates 1204, 1205 and

The AND gate 1204 controls the transfer of informa-
tion unit informations from the sensing heads on the
input discs which feed their pulses through a terminal
1207. The pulses enter the AND gate 1204 through a
lead 1208 and effect a recording under the control of the
AND gate 1204 through a lead 1209 by a recording head
1211 on the track 9684, for filling the information unit
informations for loading the assembly tracks starting with
the “end of the drum” rotation signal and operative for
the following information units in succession.

One each of flip-flops 1183, 1191, 1187, 1188 and
1212 is provided since the flip-flops are provided for gen-
eral start condition, whereas the counters 1213 and 1214
and the flip-flops 1193, 1195 and 1196 are provided for
each of the tracks 9684 to 968c.

Since the conductivity of the AND gate 1204 is simul-
taneously controlled by the outputs of the flip-flop 1191,
so is the conductivity of the AND gate 1205, Sector
pulses sensed by the signal head 974 are fed through a
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lead 975, the AND gate 1205, differentiating means 1215
and a lead 1216 to the positive input 1217 of the counter
1213 under the control of an AND gate 1218. Therefore,
sector pulses are supplied, one for each information unit,
to the counter 1213, advancing said counter stepwise until
said counter, with a counting capacity of “ten,” delivers
through its carry output 1219 and differentiating means
1221 a pulse to the reset input of the flip-flop 1191
through a lead 1222. The pulse from the output 1219
through the differentiating means 1221 is also supplied
through a lead 1223 and a delay 1224 to the set input
of the flip-flop 1187.

The flip-flop 1191 will be reset therefore after ten in-
formation units have been loaded from the input 1207
through the recording head 1211 onto the track 968g, since
the condition of filling the capacity of ten of the counter
1213 occurs after one full rotation according to the ten
information units recorded in this example in one assem-
bly track. The flip-flop 1187 controls, after the first filling
of ten information units into the assembly track 968a, the
start of the picking-up, comparing and control opera-
tions. The flip-flop 1187 remains in its set condition until
it is reset upon depression of the termination or end switch
1184 which terminates all the operatioms, since the pulse
initiated by the switch 1184 is supplied through the dif-
ferentiating means 1185 to the reset input of the flip-flop
1187.

The selective sensing of information units from the as-
sembly tracks occurs after two information units have
been presensed. The presensing results in a transfer of the
selected sorting word into the comparing register for this
track and during the next following sector time period a
comparison takes place in order to state which one of
the respective information units has the lowest (or high-
est) sorting word in dependence upon whether the sorting
is to take place according to an ascending or descending
sequence. Therefore, after the pulse start, it is necessary
that during the next following two sector time periods only
the control and comparator unit will be prepared and the
start of the whole operation of the selective transfer and
pick-up of information units starts with the beginning of
the third sector time. For this purpose, the flip-flops 1188
and 1212 are controlled by an AND gate 1225 and output
“8” of the counter 1213, as hereinafter described.

The resetting of the flip-flop 1191 causes the AND gates
1204 and 1205 to become non-conductive so that no in-
formation units are transferred from the input 1207 to the
record head 1211 and no sector pulses are supplied from
the sector head 974 to the input 1217 of the counter 1213.
The counter 1213 therefore remains in its tenth counting
stage. The tenth counting stage output controls through
a lead 1226 and inverter 1227, the AND gate 1202 in the
input line of the set input of the flip-flop 1191. The “end
of drum” pulses generated by the signal head 1201 enter
the set input of the flip-flop 1191 during the conductivity
of the AND gate 1197 at each “end of drum” rotation
through the AND gate 1202 and the delay means 1203.
The “end of drum” pulses cannot enter the set input of
the flip-flop 1191 during the next following rotation and
no information units will be recorded at a transfer from
the input 1207 to the signal head 1211 and no sector
pulses will enter the counter 1213 through the lead 1217
of said counter.

During the first rotation, special provisions are made in
order to permit the transfer of data of the information
referring to the sorting word into the control unit and into
the register for the purpose of comparing two sectors
ahead of the end of the first rotation of the drum. As de-
scribed with relation to FIG. 65, the sensing of informa-
tion unit informations for the purpose of transferring
sorting words into the comparator unit occurs two sectors
ahead of the information time period in which this infor-
mation unit is to be transferred in order to permit one
sector period for the picking up of the information and
another sector period for the comparing.
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In order to start with the picking-up under selective con-
ditions from the first start of a new rotation, the flip-flops
1188 and 1212 are provided to permit a transfer of signals
from the main line 1166 of FIG. 65 to the comparator
control unit 994 of FIG. 67. The flip-flop 1212 is set upon
the closing of the start switch 1179 by a pulse through the
differentiating means 1181 and through a lead 1227. The
reset pulse for the flip-flop 1212 is supplied by the first
reset of the flip-flop 1191 after the closing of the start-
switch 1179; that is, after the end of the first rotation, as
hereinbefore described, through a line 1228 connected
through differentiating means 1229 with the reset output
of the flip-flop 1191.

The AND gate 1225 is under double control for conduc-
tivity. It is connected through a lead 1231 with the set out-
put of the flip-flop 1212 and through a lead 1232 with
the set output of the flip-flop 1191. The AND gate 1225
is therefore only conductive during the period of the first
complete rotation after the closing of the start switch
1179. As soon as the counter 1213 reaches the end of
counting stage “8,” and supplies a carry signal at the
transfer of counting stage end “8 to 9,” the pulse is
suplied through differentiating means 1233 and lead 1234
through the AND gate 1225 during its conductive period
to the set input of the flip-flop 1188, The flip-flop 1188 is
reset by the next terminating pulse supplied through the
differentiating means 1185 and the lead 1186 to the reset
input of the flip-flop 1188.

The set output of the flip-flop 1188 controls, through
lead 1235, a by-passing AND gate 1236 switched parallel
to the normal AND gate 1167 to permit a transfer of
pulses during the time periods of sectors “8” and “9” as
hereinbefore described from the main line 1166 (FIG.
65) through an OR gate 1237 to the comparator control
unit 994 (see FIGS. 55 and €7), in order to supply the
sorting word information at a time which is two sectors
ahead of the termination of the first rotation. After the
completion of the first rotation, the entire operation of
picking-up information selectively is started, as herein-
before described, by the setting of the flip-flop 1187
which occurs through the lead 1223 and the delay means
1224 after the counter 1213 has reached its tenth count-
ing stage and after a pulse has been suplied through the
differentiating means 1221.

The set output of the flip-flop 1187 provides another
condition for an AND gate 12384 through a lead 1239
to permit the passage of sector pulses through a lead 1241
as hereinafter described with reference to FIG. 67. There-
fore, the information unit then following in track 968a
may be picked up with the means of FIG. 65; the pick-up
occurring under the control of the AND gate 12384 (see
FIGS. 65 and 67). The additional control of the AND
gate 12384 through a lead 1242 and an OR gate 1243
and inverter 1244 from the zero output of the counter
1213 normally does not prevent such passage of pulses,
since the inverted condition of the inverter 1244 from
the zero output of the counter 1213 is only a precaution
condition which may occur only under exceptional con-
ditions which do not prevail after this rotation, since the
counter 1213 is then at the opposite counting stage “ten.”

At the time instant in which the “end of drum” pulse
of the first rotation arrives, the AND gate 1202 is non-
conductive since the counter 1213 is in its tenth stage
after the first rotation, thereby preventing the conductivity
of the AND gate 1202 through the inverter 1227. As here-
inbefore described, the next “end of drum” pulse after
the second rotation sets the flip-flop 1191 again, if the
counter 1213 is no longer in its tenth stage.

(L) Sorting timetable

Table VII shows a sectorwise movement of the infor-
mation units from the right-hand side to the left-hand
side. The time is indicated in standard information units
or sector lengths. In sector time 0 the information units
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informations are arranged from the first to the tenth in-
formation unit sectorwise from left to right.

* Transfers information unit if comparator indicates that
it should be transferred.

** In standard information unit or sector lengths.

O Transferred.

-+ Recorded.

— Picked up.

In sector time 1 (first sector time in the first merging
rotation), information unit “1” has passed below signal
head 1 without having been picked up. Therefore, the
star, which indicates the prepared switched-on position
of signal heads, has been advanced by one column to the
left to signal head II.

In sector time 2, information unit “1” has passed below
signal head II and has been picked up, which is indicated
by a circuit around sector time period 2 and information
unit information “1” in the row of this sector time. There-
fore, the star, indicating the prepared switched-on posi-
tion of signal heads, has not been advanced by one col-
umn to the left, but signal head II remained switched-on.

In sector time 3, information unit “2” has passed below
signal head II and has been picked up, indicated by a
circle around sector time period 3 and information unit
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umn to the left, but signal head III remained switched on,
and so on.

As indicated in column A, information unit informa-
tion “1” is picked up in sector time 2, information unit
information “2” is picked up in sector time 3, informa-
tion unit information “3” is picked up in sector 5, infor-
mation unit information “4” is picked up in sector time
6, and so on,

Six information unit informations are picked up be-
fore the end of the first merging rotation, At the end of
the first merging rotation, therefore, as indicated in col-
umns E and F, from the beginning, 10 information units
have been loaded and 6 information units have been
picked up, There are four information units ready to be
picked up, according to column D.

The loading process starts during the second merging
rotation, since the counter 1213 (FIG. 66) is not in its
tenth counting step condition when the “end of drum”
signal is generated in the signal head 1201 (FIG. 66).
The loading of information unit informations is indi-
cated by rectangles around information unit informations
“11-20,” replacing the picked-up information units “1-
10” of which information units “1-6" have been picked
up during the first merging rotation and ‘7-10” during the
second merging operation. Five information unit infor-

TABLE VIL.—SORTING TIMETABLE
[Information Passing Beneath Signal Heads}

Time ** X IX VII VII VI v IV I II I A B CD E F
L. 1 2 3 4 5 6 7 8 4 10 ... + -
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information “3” in the row of this sector time. Therefore, mations are picked up before the end of the second merg-
the star, indicating the prepared switched-on position of ing rotation. At the end of the second merging operation,
signal heads, has not been advanced by one column to therefore, as indicated in columns E and F, from the be-
the left, but signal head II remained switched-on. ginning, 20 information units have been loaded and 11
In sector time 4 (fourth sector time in the first merg- information units have been picked up. There are nine
ing rotation), information unit “3” has passed below sig- 63 information units ready to be picked up, according to
nal head 1I without having been picked up. Therefore, column D.
the star, indicating the prepared switched-on position of In the third merging rotation, the loading will be inter-
signal heads, has been advanced by one column to the rupted after sector time period 21, since the counter 1213
left to signal head III. has reached its tenth counting step condition, indicating
In sector time 5, information unit “3” has passed below 70 that the whole track has not yet picked up available in-
signal head III and has been picked up, which is indicated formation units and must not be loaded further. This is
by a circle around sector time period 5 and information achieved by a carry pulse of the counter 1213 through
unit information “3” in the row of this sector time. There- the differentiating means 1221 to the reset input of the
fore, the star, indicating the prepared switched-on posi- flip-flop 1191 as hereinbefore described.
tion of signal heads, has not been advanced by one col- 73 Eighteen information unit informations aer picked up
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before the end of the third merging rotation. AT the end
of the third merging operation, therefore, as indicated
in columns E and F from the beginning, 21 information
units have been loaded and 18 information units have
been picked up. There are three information units ready
to be picked up, according to column D.

Twenty-three information unit informations are picked
up before the end of the fourth merging rotation. At
the end of the fourth merging operation, therefore, as
indicated in columns E and F, from the beginning, 30
information units have been loaded and 23 information
units have been picked up. There are seven information
units ready to be picked up, according to column D.

Columns B (loading) and C (picking-up) indicate,
for each sector time period 1 to 40 by (4) in column
B, a loading effect (resulting in a (4) pulse at the
adding input lead 1217 of the counter 1213 of FIG. 66),
by (—) in column C, a picking-up effect (resulting in
a (—) pulse at the substracting input 1245 of the counter
1213 of FIG. 66), and by (O) if it is indicated that
neither a loading nor a picking up of an information unit
occurred. For a sector time period in which a ()
and (~) sign in column B and C occurs, the conditions
of non-conductivity of the AND gates 1218 and 1246
under the control of the condition of the flip-flop 1196
are effective as hereinbefore described. This repeats the
merging, rotation by rotation, until the whole process is
termniated after completion of the sorting process.

Table VII indicates that its conditions are met by the
arrangements of FIGS. 65 and 66. In the fourth merging
rotation, one condition occurred for which the flip-flops
1193 and 1195, the counter 1214 (FIG. 66) and coordi-
nated means are provided.

In the third merging rotation, the reloading effect had
to be interrupted after one sector loading time (after
sector time period 21) contrary to the second merging
rotation, since the counter 1213 (FIG. 66) had indicated
that the track was filled by ten not yet picked-up informa-
tion units. Otherwise, the following information units
“22-30" would have been recorded in areas in which
information units were stored, which were still to be
picked-up before.

This results in the following fourth merging rotation,
due to the necessity of starting then with the filling in of
information unit information “22,” but in the second
sector time period 32 of the fourth merging rotation,
in continuation of the filling in of information unit in-
formation “21” in the first sector time period 31 of the
third merging rotation, For this purpose, the counter 1214,
under the control of the flip-flops 1193 and 1195 and AND
gates 1247 and 1248, is provided in FIG. 66.

The counter 1214 may be advanced by sector pulses
generated at the signal head 974 and supplied to the AND
gates 1247 and 1248 through the lead 975. The AND
gates 1247 and 1248 are themselves controlled by the
flip flops 1193 and 1195. The ten’s carry pulse supplied
from the output of the counter 1213 through the differ-
entiating means 1221 to the lead 1222 enters the set input
of the flip flop 1195 through a lead 1251, for example,
according to Table VII after the first sector time period
21 of the third merging rotation. The AND gate 1248 will
therefore be conductive after the setting of the flip flop
1195 for the complementary nine sector time periods 22—
30 of the third rotation, since the flip flop 1195 will be
reset by the “end of drum” pulse through the lead 1252.
Nine sector pulses therefore enter the ten counting steps
capacity counter 1214 during the third merging rotation.
The resetting of the flip flop 1195 effects the setting of
the flip flop 1193 by a pulse through differentiating means

1253 and lead 1254 at the beginning of the next follow- |

ing rotation after the setting of the flip flop 1195 at the
beginning of the fourth merging rotation.

From this instant until the resetting of the flip flop
1191 by a ten’s carry pulse, the counter 1214 will be ad-
vanced by sector pulses through the AND gate 1247, con-
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trolled by the set output of the flip flop 1193. During the
setting of the flip flop 1193, the AND gate 1204, which
controls the loading transfer of information unit informa-
tions from the input 1207 to the recording head 1211
above the track 968a, and the AND gate 1205, which
controls the supply of sector pulses from the signal head
974 to the adding input 1217 of the counter 1213 for the
time period of loading, are non-conductive. As shown in
Table VII, this has the effect that the loading, which
was interrupted after the loading of information unit
information “21” during the first sector time period of
the third merging rotation, will be continued starting with
information unit “22” during the second sector time period
of the fourth merging rotation.

The set output of the flip flop 996 is differentiated by
the differentiator 1042 and controls the AND gate 1246
through a delay 1169 and line 1249. Simultaneously, the
flip flop 1196 is set if the flip flop is in set condition.
This is accomplished by the AND gate 1206.

(M) Control unit for recording and sensing of
sorting words

FIGS. 67a, 67b and 67c, referred to as FIG. 67, are
a schematic block diagram of an embodiment of a three
channel comparator of FIG. 55 with associated control
circuitry,

The control unit or comparator 994 of FIG. 55 includes
for each track the register devices 994a to 994c¢ for the
sorting word of the presensed information units (FIG.
65) including the control for recording on and sensing
from said registers. The register devices 9945 and 994c
(not shown in FIG. 67) are similar to the register de-
vice 994¢ and function in a similar manner.

The control unit 994 includes the comparator and buffer
arrangement 994d which prepares the selective setting
of the flip flop 996, 997 or 998 (FIG. 55).

The control unit 994 includes an arrangement 994¢
for varying the group lengths of information units upon
sorting by groupwise collating.

In order to permit an independent operation between
the sensing or picking-up of sorting words and their use
within the comparator unit, the embodiment described is
effective two information units ahead with respect to the
presensing line 1166 of FIG. 65. Therefore, two word
registers 1261z and 12624 are provided for alternating op-
eration, that is, in a sector period in which a sorting word
of a first information unit is recorded in the sorting word
register 1261a. The register 1262¢ may use the sorting
word of the second information unit for the introduction
into the comparator and control arrangement 994d, in
order to prepare for the track 968a by setting, for exam-
ple, a flip-flop 12634 (FIGS. 65 and 66) and for possible
transfer of this information unit within the following sec-
tor period by then setting the flip-flop 996.

Information unit informations passing from main line
1166 through the AND pgate 1167 under control of the
flip- flop 996 as hereinbefore described (FIG. 65) enter
that parts 9944 of the control unit 994 which includes the
pair of sorting word registers 1261a and 1262z through a
lead 1264. Since both registers 1261a and 12624 operate
under alternating conditions for recording and sensing, a
flip-flop 1265 is provided to control the alternating op-
eration of the shorting word registers. If the flip-flop 1265
is in reset condition at the start of operation, the register
1261a is operative to receive the new sorting word, and
the register 1262« is operative to transfer the old sorting
word into the comparator and control unit 9944. The
reset output of the flip flop 1265 is therefore connected
through a lead 1266 to an AND gate 1267 and through a
lead 1268 to an AND gate 1269, thereby providing one
condition for their conductivity. If the flip flop 1265 is
set, the recording and sensing conditions of the registers
12612 and 12624 are reversed, since the set output of the
flip-flop 1265 is connected correspondingly through a lead
1271 to an AND gate 1272 and through a lead 1273 to an
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AND gate 1274. A flip flop 1275 controls the time-period
of the conductivity of the AND gates 1267 and 1274 in
order to pick up only the sorting word from the informa-
tion unit information. A flip flop 1276 supplies the other
conditions of the AND gates 1269 and 1272 for the
control of the reading of the sorting word registers
1261q and 1262a.

At the termination of the entire preceding process, for
example, by closing the termination or end switch 1184 of
FIG. 66 a pulse is supplied through the differentiating
means 1185 and the line 1186 (FIGS. 66 and 67) through
an OR gate 1277 to the rest input of the flip flop 1265. At
the start of the following operation, the flip flop 1265 is
therefore in reset condition and the AND gate 1267 will
be made conductive to conduct the signals for the sorting
field information to the left-hand sorting word register
1261a. The pulses representing the information unit in-
formation presensed two sectors ahead as hereinbefore
described enter the left input 1278 of the register 1261a
from the main line 1166 (FIG. 65) through the AND
gate 1167 and the lead 1264 under the control of the AND
gate 1267. The sorting word register 1261a may be of
any known register design.

A character rate pulse generator 1279 is provided to
generate driving pulses for driving means in dependence
on the information signals through the AND gate 1267
during the time said AND gate is conductive. The driving
pulses for driving means 12814 are for the digital prep-
aration of the various orders of the sorting word register
1261a. Signal detecting means 1282 is provided to select
within the information unit information the signals for the
sorting field “word end.” The signal detecting means 1282
is connected to the lead 1264 and supplies “word end”
indicating signals to the left input 1283 of the field counter

1284. The counting capacity of the field counter 1284 @

may be adjusted to the sequence number of the sorting
field within the respective information units, for example,
the fifth sorting field.

As hereinbefore described, the lead 1264 receives under
the control of the AND gate 1167 information unit in-
formations and such informations are subdivided into
fields by “end of field” (end of word) signals. The sorting
field is therefore a selectable field, and in order to sim-
plify the equipment, the pulses which enter the field
counter 1284 via the lead 1283 are only such pulses which
indicate the “end of field.” If the counting capacity of
the field counter 1284 is adjusted correspondingly, or if a
respective pulse as a prefilled digit value is supplied at
each commencement of counter operation, the counter
1284 will supply a carry pulse at its output 1285, The
carry pulse from the field counter 1284 is fed to the set
input of the flip-flop 1275 through delay means 1286. The
adjustment means for the capacity of the field counter
1284 are indicated in FIG. 67 by a manually settable con-

tact 1287 which is set to the respective input of a counting 5

stage to correspondingly connect the counter. Instead of
being manual, the setting may be effected in any known
manner, to correspondingly connect the counting capacity
of a counter, for example, by initially adding a filler digit
to the counter before the counting of pulses entering at the
input lead 1283 begins. With the illustrated arrangement,
the only commands which are to be given from the pro-
gramming set refer to the sorting field number, adjusted
by means of the field counter 1284 and to ascending or
decending order adjusted at a switch 1288 of the com-
parator of FIG. 67. The pulse from the end of word gen-
erator 1282 advances the field counter 1284 correspond-
ingly and the carry pulse delivered at the output 1285 is
delayed by delay means 1286 as hereinbefore described,
so that the reset pulse, entering the flip-flop 1275 at each
detected “end of word™ pulse, arrives at said flip-flop when
it is in its reset condition before the set condition is in-
stituted. The flip-flop 1275 therefore remains in set cen-
dition for the period of the passing of the sorting word
since the reset of said flip flop occurs only with the “end
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of word” signal provided by the signal generator 1282
after the sorting word has passed. The setting of the flip
flop 1275 supplies the second required condition to the
AND gate 1267 through a lead 1289 and to the AND gate
1274 through a lead 1291, The respective one of the AND
gates 1267 and 1274 which was prepared by the reset or
set condition of the flip flop 1265 will thus be conductive
only for the period of the passing of the sorting field
within the respective information unit information sup-
plied through the lead 1264.

The character representing signals passing through the
AND gate 1267 or the AND gate 1274 enter OR gates
1292 and 1293, respectively, through the character pulse
generators 1279 and 1294, respectively. The character
pulse generators 1279 and 1294 supply pulses in depend-
ence on the occurrence of each completion of a character
pulse sequence. The pulses from the pulse generators 1279
and 1294 are used to drive the driving means 1281a and
1295q for the recording of informations in the registers
12614 and 1262a. The OR gates 1292 and 1293 control
the driving means 1281g and 1295q independently under
alternating conditions for the purpose of sensing.

The informations stored in the word registers 1261a
and 1262« may be picked up and transmitted to a com-
parator 1323 so that sensing is effected through sensing
lines 1296 and 1297 under the alternating condition of the
flip flop 1265 controlling the recording AND gates 1267
and 1274 and the sensing AND gates 1272 and 1269 in a
reversed manner. The AND gates 1272 and 1269 for sens-
ing are operative similarly to the AND gates 1267 and
1274 and are also subject to a second condition as to the
time selection in which their operation occurs. These time
conditions occur under the control of the flip-flop 1276.
The set output of the flip-flop 1276 is connected for this
purpose through a lead 1298 to the AND gate 1272 and
through a lead 1298 to the AND gate 1272 and through
a lead 1299 to the AND gate 1269.

The flip-flops 1265 and 1276 also control the sensing
of AND gates 1301 and 1302 because said AND gates
are connected through the lead 1298 to the set output of
the flip-flop 1276 and through the lead 1271 and the lead
1268, respectively, to the set and reset outputs, respec-
tively, of the flip-flop 1265. The AND gates 1301 and
1302 are therefore operative together with the coordinated
AND gate for the control of the sensing AND gates 1272
and 1269 for the same period and for the same set of
registers of the register 1261a or 1262a.

The AND gates 1301 and 1302 permit the passing of
character pulses picked up from the main line 1161 be-
fore the signals enter the AND gate 1167. The character
pulses are fed through a lead 1303 to a character rate pulse
generator 1304 which supplies, in dependence on the sup-
plied character pulses, the driving pulses through a lead
1305 to enter the OR gate 1292 or the OR gate 1293
through the AND gate 1301 or the AND gate 1302, re-
spectively, within the period in which sensing is to occur.
In accordance with which one of the registers 1261a or
1262q is operative for sensing under the control of the
flip-flop 1265, driving pulses are supplied to the driving
means 1281a and 12954, respectively, to generate, accord-
ing to the recording conditions within the storage reg-
isters 1261a or 12624, and produce pulses at the sensing
leads 1296 and 1297, respectively, to enter a common
supply line 1306 either through the AND gate 1272 or the
AND gate 1269 to transfer the digits of the stored com-
paring words at the right time instants to the comparator
and control device 9944.

The setting of the flip-flop 1276, which effects the start
of the sensing by advancing the driving means 1281a
and 1295a, respectively, under the control of the char-
acter pulses from the character pulse generator 1304, as
hereinbefore described, is effected through a lead 1307
at the time instant that a three siep program counter 1308
reaches the first stage 13094 and the second stage 13095,
respectively, as hereinafter described. The character pulses
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are supplied through differentiating means 1311 and 1312
through an OR gate 1313 into the lead 1307 and thus,
upon the switching over of the counter 1308, set the flip-
flop 1276, to start the sensing of the information within
that one of the registers 1261« and 12624, respectively,
which is prepared. Thus, for example, when the flip-flop
1265 is in reset condition, the reading from the register
1261a is fed through the reading line 1297 and the AND
gate 1269 to the supply line 1306. The reading is ter-
minated as soon as a carry pulse is supplied by the driv-
ing means 1281a and 1295«, respectively, through out-
put lines 1314 and 1315, respectively, through an OR gate
1316 and a lead 1317 to the reset input of the flip-flop
1276.

(N) The comparing and buffer arrangement

The comparing and buffer arrangement 9944 compares
selected words, in this case the sorting field, between a
number of registers which are coordinated to the respec-
tive assembly tracks 968z to 968c. In this case, since
three tracks are provided, three register units 994a to
994c are to be provided of which the units 9945 and
994c are of the same design as the unit 9944. The arrange-
ment controlling the functions for the track 9684 provides
its information through the lead 1264, as hereinbefore
described. The respective information is fed to the register
unit 9945 through a lead 1318 and is fed to the register
unit 994¢ through a lead 1319, comparable to the lead
1264. The supply of sensed sorting words from the reg-
ister 1261a to 1262a is through the lead 1306. Corre-
spondingly, the register unit 9945 for the track 9684
supplies the pulses for the sorting word from the registers
through a lead 1321 into the comparator and control unit
9944, and the register unit 994c supplies the correspond-
ing pulses from the register of the sorting field, if re-
quired, through a lead 1322 into the comparator and con-
trol arrangement 9944.

A comparator 1323 receives the pulses for the sorting
fields which are to be compared through OR gates 1324
and 1325 and supplies the indication signal indicating
which one of the two words is lower or higher to the set
inputs of the flip-flops 1263a and 1263b. If the switch
1288 is in its position 12884, indicating that the sorting
has to be in ascending order, outputs 1326 and 1327 of
the comparator 1323 are responsive according to an in-
dication of the lowest sorting word. The output 1327 is
connected through an AND gate 1328 to the flip flop
1263a coordinated as prebuffer flip-flop to the control
means of the track 968a. The output 1326 is connected
through an AND gate 1329 to the set input of the flip-flop
12635, controlling in a prebuffer manner the operation of
the selected sensing or picking-up of the information from
the track 9685. In other words, the flip-flop 1263« is a
prebuffer flip-flop for the flip-flop 996 and the flip-flop
12635 is a prebuffer flipflop for the flip-flop 997 (FIG.
55).

If the switch 1288 is in the switch position 12885, the
respective sorting occurs according to the highest sorting
order and not the lowest sorting order, to permit a sorting
in descending order. The comparator 1323 may be of
any known type, preferably a serial comparator requiring
only a few flip flop and gate systems. The flip flop 1263a
controls the picking up of the informations from the
track 968¢ in a corresponding manner and is connected
through an AND gate 1331 to the output 1326 of the
comparator 1323. Since the flip flop 1263c is operative in a
second comparing step only, because the first informations
which are to be compared are compared in a comparison
between the registers of register units 994a and 9945, the
lower one of both will then be compared in a separate
comparing step with the register for the sorting field of the
unit 994c¢.

In order to permit such a sequence of operations, in
which a comparing operation first occurs between the
words of the register units 9944 and 9946, the stepping
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counter 1308 is provided. The step counter 1308 provides,
beside the zero position, the counting steps one and two,
because only three tracks are provided in this example.
If more tracks are provided, the counter 1308 has to be
increased correspondingly with respect to its counting step
capacity. At the end of each sector, the counter 1308 is
in its zero position and its output 1309z is energized. The
zero stage of the counter 1308 is set by sector pulses
supplied through the lead 975 and generated by the
signal head 974.

Within each sector period, two time instants are pro-
vided in 'which pulses are supplied from the outputs 1314
and 1315, respectively, of the driving means 1281a and
12954, respectively, through the OR gate 1316 and the
leads 1317 and 1333 to the input 1334 of the counter 1308;
that is after each read out of the sorting card, for the
purpose of comparing. The counter 1308 is, in this case,
a three step counter, but it may be extended according
to the number of tracks which are to be controlled as
hereinbefore mentioned.

As long as the counter 1308 is in its zero counting stage
making the output 1309z operative, an AND gate 1335 is
prepared through a lead 1336 with the effect hereinafter
described. After the first pulse, supplied through the OR
gate 1316 and the leads 1317 and 1333 advances the
counter 1308 by one step, said counter produces an output.
The output signal from the counter 1308 controls the
comparison between the register units 994a and 99454, This
is due to the fact that the output 1309a is connected
through a lead 1337 with AND pgates 1338 and 1339
makifg them conductive, if they are not blpcked by
blocking lines 1341 and 1342 for certain periods which
are determined by the group length control of the unit
994c. The AND gates 1338 and 1339 transfer the sorting
words from the operative one of the registers 1261a or
12624 and 12615 or 12625 (not shown, but comparably
arranged within the unit 9945),

The pulses from the register unit 9944 are supplied to
the AND gate 1338 through the lead 1306 and the pulses
from the register unit 9945 are supplied through the lead
1321 to the AND gate 1339. Both pulses enter at the
same time for corresponding digits within the numbers
through the AND gates 1338 and 1339 since the driving
pulses from the lead 1305 and the character rate pulse
generator 1304 are used in common for the units 9945 and
994c to permit synchronized driving, at read out, of the
registers 1261a or 1262a and 12615 or 12625 since the
lead 1305 is connected to the register unit 9946 through
a lead 1343 and is connected to the register unit 994¢
through a lead 1344. The pulses are therefore fed through
the OR gates 1324 and 1325 in synchronism to inputs
1345 and 1346, and the comparator unit 1323, which is
preferably of a serial comparing type, indicates at the
outputs 1326 and 1327 which one of the two pulses is
lower or higher.

If the disclosed embodiment of the arrangement is
also to be used for normal collating tasks, as is the usual
case, the comparator 1323 has a third output for zero
results of the comparison, operative in accordance with
the normal types known in the art. If the sorting word
in the track 9684 is the lowest; that is, if the sorting word
supplied from the register unit 994z is the lowest, then a
pulse is supplied at the output of the comparator unit
1323 and is fed through the output lead 1327 of said
comparator and is fed through the AND gate 1328, pre-
pared during the first counting step 13094 through a line
1347, to the set input of the flip flop 1263a.

If, on the other hand, the sorting field word in the
register of the register unit 9945 is the lowest, a pulse
is supplied at the output 1326 of the comparator unit
1323 and the flip-flop 12635 is set. For the purpose of this
description, it may be assumed that the pulse was delivered
through the output 1327 and the flip-flop 1263z was set
through the AND gate 1328. Since the output lead 1326 is
connected to a lead 1348 the pulse is also fed to the AND
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gate 1331, but said AND gate is non-conductive during
the first counting step period of the counter 1308 because
said AND gate is controlled by the output line 13095 of
the step counter 1308, The pulse is therefore accepted only
by the flip-flop 12635 and not by the flip-flop 1263c.

If the sorting word of the register unit 994a is the
lower one of the two register units 994a and 994bH the
next comparison has to occur between the registers 994a
and 994¢ in order to find out which is finally the lowest
of the three sorting words stored in the registers 994a
and 994b and 994c. As hereinbefore described, the ad-
vancing of the counter 1308 to stage 13094 also supplies a
pulse through the differentiating means 1311 and through
the OR gate 1313 to the set input of the flip-flop 1276.
This starts the read out of the operative one of the
registers 1261a or, as in this case, 12624, by a signal in
the lead 1298.

The lead 1298 is connected to the set output of the
flip-flop 1276 and provides the additional condition to
the AND gates 1301 and 1302 to permit the passage of
character pulses from the lead 1305 to the driving means
1281a and 12954. As soon as the carry pulse occurs at the
outputs 1314 and 1315, respectively, through the OR gate
1316 and the lead 1317, said carry pulse is also supplied

through the lead 1333 to OR gate 1349 to enter the :

counter 1308 through the input 1334 and advances said
counter from counting step condition “one” to count-
ing step condition “two.” This results in another start
of the driving means 1281z and 12954, respectively, as
hereinbefore described, through the lead 13095, the dif-
ferentiating means 1312 and the OR pgate 1313 to the lead
1307 to the set input of the flip-flop 1276 as hereinbefore
described, but, in this case, the read out from the registers,
which are to be compared, occurs between the registers

994g and 994¢ rather than between the registers 994a ¥

and 9945,

The comparison controls another set of AND gates
which are shown in a second word row, namely AND
gates 1351, 1352 and 1353, of which, during this step, only
the AND gate 1351 and the AND gate 1353 are con-
ductive. The conductivity of the AND gate 1351 instead of
the AND gate 1352 results from the fact that the second
condition for the AND gate 1351 in counting step con-
dition 13095 of the counter 1308 is under the control of
the set output of the flip-flop 1263a whereas the flip-flop
12635 is still in reset condition as hereinbefore described,
so that the AND gate 1352 is not made conductive. The
set output of the flip-flop 12634 is for this purpose con-
nected through a lead 1354 to the AND gate 1351 and the

set output of the flip-flop 12635 is connected through a ;

lead 1355 to the AND gate 1352, The OR gate 1324
thus receives the comparing pulses through the AND gate
1351 during the counting step from the register unit 994a.

The other one of the pair of OR gates 1324 and 1325,
namely the OR gate 1325, receives its pulses through the
AND gate 1353, which is under the control of the output
13095 of the counter 1308, since the second comparison
includes under all conditions a comparison with the stored
sorting field in the register unit 994c so that the additional
condition during the second step, deciding which of two
is to be taken, occurs only between the register units 994a
and 9945 through the AND gates 1351 or 1352, as herein-
before described.

If, in this comparison, the register unit 994a again in-
cludes the lowest sorting word no change of the second
condition of the flip-flops 12632 to 1263c occurs; the
flip-flop 12634 remains set, the flip-flop 12635 is not set,
and the flip-flop 1263c receives no pulse since the only
pulse which was delivered from the lead 1347 was blocked
by the then non-conductive AND gate 1328 at the set in-
put of the flip-flop 1263a. If, on the other hand, the
comparison between the register unit 994a and 994c
results in the decision that the lower sorting word is con-
tained in the register unit 994¢, a pulse is supplied at the
output 1326 of the comparator unit 1323. This pulse is
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transferred through the lead 1348 and the then conductive
AND gate 1331 to the flip-flop 1263¢ which is set thereby.
The AND gate 1331 is conductive because it is connected
to the output 13095 of the counter 1308 which is excited
during the second counting step.

The setting of the flip-flop 1263c results in a changing
of the set conditions of either flip-flop 1263a or 1263b if
they were previously set. This is achieved, when the flip-
flop 1263c is set, by a pulse through a lead 1356, differ-
entiating means 1357, a lead 1358, and an OR gate 1359
to the reset inputs of the flip-flops 12634 and 1263b
through a lead 1361. Since the AND gate 1335 is not con-
ductive during this step, this pulse does not affect the flip-
flop 1263b. Therefore, at the end of one sector, only one
of the flip-flops 1263a to 1263¢ is set and this prepares
the respective one of the AND gates 12384 to 1238¢, of
which only the AND gate 12384 is shown, to permit the
setting of the flip-flops 996, 997 and 998, of which only
the flip-flop 996 is shown in FIG. 67. For this purpose,
the set output of the flip-flop 1263a is connected to the
AND gate 1238z and similarly the set outputs of the flip-
flops 1263b and 1263c are connected to the respective
AND gates 12385 and 1238c (not shown in FIG. 67).

In FIG. 67, the set output of the flip-flop 1263« is con-
nected through a lead 1362 through a terminal point 1363
to the AND gate 12384. The terminal points 1364 and
1365 are similarly connected to the AND gates 12385 and
1238¢ (not shown). Sector pulses generated at the signal
head 974, and supplied through a lead 1366 to the AND
gate 12384 may be conducted through the AND gate
12384, if the flip-flop 1263a which is coordinated to it has
been set before and such sector pulses are supplied to the
set input of the flip-flop 996 through the delay means 1024
to start the selecting of informations and the replacement
of the recorded sorting word in the sensed one of the
registers 1261a or 1262a, as described with reference to
FIG. 65.

The sorting by collating requires that at each run a
certain number of tracks be combined with respect to
their information into one track. This merging effect
occurs in this example from three assembly tracks into
one merged track.

During the first run, the output track is to be sub-
divided into groups of three information units of each
sequential order. After the second run, these groups are
increased to a group length within each track of 32=9,
and during the third run, this is increased again by a
multiple of three, and so on. The building up of the groups
is shown in Table IV for the various runs in group lengths
of 3, 9, 27, 81, 343, 729, 2,187, 6,561, 19, 683, 59, 049,
etc, The building-up of these groups is achieved by the
group length control unit 994e. The group length control
unit 994¢ includes a set of counters 1367a to 1367x each
providing three counting steps. The sector pulses generated
through the signal head 974 and transferred through the
AND gate 12384 in its conductive condition indicate that
an information will be picked up so that the sector pulse
in a line 1368 indicates that an information unit will be
picked up. Since an input lead 1369 of the counter 1367a
is connected to the lead 1368, the counter 1367z is ad-
vanced stepwise from zero for each information unit
picked up from the track.

A switch 1371 is closed once for each complete count.
A pulse is supplied through the switch 1371 through dif-
ferentiating means 1372 to a counter 1373. The counter
1373 is therefore advanced at each termination of a run.
It controls the switching over of each coordinated switch
13744 to 1374n from its upper position to its lower posi-
tion as scon as the respective stage 1373a to 1373n has
been reached in the stepwise advancing by pulses de-
livered through the differentiating means 1372, At each
closing of a switch, the closed one of the switches 1374a
to 1374n moves from its upper position to its lower posi-
tion and remains there in a latched position. After the
first three information units, a pulse, which occurs as soon
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as the counter 13674 has reached its third counting step,
is supplied through the right-hand output and the switch
1374a in its upper position to a lead 1375, through differ-
entiating means 1376 and a lead 1378 to the set input of
a flip flop 1377a thereby setting said flip flop. Since the
reset output of the flip flop 13774 is connected through a
lead 1341 to the AND gate 1338 to provide one condi-
tion, the setting of said flip flop prevents the transfer of
further sorting word informations from the register unit
9944 through the AND gates 1338 and 1351 to the OR
gate 1324 and from there into the comparator 1323. Thus,
the comparison occurs with the group of three informa-
tion units according to the sorting conditions hereinafter
described with reference to Table VIII.

The same pulse in lead 1378 is also supplied to a
counter 1379 through a lead 1381 and an OR gate 1382;
said counter being a single unit providing three counting
steps. The respective pulses to the set inputs of the flip
flops of the other two sets corresponding to the flip flop
1377a supply pulses to inputs 1383 and 1384 of the OR
gate 1382, so that the counter 1379 is advanced one
counting step by each flip flop at the setting of the cor-
responding one of the flip flops 1377a to 1377c. After
three such advancing steps, an output pulse is provided
in a lead 1385 and is fed through delay means 1386 and
a lead 1387 to the reset input of the flip flop 13774 to re-
set said flip flop and to remove the blocking conditions
from the respective AND gates 1338 and 1351, and 1339
and 1352, and 1353, through the leads 1341, 1342 and
1388 (leads 1342 and 1388 being the leads from the flip
flops 13775 and 1377¢, which are not shown in FIG. 67).

After the first run, the switching over of the switch
1374a from the upper to the lower position results in the
feeding of pulses through the lead 1375 and the differen-
tiating means 1376 to set the flip flop 13774 only after
nine picked-up information units within the track and
after the supply of another pulse from the switch 1371. At
the end of another run to the counter 1373, the switch
1374 will reach its lower position and will be latched
there. Thus, a pulse is supplied to the lead 1375 only after
a group length of 27 steps, since the next higher one of
each of the three counters always counts only the carries
from the preceding group of three, which builds up groups
of powers based on three. Switches 1389z to 1389n are
provided to be set according to the highest number of in-
formation units which are to be obtained in one group,
normally the total number of information units to be
stored. For simplification of this description, it may be
assumed that the highest group length may be set manu-
ally by a setting of one of the switches 13892 to 1389

from the right-hand side to the left-hand side. It is evident *

that this can also be accomplished automatically if the
first run is counted and the counter respectively advances
the switching over of such switches from one to the other
conditions, so that the same results are obtained auto-
matically at the end of the first run. Due to the switching
over, as soon as the highest group is reached and a re-
spective carry has been transferred through the right-hand
output of the preceding counters 13674 to 1367n, a pulse
through the switches 1374a to 1374n in their lower switch
position is supplied to a lead 1391 and transferred to en-
ergize a pulse generator 1392 which supplies a pulse
through a general release terminal 1393 which is con-
nected to the line 1186 of FIG. 66; line 1186 being the
final resetting terminating line which may be energized
by closing the end or termination switch 1184.

{O) Presensing and transfer control of variable
information unit lengths

The embodiments of the present arrangement are as
flexible as magnetic tape and include in addition to all
the qualifications of magnetic tapes, the advantages of
random access, that is the bypassing or jumping over of
areas which would have to be run through with tapes.
The information units utilized in the present arrangement
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are therefore not of a defined length, but any possible
subdivision of regular or irregular type of information
unit length may be utilized. Furthermore, an arrange-
ment may be utilized in which one information unit may
be, for example, of a length of 15 characters whereas the
next information unit length may be 18 characters, and
another information unit length may be 160 characters,
and there may also be variations in the lengths of the
sorting words.

The information unit length may be short or long.
Since the information unit lengths may vary, and since
two information unit lengths time is needed for a com-
parison, the distance between the presensing and transfer
heads must be maintained at two information unit lengths.

Storages 13994 and 1401a indicate how long the in-
formation units are and break the information units into
sectors, as in the system of FIG. 55. Only the sectors
needed between the presensing and transfer stations are
counted,

FIGS. 68a, 68b and 68c, referred to as FIG. 68, in-
dicates the variations and supplements which are required
to fulfill the aforementioned conditions and to avoid the
loss of speed. That is, the arrangement operates at full
character rate speed, and if there are, for example, within
an area of 100 characters according to the preceding de-
scription, three information units, the merging speed in-
creases by three, or if only the sorting words would have
to be sorted, and if such sorting words would normally
have a length of 16 characters, as an average, the sorting
and merging speed increases by six compared to the values
indicated in Table X. The embodiment of FIG. 68 is
also flexible above one sector distance area, to permit, for
example, a combination of two such areas into one and
to permit a change of the position in the sorting field,
from a position which was once four, to be the sixth field
in another case, the third field in another case, and the
eighth field in another case, each following after the other,
and nevertheless permitting a full automatic sorting con-
trol. The major problem which had to be overcome is the
subdivision of the sectors into pulse-controlled fractions
and the provision of their various controls in order to
permit the full application of the advantages of the herein-
before described arrangements. For this purpose, FIG. 68
utilizes alternating storages 1399a and 1401¢ which may
have a capacity according to the number of possible char-
acters between each single set of signal heads, for ex-
ample, a capacity of 100 characters each.

Since it is possible to easily store more than 100 char-
acters in a sector, if only ten heads are used in a track,
the capacity of the storages 13994 and 1401a may be
increased or the number of heads may be increased. There
is certainly a preferred combination for each problem,
undertaking, or operation and this has to be selected ac-
cording to the track density and the mechanical storages
and speeds required. A universal selection should be
made for certain areas of application.

Data is recorded on and sensed from the alternating
storages 1399« and 14014, each of said storages having
a capacity of characters according to the dimension of
one sector, for example, 100 characters. Instead of a bit
density in the track which permits the recording of only
ten information units of 100 characters each, there may
be recorded within one track having ten signal heads, in-
formation unit lengths of 300 characters or more, by a
subdivision of the storages 1399¢ and 14014, with an in-
creased character storage capacity, if the number of sig-
nal heads is not increased. Both conditions permit the
full use of the character speed within a track based upon
the bit density at such rotation speed. The alternating use
of the storages 13994 and 1401a for recording and sensing
is under the control of a flip-flop 1402.

Flip-flops 1403 and 1404 are provided to control the
loading of the storages 1399a and 1401a, respectively,
whenever one of said two storages has been emptied. Flip-
flop 1405 controls the picking up of selected informa-
tion comparable to the picking-up of information under
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the control of the flip-flop 996, but with the difference
that this picking-up occurs only for fractions of a sector-
wise information, which is one information unit indi-
cated by the “end of information unit” signal, so that the
pick-up of one information unit ends each time it is
selected as soon as the end signal of such an informa-
tion unit occurs. AND gates 1406 and 1407, and AND
gates 1408 and 1409 are provided for the recording of
information units within the operable one of the two
alternating storages 1399« and 1401c as soon as one
sector content, that is, as soon as one of the storages
1399, and 1401a, respectively, has been fully picked up
selectively with respect to its content, Therefore, for the
purpose of loading, the AND gates 1406 to 1409 are
operative under a double condition control of which one
condition is provided by the flip-flop 1402 at the set and
the reset outputs of said flip-flop, whereas the other con-
dition is provided by the flip-flop 1403 at its set output.
For this purpose, the reset output of flip-flop 1402 is con-

nected through a lead 1411 to the AND gate 1406 and

through a lead 1412 to the AND gate 1408. The set out-
put of the flip-flop 1402 is connected through a lead
1413 to the AND gate 1407 and through a lead 1414 to
the AND gate 1409.

The AND pates 1408 and 1409 supply the informa-
tion unit information, digit by digit and character by char-
acter, through leads 1415 and 1416, respectively, from
a main line 1417 which receives the information unit in-
formation signals through the AND gate system 1418«
to 1418j which is advanced and controlled by a counter
1419, to the storages 1399¢ and 1401a under the respec-
tive alternating conditions. A character pulse generator
1421 derives character pulses from the signals of the
main line 1417. The character pulses are derived at the
rate which corresponds to the supply of characters through
the main line 1417. The pulse generator 1421 supplies
such pulses through the AND gates 1406 and 1407, re-
spectively to the driving means 1422¢ of storage 1399«
and the driving means 1423a of storage 1401a, respec-
tively.

Correspondingly, the sensing of the storages 1399
and 1401a occurs under the direct control of an AND
gate 1424 for the storage 13994 and an AND gate 1425
for the storage 1401a. The control of the driving means
14224 and 1423q, respectively, occurs through AND gates
1426 and 1427, and a lead 1428 which receives its char-
acter rate pulses from the main line 1417 and the char-
acter rate pulse generator 1421. Both the AND gates 1424
and 1425, and 1426 and 1427 are controlled under double
conditions by the flip flop 1402, for the alternating con-
ditions for sensing and recording of the storages 1399a
and 1401a from the set output of the flip flop 1405, to
make said AND gates 1424, 1425, 1426 and 1427 con-
ductive only for the time period in which the selected
information unit is picked up.

The pickup of information units from the storages
13992 and 1401a is terminated by a main line 1429g,
which supplies pulses from the storages 13994 and 1401a,
respectively, through the conductive condition period of
the AND gate 1424 or the AND gate 1425 to the OR gate
1032 for recording (FIGS. 55 and 65). A lead 1431a
is provided and connected to the main line 1429a to sup-
ply, through the information unit signal generator 1432a,
pulses through a lead 14334 to the reset input of the flip
flop 1405 to terminate the pickup of informations. Fin-
ally, AND gates 1434 and 1435 are provided to effect an
automatic switch over of the recording and sensing con-
ditions of the storages 1399¢ and 1401a as soon as the
last storage field of said storages has been reached for a
sensing or recording process.

The sensing or recording process is indicated by a pulse 7

through the outputs 1436 and 1437, respectively, of the
driving means 1422 and 1423a, respectively. The pulse
passes through the AND gates 1434 and 1435, respec-
tively, and a common OR gate 1438 through a lead 1439
to the conductive one of AND gates 1441 and 1442 to
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the set and reset input, respectively, of the flip flop 1402
to reverse its condition and to change the recording and
sensing conditions between the storages 1399z and 1401a.
If, for example, sensing occurs from the storage 1399a,
such sensing may be continued by a sensing from the stor-
age 1401q at such switch over. For the purpose of pro-
viding such reversing conditions at the flip-flop 1402,
delay means 1443 and 1444, respectively, are provided
in the leads from the set and reset outputs, respectively,
of the flip-flop 1402 to the AND gates 1441 and 1442,
respectively.

The reset conditions of the flip-flops 1403 and 1404
are automatically provided at each sector, and sector
pulses from the lead 975 enter the reset input of the flip-
flop 1403 through a lead 1445. The resetting of the flip-
flop 1403 resets the flip-flop 1404 through a lead 1446
to prepare the flip-flop 1404 for the flip-flop 1403 by a
pulse to its reset input. In order to insure that all start-
ing conditions are initiated at reset or zero conditions,
terminal points f are provided for the flip-flops 1402 and
1405. The terminal points f effect the resetting by a pulse
to the respective reset inputs upon the terminating con-
ditions of FIG. 66, for example, by closing the end or
terminating switch 1184 or corresponding means, as here-
inbefore described. The counter 1419 and the driving
means 1422a and 1423q also have terminal points f for
bringing these units into reset condition at the end of
the entire operation, so that when operation is instituted,
the arrangement is ready to start.

The operation of the hereinbefore described embodi-
ment is as follows. As soon as the start switch 1179
(see FIG. 66) is closed, a pulse is supplied through the
differentiating means 1181 to the set input of the flip-flop
1183, The operation is advanced by two sector units,
as opposed to the operation of FIG. 66, which sector
units are used for sending the first sector informations,
not directly to the track 968a under the control of the
flip-flop 1191 through the AND gate 1204, as in FIG.
66, but the first sector informations are first sent to
the storages 13994 and 1401a before the starting of
the filling of the track 968a with ten units. For this
purpose, the arrangement of FIG. 66 is modified in
FIG. 68, wherein AND gates 1447 and 1448 are con-
trolled by the set and reset outputs of a flip-flop 1449,
which controls the preliminary loading effect of the two
storages 1399z and 1401q. The setting of the flip-flop
1183 prepares an AND gate 1451, comparably to the
AND gate 1197 of FIG. 66, to permit the passage of
an “end of drum” pulse entering at the signal head 1201,
through leads 1199 and 1452 to the set input of the
flip-flop 1449. The set output of the flip-flop 1449 is
connected through a lead 1453 to the AND gate 1447,
and through a lead 1454 to an AND gate 1455. It also
controls an AND gate 1456 through a lead 1457. The
AND gate 1455 is also connected to the set output of
the flip-flop 1183 through a lead 1458. As soon as the
the flip-flop 1449 is set, therefore, the AND gates 1447,
1455 and 1456 are made conductive.

The AND gate 1447 transfers informations picked
up from the input track signal head 978 through leads
1459 and 1461 to the main line 1417 to supply informa-
tions corresponding to informations supplied by signal
heads 1462z to 1462j through the AND gate system
1418a to 1418j to the main line 1417, for the first two
sectors, that is, for the period in which the flip-flop 1449
is set. During this period, the AND gate 1456 permits
the passage of sector pulses to the set input of the flip-flop
1404 through the leads 975 and 1463. Since the set
output of the flip-flop 1404 is connected through a
lead 1464 to the AND gate 1465, said AND gate will
permit the passage of a sector pulse from the lead 975,
which arrives delayed due to the delay means 1466, at
the AND gate 1465 to set the flip-flop 1403. The flip-
flop 1403 controls the loading of the storages 13994
and 1401q through the AND gate 1408 and the driv-
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ing means 1422a of the storage 1399a is controlled
through the AND gate 1466 during the reset condition of
the flip-flop 1402, so that the first information enters
the storage 1399a for the first 100 characters, in this
example.

As soon as a pulse is released at the output 1436 of
the driving means 14224, said pulse is fed through the
AND gate 1434 and the OR gate 1438 to switch the
flip-flop 1402 into its reverse condition through the
lead 1439 and the AND gate 1441 which is prepared by
the reset output of the flip-flop 1402 through the delay
means 1443. The following sector information is there-
fore supplied to the storage 1401z under the control of
the then conductive AND gate 1409 and the control of
the respective driving pulses through the AND gate 1407
supplied to the driving means 1423« through an OR
gate 1467.

The setting of the flip-flop 1449 also makes the AND
gate 1455 conductive. The AND gate 1455 operates
under the double influence of the set output of the flip-
flop 1183 and the set output of the flip-flop 1449. Sector
pulses from the lead 975, supplied to the AND gate
1455 through a lead 1468, may therefore be fed through
the AND gate 1455 as soon as the flip-flop 1449 is set
and said sector pulses advance a counter 1469 by one
step for each sector when the said pulses are supplied
to said counter through an input lead 1471.

After the second sector pulses have advanced the
counter 1469, that is, at the time instant when the stor-
ages 13994 and 1401a have been filled, a pulse is sup-
plied from the output 1472b of said counter. That is,
at the end of the second counting condition of the
counter 1469, it is transferred to its third serial condi-
tion through a lead 1473 and differentiating means 1474
to the reset input of the flip-flop 1449 which thereby
terminates its control function for the first two sectors
since it only provides for the loading of the storages
13994 and 1401a before recording occurs in the track
968a. The resetting of the flip-flop 1449 provides a pulse
at the reset output of the flip-flop 1449, which pulse is
fed through differentiating means 1475 and OR gate 1476
to the set input of the flip-flop 1191 to start the opera-
tions hereinbefore described. That is, for example, the
loading of the first ten sectors informations in the track
968a through the signal head 1211 is initiated (FIG. 66).

During the reset condition of the flip-flop 1449, the
AND gate 1448 is conductive instead of the AND gate
1447 since the AND gate 1448 is connected to the reset
output of the flip-flop 1449 and to the zero condition
output 1472z of the counter 1469. The counter 1449
is also reset through a reset input f according to the
general reset at the end of the entire operation, described
with reference to FIGS. 66 and 67. The setting of the
flip-flop 1191 also makes the AND gate 1204 conductive
so that the following sector informations picked up from
the signal head 978 for full rotation are then supplied
to the recording head 1211 through the leads 1208
and 1209, comparable to the description of FIG. 66
for the loading of the track 968q.

The sorting fields for the information unit informa-
tions which are then a plurality of information units if
such plurality is contained in these sectors, are sup-
plied to the registers 1261a and 12624, which then have
sufficient character positions to store the sorting fields
for the full informations contained in the storages 1399a
and 1401a, respectively. The operation is similar to that
described with reference to FIG. 67, with a difference.
The difference is that the switch over of the driving means
to terminate a pick-up in sensing is no longer affected
by output pulses from the outputs 1314 and 1315, re-
spectively, of the driving means 1281a and 1295a. The
pulses are provided by the “end of word” detector unit
1282, that is, from the lead 1283, as soon as the signal
words stored in the registers 1261a and 1262 are se-
lected in accordance with the respective informations
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from the storages 1399a¢ and 1401a upon a selective
transfer to the OR gate 1032 through the lead 1492q.

An “end of information unit” signal is picked up for
the termination of the operations by an “end of unit”
signal. In FIG. 68, the termination of the information
unit is detected by the information unit signal generator
1432a which resets the flip flop 1405 through the lead
1433¢. Tnstead of an automatic resetting at the end of the
sector, the main changes which are to be made in addition
to the subdivision of the sectors through the storages
1399a and 14014, is that the registers 1261 to 1261c and
1262a to 1262¢ of FIG. 67 are extended for the sorting
fields, to the number of information units to be held in
the storages 1399a or 1401a.

In order to maintain the clarity of illustration of the
drawings, the difference of FIG. 68 from FIG. 67 is
shown by the main line 14294 through the information
unit signal generator 1432a connected to the reset input
of the flip flop 1405. The signal generator 1432a gen-
erates a pulse when a predetermined signal is fed to its
input. It is to be understood, however, that instead of
an automatic termination of an information unit at the
end of a sector, as in FIGS. 65 and 66, the termination
in FIG. 68 occurs, according to the standard rules of
variable information length termination, by the end of
information unit signal detected by components such as
the information unit signal generator 14324. Thus, such
components as the information unit signal generator 14324
may also be utilized at other points where sector pulses
provide the indication of the end of the information unit.
The pick-up of information is therefore always terminated
as soon as the respective information unit end signal of
the picked up information unit is selected. This results
in a gap-free sequential order arrangement of information
following the transfer through the line 1429g and the OR
gate 1032 for the output tracks from lines 14295 and
1429c¢ in addition to the input from the main line 1429q,
so that the assembling of information does not occur
sector-wise, but information unit lengthwise, with any
variable condition of such information units.

The picking up of informations selectively from the
different tracks then does not occur directly from the
track, but from the respective storages 1399g and 1401aq.
The storages 1399« and 1401¢ are sensed under the con-
trol of the driving means 1422a and 1423q, respectively,
in such a manner that said driving means advance, as soon
as they are energized, only to that column which has the
end of information unit length control pulse, so that
the picking up of information may start again afterward
at this point when an information is again to be picked
up for the track 968a then replaced for the subdivision
by the storages 1399a and 1401q, respectively. The pulses
through the flip flops 12634 to 1263c of FIG. 67 then do
not result in the control of the flip flop 996 through the
and gate 12384 (FIG. 67) but in the control of the
flip flop 1405 through an AND gate 1477, which replaces
the AND gate 12384 in this respect, to permit the feeding
of an end of information unit signal supplied from any
one of the three information unit signal generators 1432a
to 1432¢ (of which only the generator 1432¢ is shown in
FIG. 68) to set the flip flop 1405 through a lead 1478
and delay means 1479. These pulses may arrive from any
one of the three lines 1429qa, 14295 and 1429¢ (of which
only the line 14294 is shown in FIG. 68) and from the
respective end of information unit signals. Thus, an OR
gate 1481a permits the feeding of the respective informa-
tion unit end signals to the line 1478 and through the
AND pgate 1477 if said AND gate is prepared for con-
ductivity by the comparing and control flip flop 1263a of
FIG. 67, and through the delay means 1479 and line
1482 to set the flip flop 1405 for picking up the next
following of the information units stored in the cor-
responding ones of the storages 139a to 1399¢ and 1401a
to 1401c, respectively,

The supply of information unit informations to the
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OR gate 1032 for the purpose of recording in the assembly
tracks therefore occurs in a direct time succession, as
soon as any one of the selected information units has
been transferred, since the respective information unit
signal generators 14324 to 1432c cooperate with their
corresponding OR gates 1481a to 1481c¢ to control the
respective pick-up of the next information unit selected
by the control and comparator unit 994a to 994c (FIG.
67). The arrangement thus permits the utilization of the
full speed of information unit subdivisions in the same
manner as if tapes were used but requiring no mechanical
operations, avoiding unnecessary gaps at starting, and
avoiding unnecessary consideration of unneeded informa-
tion.

As soon as the sensed storage 1399z or 1401¢ has
reached the end point, which is indicated by a pulse at the
output lead 1436 or 1437, respectively, pulses are supplied
through the AND gates 1434 and 1435, respectively, to
the OR gate 1438, in order to reverse the flip-flop 1402,

as hereinbefore mentioned, by pulses through the lead 2

1439 to the set or reset input of the flip-flop 1403 under
the control of the AND gates 1441 or 1442 in reversing
condition. The pulses through the lead 1439 are also sup-
plied to the set input of the flip-flop 1404, through a
lead 1483. The flip-flop 1404 prepares the AND gate
1465 via the line 1464 from its set output, so that when
the next following sector pulse arrives at the lead 975
the flip-flop 1403 is set as soon as said sector pulse, which
is delayed by delay means 1466, is fed to the set input

of the flip-flop 1403. Therefore, the next sector will be :

used to record through the operative one of the signal
heads 1462a to 1462 new informations on the opposite
one to the sensed storage 1399a or 1401a according to the
conditions of the flip-flop 1402, so that the sensed in-

formation of this sector will be replaced by new informa- 3:

tion.

The arrangement utilized with respect to flip-flops 996,
997 and 998 to control the pick-up of information units
in order to permit a transfer of signals to the output track,
information unit wise, according to FIGS. 65 and 66, may
be utilized to replace picked-up informations transferred
to the intermediate storages 1396a or 1401a. The flip-
flop 1403 in set condition therefore supplies pulses to a
lead 1484 to set the flip-flop 996 through differentiating
means 1485 and a lead 1486; the set input of the flip-flop
996 being connected to the line 1486 which is connected
to the lead 9952 of FIG. 55a. The pair of signal heads
for the control and comparator unit are advanced in the
same manner as for the transfer of informations, but with

the difference that the operation is a replacement of 5

picked up sector informations which are not themselves
directly transferred through the OR gate 1032 to the out-
put track for the purpose of merging, but in which such
transfer occurs through the intermediate storage systems

13994 and 1401a to permit any possible subdivisions of 5

information units. The replacement and loading of the
tracks, as shown in FIG. 66, remains unchanged if the
signals in the lead 1436, indicating the filling of one sec-
tor unit, are taken as indication for the preceding picking
up of sector units which then directly represent informa-
tion unit length, whereas they may at the later time be
subdivided according to variable information unit length
conditions in the intermediate storages 1399qa or 1401a.
Generally, it may be considered that in the arrange-
ment of FIG. 68, instead of directly picking up informa-
tion units as sector units, the picking up of such informa-
tion occurs only for the length of real information units
and the indication signal at the end of an information

unit starts the next following pulses in the same manner as -

if these were sector pulses. The operation in the track
remains essentially the same, but with the effect that the
operation is not directly into the merging of the informa-
tion umits, but into the replacement of the intermediate
merging storages 1399a and 1401q as soon as such infor-
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mations have been sensed fully in the respective one of
the alternately used storages 1399a and 1401a. The con-
trol and comparator unit operates essentially similarly,
but it also holds only the respective sorting fields for those
information units which are stored in the intermediate
storages 1399a2 or 1401q, so that it controls the picking-
up of information units under the control of the flip flop
1405 in the manner hereinbefore described for picking up
information units from sectors.

This results in full speed sorting, which, if only sorting
fields were sorted, would provide a speed advantage six
times the speed requirement. However, this operation is
utilized usually if only selecting operations occur, where-
as the sequential order operations for the whole sorting
of informations are utilized with the aforedescribed tech-
nique.

The control of the counter 1419 corresponds to the
control of the counter 1019z of FIG. 65. The design of
the counter 1419 is such that four stages 1487a to 1487d
are provided which become ten counting steps. A mesh
or matrix 1439 transfers the different stages into digit
values one to ten, to control, through leads 1491a to
1491j, the conductiveness of the various AND gates
1418a to 1418j. The AND gates 14184 to 1418/ are again
in sectorwise subdivision and each sector may hold, for
example, 100 character informations in accordance with
the storage capacity of the intermediate storages 1399a
or 1401a, if no other character subdivisions are provided
for the sectors.

In order to permit a switching over from an informa-
tion unit length of 36 to an information unit length of
100 characters within a sector and to permit an informa-
tion unit length which is longer than one sector unit AND
gates 1492 and 1493, or even more if required, may be
provided to permit a bypass, such as, for example, one
sector if an information unit is longer than 100 charac-
ters. The signals for bypassing must then be indicated, for
example, in the first row of the informations of the in-
formation unit, in order to indicate that this is longer
than 100 characters, for example, close to 200 characters,
if such subdivision is provided.

If full flexibility is desired with respect to the arrange-
ment of the sorting field in any defined number within
an information unit, then the one character, for example,
the second one, of the information unit must be provided
if the first one is used to indicate various information
group lengths are higher than, for example, 100 charac-
ters, to indicate the position of the sorting field, for ex-
ample, by indicating that in the information unit the
sorting field is the fifth word within the information unit,
or that in the following information unit it may be the
seventh word, so that full flexibility is achieved in order
to provide subdivisions of information units in the most
variable forms. It is thus a matter of supplying a digit
to fill the field counter 1284 of FIG. 67 in advance by
the value of the digit, so that, if the complementary val-
ue is used for this purpose, the carry of the counter 1284
is at its output lead 1285, since the pulses supplied to
said counter through the lead 1283 are the “end of word”
signals generated by the word end signal generator 1282
(FIG. 67). The setting of the flipflop 1275 (FIG. 67)
occurs under control with any known manner of filling
the counter with such digits at the time instant after the
information had been sensed as the second character
from the information unit. The arrangement is thus
fuily flexible and permits any variable information unit
length with full utilization of the speed advantages, so
that the limitations are due only to the respective char-
acter rates as the pulse frequency, and it is also fully
flexible with respect to the utilized length of information
units, even above the capacity of, for example, one sec-
tor, and with respect to the arrangement of the storting
fields in any desired sequential position within an infor-
mation unit.
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(P) Sorting of information units in groups
of sequential order

As hereinbefore described, the sorting by collating oc-
curs in building up groups of information units in sequen-
tial order. Such groups are extended in length, at each
run, in powers of 3, if 3 assembly tracks are used and in
powers of 6, if 6 assembly tracks are used.

Table VIII indicates sorting by collating and shows the
assembling within groups of 3, in powers of 3, at each run,

TABLE VIII

Sorting by Collating

AA AB AC AD AE AF AQG AH AX
ZU_._ 216 134 018 226 037 008 064 012 18
ZV_ .. 024 037 001 106 028 035 006 004 126
ZW__ 208 019 034 022 014 OR6 052 049 003
Sectots
I I Ir v vV VI VII VIII IX
XX.. BA BB BC BD BE BF BG BH BI
Track:

068a__ YU. 024 208 216 019 037 134 001 018 034
968b_.. YV_ 022 106 226 014 028 037 008 035 (86
968c.. YW. 006 052 064 004 012 049 003 016 126
CA CB CC CD CE CF CaG CH CI
ZX_. 006 022 024 052 064 106 208 216 226
3lto82. . 4ZY_. 004 012 014 010 028 037 037 044 134
ZZ_. 001 003 008 016 018 034 035 086 126

XX..
DA DB DC DD DE DF nC DH DI
YX_ 001 003 004 006 008 012 014 016 108
Ptod .. YY. 018 022 024 028 034 035 037 037 149
YZ.. 052 064 086 106 126 134 208 216 226

In Table VIII, the assembling tracks corresponding to
the arrangement in rows ZU, ZV and ZW first show in-
formation units of which only the field containing the
sorting word is shown, and there are twenty-seven such
information units in random order shown in these rows.
During the first run, a transfer occurs from rows ZU, ZV
and ZW to rows YU, YV and YW. In the first column
AA of rows ZU, ZV and ZW, the comparison is accord-
ing to the numerical or alphabetical value, in this case
the numerical value of the sorting field contained in the
tracks corresponding to rows ZU, ZV and ZW, which
may be for example, tracks 968z to 968c of FIGS. 55
and 65. By the presensing of the sorting field, preceding
by two information units as hereinbefore described in
detail with reference to FIG. 65, it may have been de-
tected that within the first column AA, the information
in the sorting field in row ZU may be the lowest, which
results in a transfer of this information unit with the
sorting field “024” into sector 1 of the track 969«, cor-
responding to row YU. The following information unit
is the second lowest sorting field “208,” contained in row
ZW, in the track 968c, and it is recorded in the track cor-
responding to row YU, which is the track 968, in sector
II. Next follows the information unit with sorting field
“216” picked up from row ZU. This terminates the first
group in row YU, since the first groups comprise up to
31=3 information units during the first run.

The next three information units picked up from col-
umn AB are recorded in sequential order in a group of
three information units in row YU indicated by the sort-
ing field “019” picked up from row ZW of column AB,
followed by “037” picked up from row ZV of column
AB, and followed again by the information unit includ-
ing the sorting field “134” picked up from row ZU in
column AB.

Finally, the third recording within this group is in
row YU in a group of 3 information units, in sequential
order of information units including the sorting fields
“001, 018, 034" picked up from column AC in sequence
from rows ZV, ZU and ZW.
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This terminates the groups 3!=3 in Table VIII.

In the same manner, the following three columns AD,
AFE and AF will be positioned in three information unit
groups, in sequential order in row YV, and so on, so that
after this run the 27 information units shown in the first
groups of rows ZU, ZV and ZW are arranged in tracks
coordinated to rows YU, YV and YW in sequential order
of the sorting fields in groups of three information units
each.

By retransfer from the tracks corresponding to rows
YU, YV and YW after the first full run, said tracks may
be contained in the parts 955 and 956 of the random ac-
cess memory 896 of FIG. 55, or in storage areas on the
discs 961, 962 and 963, or 964, 965 and 966. The grouping
then occurs in a reversed manner, the transfer occurring
from rows YU, YV and YW to rows ZX, ZY and ZZ
having other index numbers, but the same reference num-
ber base as rows ZU, ZV and ZW.

After the second run, the pattern includes groups of
information units, each having 9 information units, in
sequential order, as shown in rows ZX, ZY and ZZ. This
is achieved by first selecting information units in the
aforedescribed manner from rows YU, YV and YW of
column BA and transferring them in the aforedescribed
manner to a track coordinated with row ZX.

The transfer of information units from rows YU, YV
and YW to row ZX occurs by the selection of the sort-
ing fields which are the lowest ones of the respective
groups of three. As shown in Table VIII, the informa-
tion unit in row YW which has a sorting field “006” is
the lowest in column BA, so that the first selected trans-
fer is of that information unit to row ZX; said informa-
tion unit having been in row YW of column BA. Accord-
ing to this method of sorting by group-wise collating, the
next comparison occurs as soon as the first transfer has
been effected. The next comparison is between the next
sorting field in row YW of column BB and the two fields
in rows YU and YV of column BA, The next compari-
son is therefore between those information units which
include the sorting field “024” (row YU), sorting field
“022” (row YV), both in column BA, and the next infor-
mation unit in row YW, which then leads the informa-
tion to be selected and is in column BB and includes the
sorting field “052.” Since the sorting field “022” is the
lowest of the information units then leading the assem-
bling track information, the information unit including
the sorting field “022" is transferred to the track coordi-
nated with row ZX as the second information unit in
this line.

The third information unit is transferred to row ZX
as a result of the third comparison, which is between
“024” in column BA of row YU and “106” and “052” of
rows YV and YW of column BB. The comparison re-
sults in the transfer of the information unit with the sort-
ing field “024” from column BA of row YU to column
CC of row ZX. The next comparison is between the
sorting fields of rows YU, YV and YW of column BB,
of which “052” of row YW of column BB is transferred
as the lowest, so that the next comparison is between the
sorting fields of rows YU and YV of column BB and
row YW of column BC, of which “064” of row YW of
column BC is transferred to the track corresponding to
row ZX as the lowest. Since this selection stage is lim-
ited to transferring groups of three sorting fields to groups
of nine, the next comparison is between the sorting fields
of rows YU and YV of column BB, of which “106” is
transferred to the track corresponding to row ZX as the
lIowest. The next comparison is between the sorting field
of row YU of column BB and row YV of column BC, of
which “208” is transferred as the lowest. The next com-
parison is between the sorting fields of rows YU and
YV of column BC, of which “216” is transferred to the
track corresponding to row ZX as the lowest. The re-
maining sorting field “226” of row YV of column BC
is then transferred. This completes the first group of nine



3,548,381

123

information units in row ZX, corresponding for the sec-
ond run to a group of 32=9 information unit lengths.
The next transfer of the group in rows YU, YV and
YW of columns BD, BE and BF to row ZY occurs in
the aforementioned manner in sequential order and the
transfer to row ZZ of the information units including the
sorting groups shown in rows YU, YV and YW and in
columns BG, BH and BI in sequential order is also in the
aforementioned manner, commencing with the informa-
tion unit with the sorting field with the lowest number
“001” and terminating with the sorting field having the
highest number “126.” Thus, in the second stage of the
sorting operation in transferring groups of 3 sorting fields
to groups of nine, the initial comparison is between the
sorting fields of rows YU, YV and YW of column BD,
of which “004” is transferred to the track corresponding
to row ZY as the lowest. The next comparison is be-
tween the sorting fields of rows YU and YV of column
BD and row YW of column BE, of which “012” is trans-
ferred to the track corresponding to the row ZY as the
lowest. The next comparison is between the sorting fields
of rows YU and YV of column BD and row YW of
column BF, of which “014” is transferred to the track
corresponding to the row ZY as the lowest. It is under-

stood, of course, that when the sorting field is indicated 2

as being transferred, the information unit, of which the
sorting field is a part, is transferred.

The next comparison is between the sorting fields of
row YU of column BD, YV of column BE and YW of
column BF, of which “019” is transferred to the track
corresponding to row ZY as the lowest. The next com-
parison is between the sorting fields of rows YU and YV
of column BE and row YW of column BF, of which
“028” is transferred to the track corresponding to row

ZY as the lowest. The next comparison is between the !

sorting fields of row YU of column BE and rows YV and
YW of column BF, of which “037” is transferred to the
track corresponding to row ZY as the lowest,

The next comparison is between the sorting fields of
rows YU, YV and YW of column BF, of which “037” is
transferred as the lowest. The next comparison is be-
tween the sorting fields of rows YU and YW of column
BF, of which “049” is transferred to the track corre-
sponding to row ZY as the lowest. The remaining field
*134” of row YU of column BF is then transferred. This
completes the second group of nine information units in
row ZY, corresponding to a group of 32 or 9 informa-
tion units.

The third stage of the comparison in transferring the
groups of three information units to groups of nine infor-
mation units, follows the pattern set for the afore-
described first and second stages and results in the track
corresponding to row ZZ. The transfer of three informa-
tion unit groups to nine information unit groups is then
completed and the next transfer of the nine information
unit groups to 27 information unit groups is initiated.

At the end of the second run, therefore, there are in
each of the three tracks corresponding to rows ZX, ZY
and ZZ a group of nine information units in sequential
ascending order. The third run then transfers the groups
of nine information units to one group of twenty-seven
information units in ascending order, shown as distrib-
uted in three tracks, but which may of course be in a
single output track having twenty-seven information units
in sequential order.

The transferring of groups of nine information units to
a group of twenty-seven information units is similar in
operation to the previous transfer of groups of one infor-
mation unit to groups of three information units and of
groups of three information units to groups of nine infor-
mation units. Thus, in the initial stage of the sorting oper-
ation, in transferring groups of nine sorting fields to
groups of twenty-seven, the initial comparison is between
the sorting fields of rows ZX, ZY and ZZ of column CA,
of which “001” is transferred to the single track corre-
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sponding to rows YX, YY and YZ as the lowest, The next
comparison is between the sorting fields of rows ZX and
ZY of column CA and row ZZ of column CB of which
“003” is transferred to the single track corresponding to
rows YX, YY and YZ as the lowest. The next comparison
is between the sorting fields of rows ZX and ZY of column
CA and row ZZ of column CC, of which “004” is trans-
ferred to the single track corresponding to rows YX, YY
and YZ as the lowest. The next comparison is between the
sorting fields of row ZX of column CA, row ZY of col-
umn CB and row ZZ of column CC, of which “006” is
transferred to the single track as the lowest. The next
comparison is between the sorting fields of rows ZX and
ZY of column CB and row ZZ of column CC, of which
“008" is transferred to the single track as the lowest.

The next comparison is between the sorting fields of
rows ZX and ZY of column CB and row ZZ of column
CD, of which “012” is transferred to the single track as
the lowest. The next comparison is between the sorting
fields of row ZX of column CB, row ZY of column CC
and row ZZ of column CD, of which “014” is transferred
to the single track as the lowest. The next comparison is
between the sorting fields of row ZX of column CB and
rows ZY and ZZ of column CD, of which “016” is trans-
ferred to the single track as the lowest.

The next comparison is between the sorting fields of
row ZX of column CB, row ZY of column CD and row
ZZ of column CF, of which “034” is transferred to the
single track as the lowest, The next comparison is between
the sorting fields of row ZX of column CB, row ZY of
column CD and row ZZ of column CF, of which “019”
is transferred to the single track as the lowest. The next
comparison is between the sorting fields of row ZX of
column CB, row ZY of column CE and row ZZ of column
CF, of which “022” is transferred to the single track as
the lowest. The next comparison is between the sorting
fields of row ZX of column CC, row ZY of column CE
and row ZZ of column CF, of which “024” is transferred
to the single track as the lowest.

The next comparison is between the sorting fields of row
ZX of column CD, row ZY of column CE and row ZZ of
column CF, of which “028” is transferred to the single
track as the lowest. The next comparison is between the
sorting fields of row ZX of column CD and row ZY and
Z7 of column CF, of wsich “034” is transferred to the
single track as the lowest. The next comparison is between
the sorting fields of row ZX of column CD, row ZY of
column CF and row ZZ of column CG, of which “035” is
transferred to the single track as the lowest. The next com-
parison is between the sorting fields of row ZX of column
CD, row ZY of column CF and row ZZ of column CH, of
which “037” is transferred to the single track as the lowest,
The next comparison is between the sorting fields of row
ZX of column CD, row ZY of column CG and row ZZ of
column CH, of which “037” is transferred to the single
track as the lowest. The next comparison is between the
sorting fields of row ZX of column CD and rows ZY and
ZZ of column CH, of which “049” is transferred to the
single track as the lowest.

The next comparison is between the sorting fields of
row ZX of column CD, row ZY of column CI and row ZZ
of column CH, of which “052” is transferred to the single
track as the lowest. The next comparison is between the
sorting fields of row ZX of column CE, row ZY of column
CI and row ZZ of column CH, of which “064” is trans-
ferred to the single track as the lowest, The next compari-
son is between the sorting fields of row ZX of column CF,
row ZY of column CI and row ZZ of column CH, of
which “086” is transferred to the single track as the
lowest. The next comparison is between the sorting fields
of row ZX of column CF and rows ZY and ZZ of column
CI, of which “106” is transferred to the single track as the
lowest.

The next comparison is between the sorting fields of
row ZX of column CG and row ZY and ZZ of column CI
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of which “126” is transferred to the single track as the
lowest. The next comparison is between the sorting fields
of row ZX of column CG and row ZY of column CI, of
which “134” is transferred to the single track as the lowest.
The remaining fields “208,” “216” and “226" of row ZX
of columns CG, CH and CI are then transferred in their
sequence. This completes the group of twenty-seven in-
formation units in the single track corresponding to rows
YX, YY and YZ, corresponding to a group of 33 or 27 in-
formation units.

(Q) Group lengths after runs

Table IX indicates how initially small groups of infor-
mation units are considerably increased in magnitude with
each run,

TABLE IX.—GROUP LENGTHS

Runs QGroup length
31 3
32 9
3a 21
3 81
38 243
38 724
3 2,187
38 6,561
3 19, 683

310 59, 049

Whereas, during the first run, as Table IX shows, the
group length is only three information units within each
track, corresponding to 3!=3, in the second run it is 9, in
the third run it is 27, in the fourth run it is 81, in the
fifth run it is 243, in the sixth run 729, in the seventh run
2,187, in the eighth run 6,561, in the ninth run 19,683, and
in the tenth run 59,049, As a result of the increase occur-
ring in powers of 3, the sorting speed becomes greater with
the increased number of groups sorted.

(R) Group length control

FIG. 69 shows a circuit for controlling the length of
sub-groups of information units in a sorting process dur-
ing the different runs. As aforementioned, during the first
run of information units in a sorting process the informa-
tion units are grouped into sub-groups of 3 information

units and during the second run 3 sub-groups each having 4

3 information units, are combined and form a new sub-
group of 9 information units. The third run combines a
sub-group of 9 information units to one sub-group of 27
information units, and so on.

The circuit of FIG. 69 therefore includes a counter
which is split into 5 groups of sub-counters, each with a
capacity of 3. The comparison result signal, in this case
the counter via line 1499 and reaches the set input of trig-
belonging to information units of group 3, is supplied to
ger 1501a directly. The comparison result signal reaches
the reset input of the trigger 1501a through OR gate
15024. Each time the trigger 1501a is reset a signal is
transferred either directly to the set input of trigger
15015 or via OR gate 1503 to the reset input of the trig-
ger 15015, The set outputs of the two triggers 1501¢ and
15015 are combined in AND gate 1504a.

If both triggers 1501aq and 15015 are in set condition,
the AND gate 1504a conducts an output signal which is
fed via line 1505z and the OR gate 1503¢ to the reset in-
put of the trigger 15015 and via line 1506a, delay 1507q
and OR gate 15024 to the reset input of the trigger 1501a.
This controls the capacity of the two triggers. The AND
gate 1504a feeds a signal via line 1508a to AND gate
15094. During the first run of information units, a trig-
ger 1511 is in reset condition so that the AND gate 15094
is opened or in its conductive condition. Thus, each time
the counter consisting of the two triggers 1501a and
15015 reaches the condition three, the AND gate 1509z
produces an output signal which is fed via line 15124
to an OR pgate 1513. The circuit arrangement of FIG. 69
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below the line 1512¢q is for information groups 1, 2 and
3 and above said line is only for information group 1, so
that the leads 1516a to 1516¢ are only for information
group 1. Leads 1516aa to 1516ea are connected to the
counter for information group 2 (not shown in FIG. 69)
and leads 1516ab to 1516eb are connected to the
counter for information group 3 (not shown in FIG. 69).

At the end of the first run, a pulse in line 1514 is sup-
plied to the set input of the trigger 1511a via line 1515.
The trigger 1511a therefore closes or makes nonconduc-
tive the AND gate 1509a via line 15164 and opens or
makes conductive an AND gate 15174 via line 1518a.
Triggers 15194 and 15195, in combination with OR gates
15025 and 15035, AND gate 1504b and delay 15075 in-
crease the capacity of the counter to 9. Thus, each time
the active counter comprising the triggers 1501a, 15015,
1519a and 15196 reaches the condition nine, the AND
gate 15045 produces an output signal which is fed via
line 15085, AND gate 1509F and line 15125 to the OR
gate 1513. The AND gate 15095 is opened or made con-
ductive via line 1516b from the reset output of trigger
15115,

At the end of the second run, the trigger 15115 is in
its set condition due to AND gate 15214 which is opened
or made conductive by a signal from the set output of the
trigger 1511a and conducts an end of run pulse from the
line 1514. The trigger 15115 in set condition opens or
makes conductive AND gate 15176 and closes or makes
nonconductive the AND gate 15095, When the AND gate
15176 is made conductive, the counter capacity is in-
creased to 27. The active counter then comprises the six
triggers 1501q, 15015, 15194, 15195, 15224 and 15225.

In the same manner, triggers 1511¢, 15114 and 1511e
may increase the capacity of the counter to 81, 243, and
729, respectively. At the end of each sub-group, pulses
reach the OR gate 1513 and are fed via line 1523 to the
reset input of a trigger 152dc. Lines 15254 and 15256
are pulse lines similar to the line 1523, but are connected
to the respective counters for the information units of
groups 1 and 2. There are three counters, of which only
the counter for the information units of the third group
is shown,

Fach time all three counters produce sub-group end
signals, these signals are supplied to AND gate 1526 via
lines 1527q, 1527b and 1527c. The AND gate 1526 is
then opened or made conductive and produces a pulse
which is fed through OR gate 1528 to the set inputs of
the triggers 1524a, 1524b and 1524c¢ and sets these trig-
gers. The sorting process may then start again. The same
pulse is fed via line 1529 to produce a “new group” signal,
because the end of the run determined by the end of all
information units does not always cause the OR gate
1528 to lead this pulse to the triggers 15244, 15245 and
1524c so that the next following run may be started.

The triggers 1511q, 15115, 1511¢, 1511d and 1511e
are reset by a “start of sorting” signal in line 1531 which
is supplied to their reset inputs via lines 15324, 15325,
1532¢, 15324 and 1532e, respectively. The reset outputs
of the triggers 1524a, 15245 and 1524c are connected to
lines 15334, 15335 and 1533c, respectively.

The output lines 1533 to 1533c¢ control the input of
control fields to the comparator 994 (FIG. §5). Accord-
ing to the three way merging system, only a limited num-
ber of informations may be handled in one comparing
cycle. This number of informations grows with the power
of 3 during the sorting process. As soon as the number
of transferred informations of one information group
has reached the limitation, the corresponding one of the
lines 1533a to 1533¢ provides a signal to stop the proc-
essing of the following informations of this group. As
soon as the number of processed informations of all
three information groups has reached the limitation, the
line 1529 provides a signal which releases the inputs of
the comparator 994 for all three groups of information by
setting the triggers 1524 to 1524c.
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(S) Merging and sorting speeds

128
achieved by the arrangement if such speed conditions as
are evidenced in seven channel recording apply, since

Table X indicates the different speeds obtained for these are utilized in tapes at the present time. However,

merging and sorting.
TABLE X.—MERGING AND SORTING SPEEDS

Merging steps/min. (Record cards/min.)

3,000 §, D00 18, 000 60,000 126,999 420,000
Reeord cards Collating time {(min.} (haracters
0.3 0.2 0.05 0.05 .. .- 100, 060G
0.7 0.3 0,10 Q.03 0,02 . ... 200, 000
1.7 9.8 0.30 0.10 0, 05 0.01 500, 000
3.3 L7 0. 06 015 0. 10 0,03 1,000, 000
6.7 3.3 110 0. 30 0. 20 .05 2, 000, 000
16.7 83 2,60 9.85 0.40 0.15 5,000,000

Sorllng time (min.) independent of sorting word length

2.3 1.2 0,40 0.15 0.10 0,02 100, 000
4.7 2.3 9. 80 0.25 0.15 0.03 200, 000
13.3 6.6 2,20 0. 85 0. 35 0. 10 504, 000
30.0 15.0 5.00 1.50 0.75 0. 256 1, 000, 000
66, 7 33.3 1L 10 3.30 1.69 0. 50 2, 9469, 000
166. 7 83.3 28, 00 8. 30 4.00 1.30 5,000,000
366, 7 183.3 61, 00 18.30 9,00 2.30 10,000,000

As far as the upper half of Table X is concerned,
which refers to the merging only, the collating times are
constant and independent of the methods used whereas
there may be variations in the sorting time in the lower
part, for example an increases or a decrease caused by
increasing or decreasing the number of sorting tracks.
If, for example, only two sorting tracks are to be used,
the sorting speed will decrease as the group length is
built up only according to powers based on two. On the
other hand, in six tape sorting, six merging tracks are
used for the assembling, which provides a properly func-
tioning collator with all the advantages of six box col-
lators and with very considerable speeds. The sorting

speed at the lower group magnitudes will be increased as .

the groups are increased in magnitude in powers of six.

Table X indicates, in columns, different merging speeds
in steps per minute. The low speed is 3,000 merging steps
and the highest speed for serial serial recording to 60,000
merging stops. The merging speeds of 126,000 record
cards per minute and 420,000 record cards per minute
occur when, if comparable with tapes, seven channel
recording is used instead of serial serial recording so
that the serial recording applies only to the denomina-
tional orders of the digits but the binary elements of the
digit values are contained in parallel channels, as in
known tape operation,

Ten thousand record cards with 100 characters per
record card may correspond to 1,000,000 characters and
require, with a rotation speed of 1,800 r.p.m. and 10 sets
of heads at 18,000 merging steps per minute, 0.6 minute
merging time. Correspondingly, a speed of 6,000 r.p.m.
results in 60,000 merging steps and requires only 0.5
minute collating time for 10,000 record cards. This is
increased correspondingly to the merging steps on the
left, if, instead of having a plurality of signal heads on
the record, a reduction gear is utilized to provide only
one record head per track, as shown in FIG. 57. This
results in the merging step speeds of the first two columns,
as related to the operation of FIG. 57, whereas the merg-
ing step speeds in the third and fourth columns are re-
lated to the operation of FIG. 36 for serial serial record-
ing and the speeds in the fifth and sixth columns are for
seven channel recording and are related to the operation
of FIG. 56.

The corresponding sorting time is 5 minutes at a speed
of 18,000 r.p.m. for 10,000 record cards, independent of
the number of cards in the sorting field, and is 1.5 minutes
with 60,000 record cards. The sorting time increases con-
siderably when seven channels are utilized and decreases
when only one head is utilized with the track if the con-
ditions of the first two columns, relating to FIG. 57 are
in evidence.

Table X shows that most sorting speeds and collating
speeds above actual requirements may practically be
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for most practical purposes these speeds are already at
the upper limit of application.

At the present time, if the daily input of information
into a file is sorted, this usually results in not more than
10,000 record cards, for example, for one group of infor-
mations per sorting direction, even under quite consider-
ably heavy industrial conditions. This permits the build-
ing of the weekly and monthly groups simply by collating,
which requires almost a negligible time and may occur
directly within the files.

The present merging and sorting method avoids mag-
netic tape units with their disadvantages of stepwise
mechanical movements and the unsatisfactory conditions
resulting from the necessity of the tapes running through
all the unneeded information in many circumstances.
Present day file techniques permit the storing of rather
considerable quantities of characters directly within the
file system so that there may be merging and sorting by
the present method directly within the files themselves.
This is especially of value if the files are divided into
those parts which are frequently used and others which
require only a partial time of access. This permits a
very high speed condition for the maximum volume of
information passing through regularly, and permits the
introduction of selected items into the main speed device
at full speed to permit a combined handling of both parts
within the main file to permit any combinations according
to the economic necessities prevailing.

The present merging and sorting method combines all
the advantages of magnetic tape data handling with its
sorting and collating possibilities and the sequential or-
ders in groups of sequential orders, with the added advan-
tage of random access to such groups and scanning the
details or combining and merging such information
directly together.

(T) Crosswise tape recording and sensing

FIG. 70 shows the use of a tape with crosswise record-
ing through rotating heads 15404 to 1540n inverted on a
disc 1541 in transverse tracks 1539z to 1539n of the
tape and lengthwise recording in a track 1542 by a head
1543 for address numbers to permit the scanning of tape
information in a rapid manner under the control of ad-
dress signals in the track 1542, especially if the tracks
1539a to 1539# are kept in sequential order, and to permit
the scanning through selected detail information units by
the crosswise operation of the disc 1541 via the tracks
15394 to 1539a.

If the tape is fed in arrow directions 1544 and 1545
selectively, and not only in arrow direction 1544, this may
result in storage units of a random access type which
permit the packing of many volumes into a storage with
sufficient access, if the selection is made in the preceding
selective member in order to permit a direct transfer into
the main components. The tape may therefore be ar-
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ranged as a plurality of tapes in the same degree as if it
were lengthwise recorded tapes, but with the advantage
that the arrangement of FIG. 70 avoids unnecessary read-
ing of information units and permits the bypassing of
undesired information units at great speeds and the scan-
ning of only those information units which are needed.

Sprocket holes 1546a to 1546n may be used for operat-
ing the feed mechanism of such tapes in direct mechanical
contact, Optical or magnet registering devices for opera-
tion in selected tracks may of course be used. The arrange-
ment permits a random access for such parts which are
not wanted in an exchangeable manner similar to that for
record cards, but which may be stored in a more economi-
cal manner due to the speed conditions required or due
to infrequent use, which permits the selection of such
items before they are actually introduced into the arrange-
ment, if the operation is not able at that time to permit
direct handling of such data. This may often be the case
in sequential order data handling, especially with low cost
equipment,

(U) Combination of sorting and merging with serial drum
computer and comparing registers

In FIG. 71, a file storage 1553 on a shaft 1554 is con-
nected through a gear coupling 1555 to a motor 1556 and
a shaft 1557, A drum 1558 is mounted on the shaft 1557.
The ratio of the gear coupling 1555 may be such that
three rotations of the drum 1558 correspond to the sector
distance between signal heads for sectors passing between
signal heads 15594 and 1559b, and 1559) and 1559c.

Four signal heads 1559a, 15595, 1559¢ and 15594 may
be circumferentially positioned on a track 1561a of the
file storage 1553. Only three of the heads, 15594, 15595
and 1559¢, are shown in FIG. 71. A shiftable head 1559¢
may be provided for other tracks 15615 to 1561n provided
on the file storage 1553. The track 1561a may have a
storage area for 12 information unit informations, of
which three of such information unit informations, each
separated by gaps, are positioned between each pair of
adjacent signal heads 1559a and 15595, 15595 and 1559c,
and so on.

Four groups of tracks 1562a to 1562¢, 1563a to 1563c,
1564a to 1564c and 15652 to 1565¢ may be provided on
the drum 1558. Each of the tracks of the drum 1558 is
able to store one information unit in one track and the
respective tracks may be made switchable through gating
means. The information units in the track 1561a of the
file storage 1553 may be distributable into the four groups
of three tracks of the drum 1558, and this may permit the

use of the tracks 1562a to 1562c, 1563a to 1563c, 1564a :

to 1564c and 15654 to 1565¢ in the same manner by
switching heads above these tracks as the switching signal
heads in one of the three tracks 968z to 968c of FIG. 56.
The tracks 15624 to 1562¢ are loaded in a cycle of three
and the loading group is a total group of three. That is,
the content between the heads 15592 and 15595, 15595 and
1559¢, and so on, is three.

A track 1566 is provided on the drum 1558 to hold the
sorting words for the information units in tracks 1562a
to 1562¢, 1563a to 1563c, 1564a to 1564c, and 1565z to
1565c in one track by interlaced recording in the manner
of operation of a low cost drum computer. This permits
the comparison of the sorting word recorded in different
time instants within the track in a serial manner and with-
out additional storing requirements, directly from the
drum to the comparator unit.

In order to make the transfer possible, the sorting words
are transferred to clock positions. Storages 1567 and 1568
with driving means 1569 and 1571, respectively, are pro-
vided in an alternating manner, indicated by a link 1572,
to pick up the respective recorded information from the
track 1561a in a counter and gate controlled modification
of the arrangement of FIG. 57. The sensed or picked up
information unit informations are fed through a lead 1573
to an AND gate 1574, and from the AND gate 1574

10

15

20

30

o

40

60

65

70

130
through a lead 1575 to the storages 1567 and 1568, re-
spectively, in an alternating manner.

The storages 1567 and 1568 have a capacity of only
two times the sorting words, independent of the number
of necessary comparisons, since said storages are used
only for transfer into the rotary storage track 1566. A
character pulse generator 1576 is provided for the driving
means 1569 and 1571 and is operative under the control
of signals fed to it through the lead 1575. A control unit
1577 for selecling the sorting word for transfer includes
an adjustable counter 1578.

The signal heads 1559« to 15594 are connected through
AND gates 1579a to 1579d and the line 1573 to the AND
gate 1574. A counter 1581 drives the AND gate system
1579a to 15794 in dependence upon whether or not an
information is to be transferred. (FIG. 72). The counter
1581 operates in dependence upon sector pulses as does
the counter 10192 of the arrangement of FIG. 65.

Stepwise Track Switching

FIGS. 55 and 57 are arrangements requiring switching
from one track to the next track.

FIG. 72a is a displacement of an embodiment of a sub-
stantially spiral or helical track arrangement which il-
lustrates the gradual movement of a head from one con-
centric track to the next and FIG. 72b is a view of an
embodiment of a circular spiral track of the arrangement
of FIG. 72a. Track to track switching may be achieved
with usval known stepping mechanisms. It is, however,
desirable to avoid abrupt changeover from track to track.
In FIG. 72a, therefore, all the lines are representative of
a single continuous line, with line end 1587 connected
to line end 1588, line end 1589 connected to line end
1591, line end 1592 connected to line end 1593, line end
1580 connected to line end 1590, and so on. A slope 1594,
connecting the linear track portions 1595q and 15955,
represents the changeover of the head from track to
track.

The track may be produced by a signal head 1596
which is positioned on a bar 1597. The bar 1597 has a
row of teeth 15984 to 1598~ thereon and which may be
advanced in arrow direction 1599 against the action of a
spring 1601 by control lever means 1602. A control lever
1603 is pivotally mounted at a pivot point 1604 and it
may be held stationary by a magnet 1605 if no move-
ment is to occur. The magnet 1605 may also release the
control lever 1603 under the control of control means
1606. The control lever 1603 is then pressed against an
eccentric disc or cam 1607, which provides a combina-
tion of movements in a stepwise direction 1608, so that
said control lever is moved back and forth in a known
manner, in order to permit a stepwise moving forward of
the signal head 1596,

The contact position of the control lever 1603 and the
teeth 15982 to 1598n may be adjusted to an exact posi-
tion for holding the head 1596 within the track and the
eccentric condition of the disc 1607 provides the curve for
the slope portion 1594 of the track, in which recordings
and sensings are effected through the signal head 1596.
This type of operation therefore permits in such case,
where tracks are continuously used, an automatic ad-
vancing of the track without high speed. On the other
hand, if the track is not to be advanced, the operation
permits a very easy switching and maintaining of the
track in the same position relative to a simple spiral type
track operating under uninterrupted conditions.

This type of track switching control may be used with
the input discs 961 to 963 and the output discs 964 to 966
(FIG. 55), permitting at each termination of a rotation
of these discs an automatic switching over to the mext
tracks. On the other hand, the arrangement may be used
to permit a stepwise assembling of the information for
specific tracks 1074a to 1074c (FIG. 57) of the main
storage, so that the selective advancing of heads 1085,
1086 or 1087 (FIG. 57), and 1609, 1611 or 1612 (FIG.
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57) for the reverse movement has the same effect as
the switching of the signal heads 971a to 971j around the
track (FIG. 57). This permits an assembling of answered
informations.

If the heads have passed over ten information units, a
reverse operation of one of the signal heads 1609, 1611
or 1612 may occur to permit the filling of ten tracks in
the storage part 1082 and the filling of another set of
tracks in the storage parts 1082, 1083 and 1084 (not
shown in FIG. 57) may occur at the reversing steps of
said heads 1609, 1611 and 1612. Continuous operations
are thereby achieved and the assembling of each group of
ten informations for a transfer to the recording tracks
10742 to 1074c of the storages through a signal head
1613 may occur at the same time, while the picking up
or sensing of the information from tracks 1073a to 1073c
through a signal head 1614 occurs selectively. This pro-
vides a low cost merging device under the aforedescribed
conditions, but with stepwise advancing of signal heads
in long tracks instead of stepwise electronic switching
around these tracks. There is, however, a limitation of
speed. Combinations of such switching may be utilized
with other types of advancing means for signal heads.

The tracks, as shown in FIG. 72b, are concentric sub-
stantially circular tracks. Each of the tracks is joined to
the next adjacent one of the tracks by a track segment
which is substantially trangential to one of the adjacent
tracks and extends between the adjacent tracks. The join-
ing track segments enable the sensing and recording heads
to maintain continuous operative contact with the tracks.

Storage to Sorting Track Gearing

In FIG. 73, similarly to FIG. 57, a motor 1621 may
drive a storage 1622, having input and output tracks

16234 to 16231 and 16244 to 1624, respectively, through

a gear coupling 1625. If the gear coupling 1625 has, for
example, a ratio of 1:2.5, four heads 1626a to 16264,
operate with a storage 1620, of which only the heads
16264, 16265 and 1626¢ are seen in view of FIG. 73,
may be used in the same manner as the heads 971a to
971j of F1G. 65, but, of course, with reduced speeds
and a smaller number of heads. This arrangement may
be used if a low cost and lower speed condition is evi-
dent. Combination of the arrangement described with
reference to FIG. 57, permitting combination with the
main computers, with mechanical shaft coupling in order
to provide simplified transfer conditions between the main
storages and the computers and the sorting and merging
tracks, are thus possible.

Asynchronous Input of Information Units With Limited
Buffer Capacity and Rotatably Switched Heads

The rotatably switchable heads advance the counting
and gating system as described with reference to FIG. 15
and permit, if such heads are used as recording heads,
an asynchronous transfer of tape or other information of
dynamic storages from asynchronously running dynamic
storages to thz drum, as soon as the character rate or
the information unit rate on such dynamic storages does
not exceed the respective character rate or information
unit rate of the rotary disc or drum storages. This there-
fore permits a direct transfer from tapes to the file
system, if the track device is used as the input track
from which the information units are distributed to one
signal head tracks and to tracks in which sensing and
recording is by one shiftable signal head.

Tapes or other types of dynamic storages may thereby
transfer their information units without a stepwise move-
ment, or only for long periods of stepwise movements,
to the magnetic drum or disc. The transfer may be, for
example, for the purpose of merging or sorting in their
input tracks, for example, in the input tracks of storage
discs 961, 962 and 963, with limited buffer capacity.
That is, the capacity is equivalent to the storage capacity
of the magnetic surface between two adjacent signal heads
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of a plurality of signal heads 1633a to 1633n, for ex-
ample, 100 characters. This permits, therefore, a continu-
ous sorting, merging or selecting of informations without
the necessity of a stepwise control for the tape.

The transfer means needed for this purpose are shown
in FIG. 74 as a modification of the arrangement of FIG.
57. The information unit in formations which are to be
transferred may be stored on a tape 1634 in a serial man-
ner sensed only by one signal head 1635 and transferred
through leads 1636 and 1637, and AND gates 1638 or
1639 to buffer storages 1641 or 1642. Seven channel
recording with parallel signal heads may also be used.

Buffer storages of 100 characters each, for example,
storages 1641 and 1642, may be utilized in an alternating
manner to permit the intermediate buffering of each 100
information units which may comprise according to the
aforedescribed operations, the content of a sector between
the signal heads 1633a to 1633n around input transfer
track 1643. The signal heads are for the purpose of re-
cording and not for sensing. Sector pulses are sensed,
comparably to signal head 974, by a signal head 1644
and such sector pulses are supplied through an AND
gate 1645 to a counter 1646a to 1646n, which is com-
parable to the counter 1019z of FIG. 65,

The counter 16464 to 1646n drives a gate system
1647a to 1647n which controls the passage of pulses to
that one of the recording heads 1633a to 1633 which is
preferred for recording. Character pulse generating means
1648 and 1649, respectively, reverse, via leads 1651 and
1652, the character informations for the information units
and supply pulses through leads 1653 and 1654, respec-
tively, to the driving means 1655 and 1656, respectively,
of the storages 1641 and 1642, respectively, for the pur-
pose of recording. The alternating use of such storages
may be of the type described with reference to FIG. 68.

The general sensing lines 1657 and 1658, respectively,
of the storages 1641 and 1642, respectively, transfer the
informations through a line 1659 from which the signals
are fed to the conductive one of the AND gates 16474
to 1647n to the signal heads 1633a to 1633n for the
purpose of recording. As soon as, for example, an “end
of information unit” signal is detected by an end of
information unit generator 1662 which produces a signal,
signals from the driving means 1655 and 1656 indicating
the filling of the storages 1641 or 1642 may be provided.
These signals are supplied through a lead 1663 to a flip-
flop 1664 to switch over from recording to sensing con-
dition vial eads 1665 and 1666, and AND gates 1638,
1§39, 1667 and 1668, respectively, and to set preparing
flip-flop 1669 through a lead 1671.

The setting of the flip-flop 1669 prepares an AND gate
1672 so that the next following sector pulse through a lead
1672§ and delay means 1674 sets a flip-flop 1675. Similarly,
to flip-flop 996 (FIG. 65), the reset output of the flip-flop
1675 controls the AND gate 1645 in counter driving line
1676 for sector pulses from the signal head 1644 on a
track 1677, via a line 1678. The set output of the flip-flop
1675 controls, via a lead 1679 and the AND gates 1667
or 1668, the transfer of informations from the storages
1641 or 1642, to the main recording line 1661, through the
lines 1657, 1658 and 1659. The driving means 1655 and
1656 are operated by clock pulses sensed by the signal
head 1635.

The flip-flops 1675 and 1669 are reset by a non-delayed
sector pulse from the lead 1673 to the reset input of the
flip-flop 1675 at the end of the sector period. The resetting
of the flip-flop 1675 effects the resetting of the flip-flop
1669 by a pulse through a lead 1681, differentiating means
1682 and a lead 1683. General resets from lead point f
(FIG. 66) under general terminating conditions, as afore-
described, are provided through an OR gate 1684 in the
reset input lead of the flip-flop 1669, and through an OR
gate 1685 in the reset input of the flip-flop 1664.

Similarly to the control through the AND gate 10224
and the flip-flop 996 (FIG. 65), the advancing of the
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signal heads is by sector pulses sensed by the signal head
1644, operating at sector speed, to advance the counter
1646a to 1646n through the lead 1676 and the AND gate
1645. This results in always having the next free sector
available for receiving a transfer of information from the
sensing of the respective operative storage 1641 and 1642,
As soon as the storage 1641, 1642 is filled, the pulse is
supplied as aforedescribed and the flip-flop 1664 is set
or reset according to the conductive conditions of AND
gates 1686 and 1687 controlled by the reset and set out-
puts, respectively, of the flip-flop 1664 through delay
means 1688 and 1689, respectively. The flip-flop 1675 is
prepared through the flip-flop 1669 and the AND gate
1672 for the next sector pulse through the lead 1673. The
intermediate track 1643 is thus filled sector by sector one
after the other, according to the information under an
asynchronous condition, so that from the time instant of
recording the data in the track 1643 synchronous condi-
tions apply with reference to the main storage (FIG. 55).

The track of the storage areas of the main storage may
be a mechanically rotating part. Any dynamic storage
may thus transfer its information straight to a larger track
and rotating dynamic storages without the need for full
stationary storages for the whole track length or double
the track length or more. This exemplifies the simplicity
and flexibility of the arrangement as to the input condi-
tions. The output is rather simple since it may simply be
transferred from one signal head to record such informa-
tions directly on tapes since the tapes synchronize them-
selves in known manner.

Sorting and Merging—Interlaced—Fixed and
Variable Information Unit Length

(A) Introduction

The following disclosure describes a type of computer
which, in a described manner, permits the sorting and
collating of information units as well as calculating by
a described arrangement of the information units in a
rotary type of memory. The operations are performed in
a minimum of time.

The features of the system of this disclosure are as
follows.

(1) All processes which are frequent and which need a
great deal of time, function with a minimum of waste time.
That is, each time an information unit is available for
processing it is read and handled under the rules of the
process. In other words, a continuous stream of informa-
tion unit flows through the operation unit from the input
file to the output file.

(2) All processes have forms in which the macro in-
structions are equal to all information units handled in
the specific process. That is, there is no random access
to single information units. This avoids the very long
search time of random access. All information units are
handled in sequence.

(3) The information units are arranged in such a man-
ner on the storage that several information units are al-
ways available at one time. This is achieved by using
rotating switchable heads at the storages and by the inter-
laced system of recording the information units on the
storage. The interlaced system is hereinafter described.

(4) The information and instruction are combined.
That is, an information unit is adjusted to a certain time
clock, of which several are utilized in the described com-
puter. The information carries its instruction through the
different parts of the machine until the instruction can be-
come active.

The preceding features are based on the interlaced sys-
tem of storing information. Normally, an information is
recorded on a rotary storage by writing the bits of the
information sequentially without intermediate spaces. The
described computer has another bit arrangement on the
storages. For illustration purposes, it may be assumed that
the bits of an information unit are written on a storage
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track. The distance between the bits is large compared with
the distance in normal recording. Then, the second in-
formation unit may be written between the bits of the first
information unit. If the first bit of the second informa-
tion unit is stored just behind the first bit of the first in-
formation unit, the two information units are stored nearly
parallel on the same track.

There are always groups of bit places with the same
weight or code position. The first bit place within such
a group of two always belongs to information unit 1,
the second bit place belongs to information unit 2. This
manner of storing information units permits the prepa-
ration of one read head for reading the first or the second
information unit during the same time. The instruction
has only to decide whether the first or the second bit
within the groups of bits must be selected. This type
of recording would be a two times interlaced system.
Information unit 1 is said to be stored in channel 1 or
time slot 1. Information unit 2 is said to be stored in
channel 2 or time slot 2.

The described computer utilizes a four times inter-
laced system. Thus, each group of bit places with the
same weight consists of four bit places to store the
bits of four independent information units. One read head
reads four information units and the following circuitry
can select one of the information units under the con-
trol of the instruction.

Feature 1 indicates that often used processes are per-
formed with a minimum of waste time. This is explained
in the process of sorting, since sorting is the main opera-
tion and a preliminary operation for all other processes.

Sorting of information units means reading the refer-
ence numbers of the information unit, comparing them
with those of other information units and selecting the
information unit with the highest or lowest reference
number, according to the instruction. One information
unit, selected by the comparison of its reference num-
bers with those of other information units, is transferred
to another storage just behind the previously selected
information unit. Thus, the different operations which
are directed by the storage program, must be arranged
in such a manner that each time an information unit
may be selected, it will be selected. This can only be
done by performing different operation steps at the same
time but with different information units.

The different operation steps are:

(1) Select the characters from the information unit
and combine them to form the sorting word.

(2) Arrange the selected characters in a predetermined
sequence.

(3) Adjust the newly formed sorting word in time
to the sorting words of other information units so that
they may be compared.

(4) Compare sorting words of different information
umnits,

(5) Select an information unit under the control of
the comparison result.

(6) Store the selected information unit in another
storage.

(7) Replace the selected information wunit with the
next following information unit of which the sorting
word has not yet been compared with the other sorting
words,

These different operation steps are of course not the
whole sorting program, but they show what is to be done
in the time an information unit can be read. It is assumed
that two groups of information units are to be merged.
One group contains all information units with odd sort-
ing words and the other has even numbers in sequential
order. This simplifies the problem. It is also assumed
that the process has come to sorting word “20” and is in
full speed.

Information unit “20” is ordered to be selected by
the preceding comparison with information unit “21.”
Information unit “20” is stored in a storage where all
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preceding information units are stored in their sequential
order. During this time, the comparator unit compares
the sorting words of the information units “21” and “22.”
Both these information units must be ready to be trans-
ferred immediately after the information unit “20.” Thus,
at the end of this time period, which has the length of
one normal information unit, the sorting words of the
following information units “23” and “24” must be able
to replace the sorting word of information unit “21” or
“22” at the same time that the comparison is made.
The preceding comparison result involved an infor-
mation unit of the same group, so the sorting word of
information unit “24” must be prepared in this time
period. The sorting word of information umit “23” is
already in a storage, waiting 1o replace the sorting word
of information unit “21.” The time that information unit
“20” needs for the transfer is therefore utilized for
preparing the sorting word of information unit “24.”
That is, every time an information unit is selected by

the comparison result, the sorting word of the next fol- 2

lowing information unit is handled in the comparator and
the sorting word of the second following information unit
is prepared.

This principle is also used in calculating processes.

The continuous stream of information units may, how- »

ever, be interrupted if the calculation program needs
more than one information unit time. In a following
disclosure, the described system functions as a three way
merging system, The difference between the different sys-

tems changes nothing in the sequence of operations. :

When the interlaced system is utilized for this program,
the comparator result need only change the channel, be-
cause the information units of the different groups of
informations are stored in different channels of the same
track.

Another advantage of the interlaced system is the
exchange of the information units, fields, words charac-
ters, or bits with great facility and ease. An information
unit stored in channel 1, for example, may replace an-
other information unit stored in channel 3 by being
delayed for two sub-bit places.

As described hereinafter, an information unit may be
connected with an instruction by storing the information
unit in a specific channel if the channel means an instruc-
tion. If the instruction is, for example, delay the infor-
mation for 1 to 3 field times, no delay is connected with
channel 1, 1 field time delay is connected with channel 2,
2 field times delay is connected with channel 3, etc.

Thus, if an information is to be delayed for 2 field
times, it is transferred to channel 3. But before being
delayed, it may be handled in other program steps, which
are independent of the channel in which an information
is stored. As hereinafter described, this system may be
advantageously utilized in arithmetic processes.

As described hereinafter, the process may be enlarged
upon and enhanced by utilizing switchable heads and
storing a multiple of 4 information units around a track.
If the figures are for a system having storing tracks
holding 2 times 4 information units, there are 2 groups
of 4 interlaced information units positioned around the
track.

The entire sorting process is accomplished in several
runs of the information through the arrangement de-
scribed and illustrated. At first, all the information units
are split into three groups of information. In the first run,
one information unit of each group of information is
stored. The information units are stored in sequential
order and form a sub-group of three information units.
All the sub-groups are again split into three groups of
information. This is accomplished by storing the first,
fourth, seventh, tenth, etc., sub-groups in one file, the
second, fifth, eighth, eleventh, etc., sub-groups in a sec-
ond file, and the third, sixth, ninth, twelfth, etc., sub-
groups in a third file.

In the next run, these files again form an input file. In
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the second run, three sub-groups, one sub-group of each
file, are combined into a new sub-group of 9 information
units. The 9 information units are stored in sequential
order in accordance with their sorting words. All the sub-
groups are then split into three groups of information.
The information units must be run through the arrange-
ment as many times as is necessary for all the informa-
tion units to belong to the same sub-group, which is equal
to the first group of information.

The hereinafter described system handles information
units of fixed length, but with variable sorting word length.
Sometimes, the variable sorting words are changed to
sorting fields with fixed length. Thus, an information
unit may have up to, for example, 128 characters but is
handled in nearly the same manner. The sorting words
may be positioned somewhere in the information unit,
but for handling they are positioned in fixed fields of 8
characters which always start with the first, ninth, seven-
teenth, etc. character of the normal information unit. De-
scribed systems also handle information units with vari-
able length as variable information unit length.

As aforementioned, each track of the three-way merg-
ing system has a length equal to two normal information
units which are four times interlaced. Information unit
1 is stored in channel 1 in the first half of the track and
information unit 2 is stored in channel 1 in the second
half of the track. Information unit 3 is stored in channel
2 in the first half of the track and information unit 4 is
stored in channel 2 in the second half of the track. In-
formation unit § is stored in channel 3 in the first half
of the track and information unit 6 is stored in channel
3 in the second half of the track. Information unit 7 is
stored in channel 4 in the first half of the track and in-
formation unit 8 is stored in channel 4 in the second half
of the track.

In the hereinafter described system, the presensing and
transfer storage is first loaded and the information units
are then arranged on the output file. To obtain a simple
program, the information units are arranged on the pre-
sensing and transfer storage in other channels than on
the input file. The information units of the input file 1
have to be stored in channel 1, those of the input file 2
in channel 2, and the information units of the input file
3 must be transferred into channel 3. To achieve this,
together with the possibility of quick replacement of in-
formation units on the presensing and transfer storage,
a prestorage is utilized to hold the information units al-
ready in the channels corresponding to the input files.

A similar arrangement is made for the transfer of in-
formation units from the presensing and transfer storage
to the output file. Due to the splitting of the information
units into three groups of information, however, the
conditions are different. This is especially due to the
fact that the sub-groups contain multiples of three infor-
mation units whereas a track can store only 8§ information
units. Thus, sub-groups rarely end with the end of a
track. The rest of a sub-group must therefore be stored
in a reassembling revolver. The control unit of the re-
assembling revolver always has to remember where the
next information unit of the same group of information
must be stored. The transfer of information units from
the reassembling revolver to the output file may be ac-
complished channelwise or trackwise. The following de-
scription illustrates one type of reassembling revolver for
only channelwise read out.

Tt is also possible to use tracks with 3 information units
around a track, each three times interlaced, so that there
are 9 information units in a track. In this case, the sub-
groups always end with the end of the track, with the
exception of the first run, However, the system requires
a more complex presensing and transfer storage.

The information unit starts with a special signal and it
ends with the same signal. In the figures, the first signal
is called “SI” (start of information unit) and the last
signal is called “EI” (end of information unit). The second
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character of an information unit provides the code or
form. After the “EI” signal, there may be a character for
a signal “NG” (new group) which means that the next
following information unit belongs to another sub-group.

(B) Interlaced storage of information units

The circuit arrangement of FIG. 75 illustrates the con-
trast between an arrangement in which the information
units are stored in sequence and a system in which the
information units are stored in an interlaced manner. It
is assumed in FIG. 75 that there are two information units
around a track each 4 times interlaced.

In FIG. 75, the main storage is input file 1696 of
which four tracks 1697a, 1697, 1997¢ and 16974 are
shown. These tracks may be on different discs. Each
track has its own read-write head 16984, 16985, 1698¢
and 16984, respectively which may be mounted on differ-
ent arms which are movable over the different discs of
the storage 1696. There are two additional tracks 1699«
and 16996 which function as assembly tracks. A read-
write head 1701a is positioned on the track 1699z and a
read-write head 17015 is positioned on the track 16995. A
read head 1702q is positioned on the track 1699q dia-
metrically opposite the head 17014 and a read head 17025
is positioned on the track 16995 diametrically opposite
the head 17015- The distance between the heads 1701a
and 1702¢ and between the heads 17015 and 17025 is
therefore one information unit length.

The two tracks 1699a and 16995 may be loaded by the
heads 1698a, 16985, 1698¢ and 16984 via an AND gate
1703 controlled by a loading control unit 1704 and by the
combination heads 1701z and 1701b. The read signals
from the combination heads 1701¢ and 17015 and from
the read heads 17024 and 1702b are fed to presenting
control 1705 and transfer control 1706.

Information units passing through the presensing con-
trol 1705 are used for selecting their control fields or
sorting fields at an AND gate 1707 by a field selector
1708. The selected fields are compared with those of
other information units in a comparator 1709. The com-
parison result in a line 1711 controls the presensing and
transfer control 1705 and 1706 via a line 1712 and the
loading control of the assembly tracks via a line 1713.
The comparison result signal in the lines 1711, 1712 and
1713 has only to determine in which of the interlaced
chanmnels the information unit which must be handled is
stored.

The position of the respective information unit on the
two assembly tracks is automatically determined by the
presensing and transfer control 1705 and 1706. The load-
ing control 1704 also determines from where on the input-
output file 1696 the information unit must be read and
where such an information unit must be stored on the
two tracks 16992 and 16995. Information units passing
through the transfer control 1706 are fed via a line 1714
to a reassembly control 1715 where they receive the new
address of their storage positions in the input-output file
1696. The information units may be stored by the write
portions of the combination heads 16984, 16980, 1698¢
and 1696d.

(C) System for transfer of data under control of selected
field of information unit

FIGS. 76a and 76b, referred to as FIG. 76, indicates
an improved manner for the transfer of information units
between input and output means, of preferably rotary
type, for the purpose of collating or sorting information
units under the control of selected fields of such informa-
tion units. FIG. 76 is a schematic block diagram of an
embodiment of a data transfer system of the data handling
system of the present invention and illustrates the principal
transfer circuits from the input means through a buffer
file to the processing memory and back to the buffer file
for te purpose of bufering the output and from the out-
put to an output means. FIG. 76 thus presents an overall
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illustration of the transfer and control functions. The de-
tails of the circuitry of the different blocks of the block
diagram are shown in the following figures.

The system of FIG. 76 is utilized, as is that of FIG. 55,
in the processing of sorting operations. The information
unit informations sorted have a fixed information unit
Iength of, for example, 128 characters. The sorting is ef-
fected under the control of sorting field groups in which
up to four sorting fields from the fields in the informa-
tion unit may be selectively included for the purpose of
control. The selected sorting fields permit the selected
transfers in one passage for a combination of up to four
such fields, each having up to 8 characters. The selection
of which of the fields is used for the control and the con-
dition of which of the sorting fields will be used as a
major, a medium, a lower, and a minor sorting group are
well controlled.

Within the time period which corresponds to the pass-
ing of the characters of an information unit of 128 char-
acters (which may be up to capacity, or not) a compari-
son must occur between the sorting field groups of three
different information units, each of which is in a different
transfer circuit, as aforedescribed. The information unit
having the least significant one of said sorting field groups
is transferred as a result of such comparison.

In order to provide a presensing of an information unit
for the purpose of preparing the comparison and a select-
ed transfer as a result of and under the control of the
comparison, a plurality of information unit informations
are stored in a processing memory 1722. The memory 1722
is preferably a rotating memory having two tracks 1723a
and 1723b for the recording and sensing of the informa-
tion. As hereinafter described, the rotating processing
memory 1722 may be a flexible disc and each track may
have a capacity of eight information units. Each of the
tracks of the memory 1722 may store two information
units from three different groups of information units in
an interlaced fashion.

The information unit information in the two tracks
1723¢ and 17236 is read continuously by signal heads
1724a, 1724b, 1724¢ and 17244 and is conducted through
leads 17254, 1725b, 1725¢ and 17254, respectively, to
AND pate circuits 1726a, 17265, 1726¢ and 17264 and
1727a, 17275, 1727¢ and 1727d. One of the three informa-
tion units in a track is selected under the control of a
comparator unit 1728 which receives presensed informa-
tion from a presensing control station 1729 and deter-
mines by means of the AND gates 1727« to 1727d which
information unit of the three information units output is
to be selected. The selection may be on the basis, for ex-
ample, that it is the least significant sorting field group,

The signals of the selected information unit are trans-
ferred through an OR gate 1731 and a line 1732 to a
field selector and word sequence circuit 1733. The circuit
1733 selects fields required to form the sorting field group
from the information in a programmed manner. At the
same time, the fields are assembled into a sorting field
group according to their relative values or magnitudes.
The sorting field group represents the fields in sequential
order beginning with the major group and sensing the
medium, the lower, and the minor group for the purpose
of sorting.

After the termination of the selection and rearrange-
ment of sorting fields, the new sorting field group is trans-
ferred through a lead 1734 to a buffer revolver 1735. The
buffer revolver circuit 1735 includes each sorting field
group of up to each four words from each of the three
information units stored in interlaced manner in the tracks
1723a and 17235 of the processing memory 1722, As soon
as the comparator unit 1728 has established that a certain
information unit is to be transferred, it is desired that the
sorting field group belonging to this information unit be
replaced by the sorting field group of the following in-
formation unit recorded in the tracks 1723a and 17235b.

The following sorting field group is kept ready in the
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buffer revolver 1735 and is conducted, according to the
signal “1,” “2,” or “3” to output leads 17364, 1736b and
1736¢c of the comparator unit 1728. The sorting field
group is also transferred from the buffer revolver 1735 to
a storing revolver 1737 through leads 1738 and 1739 and
to the comparator unit 1728 through the leads 1738 and
1741. The comparator unit 1728 simultaneously receives
the other two sorting field groups via a lead 1742 from
the preceding comparison for a new comparison to estab-
lish which one of the next three information units is to be
selected as the least significant available sorting field
group.

The selected sorting field groups are compared with
the new sorting ficld groups in the comparator unit 1728.
The result of the comparison is stored in a first group of
flip-flops of the comparator 1728 and is transferred from
said flip-flops at the end of the information unit standard
time period to the inputs of a second group of flip-flops,
as is hereinafter described. The transfer control of instruc-
tions is derived, at the beginning of an information unit
sector from the switching conditions of the first group of
flip-flops of the comparator 1728 according to the set
or reset conditions of the second group of flip-flops there-
of. This step not only includes the transfer of the selected

information unit, but also includes the replacement of ¢

the sorting group field of the selected information unit
in the storing revolver 1737 by the sorting group field
which is available in the buffer revolver 1735, The re-
placement of a sorting group field by a new one is com-
bined with a selected sensing of the new sorting group
field of the next succeding information unit information in
the track 1723a or the 1723b by presensing control unit
1729.

The presensing control unit 1729 is controlled by pulses
in a lead 1745, The selection of the signals for the selected
information unit information occurs under the control
of a transfer control unit 1746 which is controlled by
pulses in a lead 1747 and by means of the AND gates
17264 to 17264 in cooperation with the signal heads 17244
to 1724d upon a transfer through the leads 17254 to
17254 and through an OR gate 1748 to a lead 1749. The
storage discs of input-output file 1751 store eight informa-
tion units in each storage track.

Synchronization of the storage discs of the file 1751
and the storage disc or memory 1722 is provided by
mechanical couplings or by synchronous motors operat-
ing in the same power supply network. The synchoniza-
tion does not require bit or character synchronization,
because the bufer or transfer between discs by intercon-
nected delay lines included in the transfer means is pro-
vided for storage delay capacity for one or more char-
acters and operates under control conditions to adjust
the transfer in the right manner. In the arrangement of
FIG. 76, the file 1751 has a rotation speed of only 1,800
r.p.m., whereas the processing memory 1722 has a rota-
tion speed of 7,200 r.p.m., or four times the speed of
discs 1752a to 1752k. The discs 1752a to 1752k may be
driven by a synchronous motor 1753 which may operate
from the same power supply as other input and output
means through a power input lead 1743.

The loading of the tracks 1723a and 1723b on the
processing memory 1722 with new information units
occurs in the following manner. The input information
unit information recorded on the storage discs of the file
1751 are transferred through signal heads 17544 to 1754)
and leads 17554 to 1755¢ to AND gates 1756a to 1756c¢.
At the AND gates 17564, 17565 and 1756c, the informa-
tions are provided under control of an information unit
selector 1757 which provides interlaced bit time clocks
each of which bit time clocks is coordinated to a respec-
tive channel or track of an information unit group from
the discs of the file 1751. Each information unit informa-
tion in an information unit group on one of the discs 1752a
to 1752k may be provided with one of the time periods
“1” to “3,” so that an input from three different discs
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results in three interlaced bit times or time periods upon
the transfer to the disc.

The information unit informations are fed through an
OR gate 1758 and a lead 1759 to AND gates 1761a to
1761d which distribute said informations under the con-
trol of a track switching unit 1762, to one of tracks 1763a
to 1763d of the processing memory 1722 through writing
heads 1764q to 1764d. The information unit informations
remain recorded in the tracks 1763a to 17634 until they
are selectively picked up or sensed by a loading unit 1765
for transfer to the assembly tracks. The selective sens-
ing occurs under the control of the assembly track load-
ing unit 1765 via the leads 17364, 17360 and 1736¢ in
accordance with the result of the last comparison of the
comparator 1728.

At the next suitable time, which is dependent upon the
position of the processing memory 1722 with respect to
reading heads 1766a to 1766d on the tracks 1763a to
17634 and the writing heads 1767a and 17675 on the
tracks 1723aq and 1723b, the information unit informa-
tions are transferred via the reading heads 17664 to 17664,
leads 1768a to 17684, AND gates 1769a to 17694 con-
trolled by the loading unit 1765, an OR gate 1771 and
AND pgates 1772a and 1772b controlled by said loading
unit, via leads 1773¢ and 17735 to the tracks 1723« and
17235, respectively, via the writing heads 17672 and 17675
and they are stored there ready for processing.

The input and output of the information unit informa-
tion from or to the input-output storage means or other
input-output means occurs through the input-output file
1751. A plurality of input-output leads are provided of
which only one is shown in FIG. 76, The input informa-
tion is fed through a lead 1774 and AND gates 17754 to
1775¢ which distribute the information unit informations
to the storage discs 1752a to 1752k via the signal heads
1754a to 1754j of the storage 1751 selectively under pro-
gram control from a program unit 1776. Information unit
informations are transferred directly to the respective
ones of writing heads 17774 to 1777j. Output leads 17784
to 1778¢ extend from the leads 1755a to 1755¢ and are
controlled via AND gate 1779q. Finally, information unit
informations reach an output lead 1781,

Timing belt 1783 is merely a belt with a fixed time of
rotation; it is a gear coupling arrangement. General
stepper 1784 is a mechanical stepping mechanism, elec-
trically controlled as disclosed in FIG. 72, for controlling
the movement of the heads 1754a to 1754j and 1777a to
1777j on the discs 1752a to 1752k,

An AND gate 1785 passes signals in the line 1749
under the program control of the program unit 1776 and
of the clock pulses. A time control unit 1786 is connected
in the line 1749 and comprises two bit storages which
function to shift the time clocks for recording on the
discs 1752a to 1752k. Each bit storage is a trigger, gated
at its output, which therefore functions as a bit storage
to control the time clocks for recording on the input-
output file 1751.

As mentioned hereinbefore, the transfer of information
from the file 1751 to the storage 1722 and from the stor-
age 1722 back to the file 1751 is controlled by the com-
parison result signal. The transfer of information units
between the input and output storages 1, 2 and 3 and the
file 1751 is controlled by the program unit 1776. FIG.
76b shows the transfer control for input-output storage
1 only. The input control 17754 for the file 1751 receives
control signals from the program unit 1776 via line 1716a.
The control lines to the input-output storages 2 and 3 are
17166 and 1716¢. The transfer from the file 1751 to the
input-output storage 1 is controlled by AND gate 1779a
which is fed the control signal from the program unit
1776 via line 1717a. The control signal indicating where
the information is to be stored in the input-output storage
is provided by the storage field selector 1782 which is fed
a signal from the program unit 1776 via line 1718a. The
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program unit 1776 is connected to the information unit
selector 1757 via line 1719.

The various input-output storages are synchronized
with the file 1751 by a synchronizer 1740 connected be-
tween a synchronous motor 1730 and the drive shaft of
the input-output storage. The synchronizer 1740 functions
similarly to the arrangement of FIG. 55a.

(D) Sorting

FIGS. 77a, 77k and 77c, referred to as FIG. 77, is a
schematic block diagram of an embodiment of the sort-
ing portion of the arrangement of FIG, 76 and illustrates
how a new information unit information is selected f[‘Ol’fl
the tracks 1723a or 17236 by the presensing control unit
1729 in accordance with the result of a comparison made
in the comparator unit 1728. FIG. 77 also illustrates the
formation of the sorting field group contained within the
information unit and its transfer through the field selector
and word sequence control unit 1733 in a rearranged se-
quence of words to the comparator unit 1728 which
controls the transfer of the information units which are to
be selected.

In accordance with the set or reset condition of flip-
flops 1793 and 1794, information units are read in the
hereinafter described method from the tracks 17234 or
1723b and are transferred to the lead 1732 through the
AND gates 17274 to 1727d and the OR gate 1731. A
flip-flop 1795 does not at first permit the passage of any
signals, since it does not receive clock pulses. The infor-
mation unit information is therefore transferred through
a lead 1796 to a signal identifying unit 1797 representing
the format of the information unit. The signal identifying
unit 1797 permits the passage of the next following char-
acter after the signal “EI” which indicates the “end of in-
formation unit” and the start of the next following infor-
mation unit and the following character identifies the
format of the information unit with respect of the use of
its different fields or the different purposes of their applica-
tion.

The format identifying signals are transferred to a for-
mat control unit 1798 via a line 1799. The format control
unit 1798 includes a different output 1801« to 1801n for
each possible type of format. In FIG, 77, four of the out-
puts 18014 to 1801x, referring to four different types of
formats of information units, are shown. The output leads
18012 to 1801n, are connected to a field selector and
word sequence unit 1802, In the field and word sequence
unit 1802 for each type of information unit it is indicated
which of the fields of the input information unit informa-
tions are to be selected and in which sequence these fields
are to be merged for a sorting field group having the
desired sequence of field combinations with respect to
major, minor, lower and least significant fields. For each
of the types of information units, up to four of the se-
lected fields may be used in any random sequence with re-
spect to their relative position to each other.

At the beginning of each of the fields, output leads
18032 to 18034 supply signals for different characters
according to a program in which a respective character is
always provided for a field. These characters may be in
sequential order in the information unit. Thus, the indica-
tion of these characters, together with their sequential
order, provides the programming word code permitting
the identification of the coordination and of the rearrange-
ment of the fields selected for sorting into sorting field
groups, The signals supplied from the character genera-
tors through the output leads 18034 to 18034 according
to the program and sequence of field selection are com-
pared in a comparator 1804 with the identifying signal
of the following field of the following new information
unit information.

The start of the comparison occurs upon the entering of
the signal EF (end of field) in an information unit in-
formation. The signal EF is identified in an EF signal
identifying unit 1805 which produces in a lead 1806 sig-

30

40

50

60

65

70

75

142

nals for the generation of the field signal that is to be
compared with the signals in the output leads 1803z to
1803d. The field signal is generated in a generator which
is advanced at each incoming EF signal beginning with
the character A and advancing at each EF signal by one
character in alphabetic sequence. Thus, each input infor-
mation unit indicates its different fields by one character
is alphabetic sequence which is compared with the pro-
gram characters generated in the four different field posi-
tions in the field selector and word sequence unit 1802.
The field signal generator may be any suitable known type,
such as, for example, a record card or stock program
type generator as hereinafter described.

In accordance with the desired arrangement of the
fields within the sorting group, a signal is supplied by the
comparator unit 1804 upon coincidence between the pro-
grammed and the incoming character and is delivered
through one of leads 1807« to 18074 to a signal unit
1808, The signal unit 1808 receives time signals through
its inputs 18092 to 18094 which operate in synchronism
with the cycle time of the revolving circuit for the sort-
ing field group as hereinafter described. The signal unit
1808 generates a signal on behalf of the programmed
position of the next incoming field in one of the leads
1807a to 1807d in accordance with the time of input of
the signals of the respective fields. The required delay
in route periods is determined by the signal in one of the
leads 1809z to 18094 in order to rearrange the sorting
fields within the revolver circuit in correct time relation-
ship to the other words of the sorting field group.

Due to the sorting field group subdivision into four
words, a maximum delay period is three word periods of
eight characters each. In accordance with the required
word period delay, the signal unit 1808 supplies an identi-
fying bit clock 0, 1, 2 or 3 through leads 1811« to 1811d
to OR gate 1812. The flip-flop 1795 is controlled through
a lead 1813 in which the information selectively derived
for the sorting group field is coordinated to the respec-
tive word delay, and therefore to a respective word se-
quence within a sorting field group, by controlling the sub-
bit times 1, 2, 3 and 4 in accordance with the required
delay between “0” to “3” words.

In a following portion of the arrangement, the selected
information is delayed by as many character time periods
as the least significant order of the word arrives before
the beginning of the succeeding word’s time period. In
order to achieve this, a counter 1814 is advanced when-
ever a character which is not to be selected passes through
the lead 1732. The counter 1814 has a plurality of out-
puts which control the inputs of a plurality of delay
lines 18154 to 1815k through AND gates 18164 to 1816k
to control the required character delay. Upon the enter-
ing of the field word information which is selected for
the purpose of confirming a part of a sorting field group,
the counter 1814 is held in its then obtaining stepping
condition and is not advanced. This is achieved by making
an AND gate 1817 non-conductive under control of a
flip-flop 1818 by means of signals in the leads 18074 to
18074, leads 1819« to 18194, OR gate 1821 and lead
1822. The sorting field group information then passes
through that one of the delay lines 18154 to 1815h
which is connected in circuit thereby.,

The beginning of the selected word leaves the delay
line system at the beginning of the first character time
of the next following word time period and enters a word
delay arrangement 1823a to 1823d from the respective
delay line through an OR gate 1824 and a lead 1825. As
soon as the next EF character signal arrives at the EF
signal identifying unit 1805, an input signal in a lead 1826
is fed to the counter 1814 to advance it.

The selected fields of information unit informations are
then fed together to the delay line system 18234 to 18234
but in different time periods. Since AND gates 18274 to
18274 are controlled by the four time signals in the four
different bit times or clocks, only those of the sorting field
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group signals corresponding to the final correct time posi-
tion may pass within the respective bit clock. These
sorting field group informations are then transferred
through an OR gate 1828 to a flipflop 1829 in which
the information is positioned in a standard clock or time
period, namely sub-bit time “1”.

In a following flip-flop 1831, the sorting field informa-
tion is positioned in that one of the three bit times or
clocks which is coordinated to the group of information
unit informations to which it belongs. The sub-bit clock is
supplied to all four fields of the sorting field group, and is
controlled by the set inputs of flip-flops 1832¢ to 1832¢
AND gates 1833« to 1833c and OR gate 1834, The read-
justment of the clock occurs after the sorting word has left
the word delay arrangement 18234 to 1823d.

After the sorting field groups have been positioned in
their new clocks and time periods they are fed through
a lead 1835 and an OR gate 1836 to a buffer revolver
1837. The buffer revolver 1837 is able to accept three

sorting field groups, each having four fields, each with a ¢

maximum of eight characters, since it records three times
32 characters.

The feedback of sorting field group information from
the output of the revolver 1837 to the input thereof occurs
through leads 1838, 1839 and 1841. The feedback is con-
trolled by an AND gate 1842, which is controlled by a
contro! signal in lead 1843 and is derived from the outputs
1736a, 17365 and 1736¢ of the comparator 1728«, 172856
and 1728c¢ in the hereinafter described manner. The com-

paring of the sorting field group occurs after it is derived :

from a revolver 1844. The revolver 1844 is able to hold
three sorting field groups each having four fields with a
maximum of eight characters each in a three bit times
interlaced manner. The feedback of the sorting field group
informations to the revolver 1844 is through a lead 1845,
an AND gate 1846, a lead 1847, an OR gate 1848, and a
lead 1849, The feedback is controlled by the AND gate
1846.

A new sorting field group is fed to the OR gate 1848
through a lead 1851, The new sorting field group replaces
the respective preceding sorting field group, which is
blocked by the non-conductive conditions of the AND
gate 1846. An AND gate 1852, which is connected in
common between the leads 1838 and 1851, is controlled
for this purpose by a signal in a lead 1853, which also
controls the AND gate 1846 via a lead 1854 after being
inverted in a signal inverter 1855.

When input AND gates 1856a to 1856¢ are made con-
ductive by the comparing start signal Cpr in a lead 1857,
the three sorting field group signals are fed to the com-
parators 1728a to 1728¢ in their sub-bit times or clocks
through said AND gates. The sorting field groups are
separate from each other by the sub-bit time or clock time
fed to the AND gates 18564 to 1856¢ through leads 1858a
to 1858¢. The sorting field group 1 is fed through a lead
1859 to the comparator I-II (1728«), and through a lead
1861 to the comparator I-IIT (17285). The sorting field
group II is fed through the AND gate 18565 and through
a lead 1862 to the comparator I-1I (1728a) and through
a lead 1863 to the comparator II-11I (1728c). The sorting
field group TII is fed through the AND gate 1856¢ and
through a lead 1864 to the comparator II-TII (1728¢)
and through a lead 1865 to the comparator I-111 (17285).

Every two sorting field groups are compared with each
other in a bitwise manner in each of the comparators
17282 to 1728c. The comparator units 17284 to 1728¢
each have two output leads 18664 and 1866bh, 1866¢ and
18664, and 1866 and 1866f in accordance with the basic
operation of this type of comparator. The comparison
result of the three single comparisons is derived via leads
18674, 1867b and 1867¢ by a comparison of the results of
the single comparator outputs logically connected to
AND pgates 18684 to 1868c. The comparison result is
released by a signal EII plus SSC which is hereinafter
described.
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In dependence upon the program control of respective
leads, a signal is obtained, of which the coordinated sort-
ing field group of the information unit is either the high-
est or the lowest significant value according to the preced-
ing comparison. The lead 18674 is coordinated to the sort-
ing field group 1, the lead 18675 is coordinated to the
sorting field group II and the leads 1867¢ is coordinated
to the sorting field group III. The result of the compar-
ing procedure is stored in flip-flops 1869q, 18695 and
1869¢ until the selected information unit information . is
selectively transferred. As soon as the EII signal of this
information unit information is in a lead 1871, the com-
parison result is erased. One of the flip-flops 18694, 1869h
and 1869c is then made conductive by one of the AND
gates 1868a to 1868c¢ for the next comparison result,
which is already in the comparators 17284 to 1728¢c. After
the entering of the new comparison result, the following
operations occur.

First, the selected information unit information is trans-
ferred from the track 1723« or the track 17236 of the
processing memory 1722 (FIG. 76) to another storage.

Then, the coordinated sorting field group is derived
from the storage revolver 1844.

Then, the sorting field group is replaced by the sorting
field group of the next following information wnit in-
formation selected from the track 1723q or the track
1723b.

Then, the next sorting field group of the same informa-
tion unit information is formed.

Last, the loading procedure for the tracks 17234, 17236
and 1763« to 17634 (FIG. 76) is controlled.

These five procedures are controlled by the outputs
1736a to 1736/.

The leads 17364, 1736e¢ and 1736f select within a sig-
nal unit 1872 the clock time of the time period of the
selected information unit information of the coordinated
sorting field group. Therefore, only one bit time or clock
information appears at each of outputs 1873« to 1873¢ of
the signal unit 1872. This information reaches an AND
gate 1874 via an OR gate 1875 and a lead 1876. Upon the
arrival of a new comparison result, a flip-flop 1877 is set
by pulses fed through leads 1736g, 17364 and 1736,
through an OR gate 1878, a lead 1879 and a one shot
multivibrator unit 1881, which makes the AND gate 1874
conductive through a lead 1882.

The flip-flop 1877 is reset by a signal in a lead 1883
after a time period of four field lengths and the AND
gate 1874 then becomes non-conductive. Thus, during a
time period of four field lengths, which corresponds to
the time period of the sorting field group held in the
revolvers 1837 and 1844, the sorting field information in
the bit time period for the selected information unit in-
formation enters a lead 1884. The information is inverted
by the inverter 1855 and erases the sorting field group
coordinated to the selected information and in the revolver
1844 by not feeding it back to its input line. Simulta-
neously, the AND gate 1852 is made conductive through
the lead 1853 for the next following sorting field group
contained within the same time period, bit time or clock,
so that this sorting field group is fed to the revolver 1844,

The sorting field group which was fed to the revolver
1844 was removed from the revolver 1837 under the
control of the AND gate 1842 which is operated via a
lead 1885 and an inverter 1886 and the lead 1843, in
order to provide for the recording of the sorting field
group which is to be newly formed. The transfer of a
sorting field group from the revolver 1837 to the revolver
1844 is not dependent upon a predetermined start time,
since both revolvers operate in synchronism with each oth-
er. Only the start of the comparison is dependent upon the
time position of the sorting field group in the revolvers.

FIG. 77 also illustrates the control arrangement for
the reading heads 1724q to 1724d (FIG. 76) of tracks
17234 to 1723bH. The control arrangement is illustrated
in FIG. 77 completely for the information unit informa-
tion group III. The lead 1736¢ transfers a signal if an in-
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formation unit information group has been selected and
is to be transferred.

As aforedescribed with reference to FIG. 76, two in-
formation unit informations of each information unit in-
formation group are recorded in each of the tracks 1723a
and 17235. Since each of the tracks has two reading heads,
the reading of an information unit may start at the begin-
ning of each sector, two sectors forming a track, and each
sector comprising one information unit information. Since
in this type of processing, two information unit lengths
are required, spacewise, for the purpose of sorting be-
tween the first reading of information unit information,
for the purpose of forming the sorting field group, and
the reading of the same information unit for the purpose
of transferring it to another storage area under the con-
trol of the comparator 1728 (FIG. 76), the control of
these reading heads is very simple.

Most operations utilize two separate reading heads.
The reading heads are positioned on the same side of the
storage track, but on different tracks, since each track
stores two information unit informations in three bit in-
terlaced manner for each of the information unit informa-
tion groups. The flip-flops 1793 and 1794 (FIG. 77) con-
trol the transfer of informations to the signal heads for
informations of the information unit information group
II1. The flip-flop 1793 indicates the pair of heads which
are to be used and the flip-flop 1794 indicates the track.
The flip-flop 1793 is switched over from one condition
to the other with each sector pulse. The signal heads are
therefore always in a switching condition which enables
them to be used for reading the information unit informa-
tion sequentially in each track.

If a signal is transferred through a line 1887, the switch-
ing over from the one to the other condition is inter-
rupted once for each such signal. The information unit
informations are read and the signal heads which are in
transfer condition are before the next following informa-
tion unit information. After two information units are
picked up or sensed, the flip-flop 1794 is switched over
into its other condition and the presensing and transfer
conditions are reversed with respect to the two tracks.
Since the control device is available for each of the inter-
laced information unit information groups, the resetting
of the flip-flops 1793 and 1794 is only possible during the
read-out of informations of the same information unit in-
formation group. This is achieved by a signal in the lead
1736¢ which is fed to AND gates 1888a to 18884 for the
control of the presensing process and to AND gates 1889a
to 18894 for the control of the transfer process.

The AND gates 18884 to 18884 and 1889a to 18894
receive the bit clocks or bit pulses of the information
unit information group via a lead 1891 and output leads
1892 and 18925, and 1893a and 1893b of the flip-flops
1793 and 1794 used in a combined manner in a suitable
form. OR gates 1894a to 18944 and 18954 to 18954 are
used for the correlation of the three control outputs into
three different information unit information groups. This
is indicated by arrows 18964 to 1896d. Leads 1897a to
1897d connect the OR gates 18944 to 18944 to the AND
gates 1727a to 17274 and leads 1898a to 18984 connect
the OR gates 1895z to 18954 to the AND gates 1726a
to 1726d. The signals in the leads 18964 to 18964 are
clock pulses, which derive the selected information unit
from the signals passing through the selected heads via
the AND gates 1727a to 1727d and 1726a to 1726d and
transfer said signals to the OR gates 1731 and 1748, re-
spectively.

(E) Field delay

FIGS. 78 and 79 are time diagrams for the field delay
operation of FIG. 76 and demonstrate the time signals
of the forming of sorting field groups from the four se-
lected fields of an information which are used for sorting.
All the characters of a complete information unit infor-
mation are shown symbolically in row 1905. The special
character signals “start” and “end of information unit”
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are indicated by EI, the special signal indicating the
“end of field” is indicated by EF. The second character
in FIG. 78, namely the character B, indicates the kind
of format of the fields within the information unit with
respect to their application for accounting purposes, etc.

The different characters of the information unit are
recorded in groups of such characters each forming a field
and the different characters of field A start with the
first character Al. The different fields are shown in row
1%06. The different characters of the fields are indicated
by a capital character, which corresponds to the character
of the field and the digit below the character. The digits
are in ascending order and in sequential order in the
field. Thus, in the tabular indication of FIGS. 78 and 79,
the field E has six characters whereas the field G has
only 1 character (G1).

The program unit indicates that, for example, the fields
B, C, D and H are to be selected and are to be com-
posed together to a sorting field group in the sequence
indicated in row 1907. The fields to be selected are
marked in a different manner in row 1905 and they in-
clude the characters which accord with the sequence of
fields in the information unit for the total programming
operation, The sector period of row 1908 refers to the
incoming information and is identified by I to IV. It re-
peats after each four sectors, since there are only four
fields to be selected. The field E begins, as a comparison
between rows 1905 and 1908 shows, with the sixth char-
acter position of sector 1.

The desired position in the buffer revolver 1735 (FIG.
76) is a transfer to the first character position of word 1
in character position 1 in sector 2 with reference to the
sector clock of the revolver in accordance with the in-
dication in rows 1907 and 1909. Since basically all the
characters which are to be selected will be shifted into
the next sector for the purpose of simplification of the
control unit, the sector clock of the revolver indicated
in row 1911 is also shifted by one sector against the
sector clock of the incoming information shown in row
1908.

The shift into the next sector occurs through the char-
acter delay lines 1815a to 18154 (FIG. 77). If there is
a difference in the indication of the sector of the incom-
ing information in row 1908 and the indication of the
revolver sector and the indication of the position in the
revolver in row 1907, the selected field is to be delayed
by as many as this difference indicates. The delay is ef-
fected in the word delay arrangement 1823a to 1823d
(FIG. 77). As aforedescribed with reference to FIG. 77,
the control of the respective sector delay occurs by posi-
tioning the word field information into predetermined
bit times or clocks.

Each of rows 1912, 1913, 1914 and 1915 is coordinated
to a bit time or clock and indicates the bit time or clock
period coordinated to respective sorting field informations
by an input of the different characters of the word into
the respective row. The bit time or clock period indicates
the sector delay in length of time periods of words and
the index shown corresponds to the sector delay. The
position in the row indicates simultaneously the time in-
stant of the arrival of the word information at the char-
acter delay line. Rows 1916 to 1924 indicate through
which character delay the word was transferred in order
to be delayed to the beginning of the next following sec-
tor. Rows 1925 to 1928 indicate when the word infor-
mation is fed to the sector delay and which word delay
is required to be indictaed by the bit time or clock. Rows
1929 to 1934 indicate the time at which the respective
word information leaves the sector delay to enter the
proper revolver.

FIG. 78 indicates the following.

The word B is to be delayed by two characters and
one sector.

The word C is to be delayed by 6 characters and two
sectors.
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The word D is to be delayed by 3 characters and one
sector.

The word H is to be delayed by two characters and
one sector.

The word B first receives the indication for the bit time
or clock period b1 and is delayed first by two characters
and then by one word (rows 1926 to 1931) and is fed
to the buffer revolver as the first word. The word C is
in the bit time or clock period b2 (row 1914) and is
delayed by six characters (rows 1914 to 1923) and then
by two sectors (rows 1927 to 1932) and is fed to the
revolver as the third word. The word D, which is in bit
time or clock period br1 (row 1913), catches up in time
with respect to word C in the character delay (3 char-
acters correspond to rows 1913 to 1919) and is fed to
the sector delay simultaneously with word C (row 1926)
where it is delayed for one sector (corresponding to bit
time or clock period btl, rows 1926 to 1931) leaving
the delay line one sector before the word C.

Since the words C and D may be switched separately
into the delay line, either directly via AND gates, or in-
directly via their bit times or clocks, they cannot disturb
each other. The word H enters the revolver as the last
word. As soon as the word H is derived from the re-
volver, it is the earliest time for the use of the four field
sorting field group information for its comparison with
two other sorting field groups stored in the storing re-
volver 1844 (FIG. 77). This is indicated in FIG. 78 in
column 1935.

FIG. 79 is another example of a word time which re-
quires a maximum time period from the feeding of the
“end of information unit” signal into the presensing sta-
tion until the earliest possible start of the comparison with
the just-formed sorting field group. Row 1942 indicates

the selected words and row 1943 indicates their position :

in the sorting field group, by sector indications. Row
1944 schematically indicates the information unit in-
formation. The total information unit information in this
example reaches into the third sector.

The word C, which is to be recorded in sector 1 of the
revolver, arrives at this presensing station in sector time
period 2. It is at first delayed by seven characters and
then by three sector periods. Together with the required
delay time period of four sectors for feeding through the
revolver, this results in a maximum delay time period of
seven sectors counted from the “end of information unit”
signal EI (end of information unit) entering the presens-
ing station until the release of this sorting field group in-
formation for input to the comparator.

FIG. 79 indicates the following:

The word B is to be delayed by 2 characters and one
sector.

The word C is to be delayed by 7 characters and 3
sectors.

The word F is to be delayed by 1 character and 2
sectors.

The word H is to be delayed by 4 characters and 0
sectors.

(F) Sorting of information units with variable lengths

FIGS. 80a and 805, referred to as FIG. 80 is a modi-
fication of FIG. 77 for information units with variable
lengths. The information unit informations thus do not
have fixed lengths of 128 characters capacity and each in-
formation unit information is treated according to its ac-
tual length, with only a limited gap of a few characters
between one information unit and the next in dependence
upon the length of the information unit. It is assumed that
the minimum information unit length is 32 characters and
the maximum length is 128 characters, although the ar-
rangement is applicable for multiples of such lengths. The
variable information unit length according to this exam-
ple may be used as multiples of 8 characters added to the
minimum number of 32 characters; that is, 32 characters
plus n times 8 characters. The average gap between in-
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formation units will therefore be between 1 and 8 char-
acters, or an average 4 characters,

The mode of operation of the arrangement of FIG, 80
is basically the same as that of FIG. 77, The assembly
tracks 1951a and 19515 correspond to the assembly
tracks 1723« and 17235 of FIGS. 76 and 77. The tracks
1951a and 19515 of FIG. 80 each have eight reading heads
1952a to 1952/ and 1952i to 1952p, respectively, posi-
tioned at distances of 32 characters,

The information unit informations read for the purpose
of forming the recording field groups are fed to the lead
1732 through a presensing control unit 1953 and input
leads 1954a to 1954p. The lead 1732 is also connected
to an “end of information unit” (EI) signal identifier
1955 and a “start of information unit” (SI) signal identi-
fier 1956. The presensing control unit 1953 is controlled
by three signals which comprise the selector clock signals
in a lead 1957, the subsector signals SS4 in a lead 1958,
and the selection control signals “1”, “2” and “3” in
leads 17364, 17365 and 1736¢.

The presensing control unit 1953 comprises a counter
1961 for each information unit information group, which
prepares the conductivity conditions of the coordinated
AND gates of the signal heads in such a manner that
when there is a signal in one of leads 1736a to 1736¢ the
next following information unit may be head after said
signal. A transfer control unit 1962 operates in the same
manner. The transfer control unit 1962 is controlled by
the sector clock signals in a lead 1963, the selection con-
trol signals “1,” “2” and “3” in leads 17364, 1736/ and
1736¢, and the “end of information unit” signals in a lead
1965.

In the transfer of selected record informations from
the tracks 1951¢ and 1951b into another storage, the
reading process occurs basically in groups of 32 charac-
ters. From the beginning of the “start of information unit”
signal until the first group of 32 characters the informa-
tion unit information is stored in a revolver 1966.

In the transfer of the characters of the selected infor-
mation unit to the output buffer storage, when there is
a transfer signal “1,” “2” or “3" in the leads 17364,
17365 or 1736¢, respectively, the output of the revolver
1966 in output lead 1967 is released and the rotary switch-
ing operation of the revolver is stopped by making the
AND gates (not shown) of the reading heads 19684 to
1968d conductive,

The information stored in the revolver 1966, as far as
it belongs to the selected information unit information
groups, is transferred through the output AND gates (not
shown) of the revolver 1966 and the lead 1967 under the
control of a revolver control unit 1969 via a lead 1971,
The transfer control unit 1962 is effective to transfer the
successive parts of the information unit informations to
the revolver 1966 through one of the reading heads 19524
to 1952p, the transfer control unit 1962, a lead 1972 and
a writing head 1973,

When there is an “end of information unit” (EI) sig-
nal identified by an EI signal identifier 1974, the revolver
control 1969 receives this signal through a lead 1975 and
delays the output transfer of signals from the revolver
1966 a time period corresponding to the delay length of
the revolver, operated for the selected information unit
information group. The input of the revolver 1966 is
switched by the sector clock. The succeeding information
unit information thus enters the revolver 1966 beginning
with the “start of information unit” (SI) signal and last-
ing until the following sector end. The control of the re-
volver 1966 by the revolver control unit 1969 occurs
through the lead 1971,

The signals transferred to the revolver control unit
1969 are the sector clock signals SC in a lead 1976 for
the input and output control, the subsector clock signals
SSC in a lead 1977, selection control signals “1,” “2"
and “3” in leads 17364, 17365 and 1736¢ for selectively
switching the reading heads 19684 to 19684 and bit clock
signals b¢ in leads 19784 to 1978¢ functioning as clock
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signals for the selection of information unit information
groups and corresponding to signals in the leads 17364,
17364 and 1736¢.

The feedback of the signals stored in the revolver 1966
occurs through a lead 1979, as indicated, which connects
the reading head 19684 with the writing head 1973. The
loading control for the tracks 19512 and 19515 is a load-
ing control unit 1981 which is controlled by the signals
“1,7 2" and “3” in the leads 17364, 17365 and 1736¢. The
forming of the sorting field group occurs in the same
manner as aforedescribed with reference to FIG. 77.

The “start of information unit” signal is identified by
an SI signal identifier 1982 connected to the lead 1972,

(G) Presensing control

FIGS. 81a, 815, 81c and 814, referred to as FIG. 81,
is a schematic block diagram of a circuit arrangement for
the system of FIG. 80 and presents said systemn in greater
detail than FIG. 80. A flip-flop 1988 is set by a signal in
the lead 17364. This makes AND gate 1989, which is
‘connected through a lead 1991 to the reset output of the
flip-flop 1988, non-conductive. The sector pulses in the
lead 1957, OR gate 1992 and lead 1993 no longer advance
the counter 1961 which controls the signal head selection.
Half of a plurality of AND gates 1994a to 1994p, that is,
those corresponding to the signal heads 19524 to 19521
or 1952 to 1952p are made conductive in accordance
with the position of the information which is to be read
via one of the outputs 1995z on 1995b of flip-flop 1996.

A plurality of OR gates 1997 to 1997p cooperate
with the three presensing control units and conduct the
control signals to AND gates 1998a to 1998p via leads
1999a to 1999p. The signal supplied from the selected
signal head will be released by one of the AND gates
19984 to 1998p through an OR gate 2001 to a lead 2002.
As soon as the signal SI, which is identified by a signal
identifying unit 2003, is in the lead 2002, the signal iden-
tifying unit 2003 makes AND pgate 2004 conductive
through a lead 2005. A signal is then supplied from the
set output of the flip-flop 1988 through a lead 20104 an
OR gate 2006, the AND gate 2004, and a lead 2007 to a
flip-flop 2008 which is then set and makes an AND gate
2009 conductive through a lead 2011.

The information unit in the lead 2002 may then be
fed through the lead 1732 to the circuit arrangement
aforedescribed with reference to FIG. 77 for forming the
sorting group field. At the end of the information unit,
the signal EI is identified by an EI signal identifier unit
2012 which resets the flip-flop 2008 and thereby blocks
the transfer of information unit information to the lead
1732. The flip-flop 1988 is reset by a signal in leads 2013
and 2014. A signal in the lead 1991 thereby makes the
AND gate 1989 conductive and is fed through a lead
2015, a one shot multivibrator unit 2016, the OR gate
1992, the lead 1993, the AND gate 1989 and the counter
1961, so that the signal head selection AND gates will
remain operative in front of the sector which has last
been read and, at the start of a new reading process, will
read the sector again in order to permit the forming of the
sorting field group in consideration of the beginning of
the succeeding information.

As aforedescribed with reference to FIG. 80, the in-
formation unit information will be built up to full mul-
tiples of eight characters by space character positions as
soon as a minimum of 32 characters has been recorded.
The resetting back of the signal head selecting arrange-
ment does not occur if the information unit ends in sub-
sector 4 because then a full sector which does not include
anything of the succeeding information unit may be
lost timewise. The resetting of the selecting unit for the
information unit is therefore suppressed if the EI signal
is the subsector 4 signal in sub-sector 4 fed to the AND
gate 1989 via the lead 1958, an inverter 2017 and a lead
2018. If the succeeding information is not to be read,
the counter 1961 will be advanced successively by the
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sector pulses SC fed to the AND gate 1989 via the lead
1957, the OR gate 1992 and the lead 1993.

As aforedescribed, in the transfer operation, that part
of the information unit information which does not fill a
full sector at the beginning of the information unit is
stored in the revolver 1966 (FIG, 80). The revolver con-
trol unit 1969 (FIG. 80) is ready to switch in that one
of the reading heads 1968« to 1968d which is operative
in front of the SI signal of the information unit informa-
tion. In the example shown for the group III of the
information unit information, the switching in of the
respective signal head is started by a signal in the lead
1736a.

A flip-flop 2019 is set by the signal in the lead 1736a
and an AND gate 2021c is therefore made conductive,
via a lead 20224, for the bit clock signal in bit time S in
the lead 1978¢ and informations in a lead 2023c¢. Further-
more, AND gates 2024a to 20244 have been prepared by a
signal in the lead 17364. The count condition of a control
counter 2025 is therefore transferred to corresponding
AND gates 20264 to 20264 through the AND gates 2024a
to 20244 and OR gates 2027a to 20274 via leads 2030aa
to 2030ac, 2030ha to 2030bc¢, 2030ca to 2030cc and
2030da to 2030dc. The desired reading head is thereby
switched on and an information read through it may be
transferred through one of the AND gates 2026a to
20264, one of leads 2028a to 20284, an OR gate 2029, the
lead 2023¢ and the AND gate 2021c for information units
of information unit information group III, and derived
from an OR gate 2031 and the output lead 1967.

If an information unit of another information unit
information group is selected, the respective control
counter 2025 will correspondingly control the circuit
arrangement through the OR gates 20274 to 2027d. That
part of information unit information which has been
stored in the revolver 1966 may be transferred after this
part of the operation of the program. With the entering
of the sector pulse, this part of the information unit in-
formation is positioned with its end in the revolver
between the writing head 1973 and the reading head
1968a.

The setting of a flip-flop 2032 by a signal in the lead
17364 prevents the feedback of information unit group
III information to the revolver 1966 (FIG. 80) and it
transfers such information in sequence to the main part
of the preceding information unit information in the
sequence of transfer. A flip-flop 2033 is, for this purpose,
still in reset condition, since its input AND gate 2034 is
prepared through a lead 2035, and said flip-flop is switched
to its set condition by the next following sector pulse in
the lead 1976.

Both set outputs of the flip-flops 2032 and 2033 are
connected to and operated with an AND gate 2036 which
becomes conductive and makes an AND gate 2037¢ con-
ductive via a lead 2038. A signal in the lead 1972 may
then be conducted through the AND gate 2037¢, an OR
gate 2039, a lead 2041 and an OR gate 2042 to the writing
head 1973 where it directly follows the signals of that
part of the information unit information which are in the
revolver 1966. The feedback of the selected information
unit information of the information wunit information
group III through the feedback line 2043 of the revolver
1966 is stopped via a lead 2044, an inverter 2045, a lead
2020q, AND gates 20464 to 2046¢ and an OR gate 2047,
by making an AND gate 2048 non-conductive for the
bit clock in lead 1978¢ which is blocked at the AND gate
2046¢.

As soon as the EI signal is read in the signal identi-
fying unit 1974, the flip-flops 2019 and 2032 are reset by
a signal in the lead 1975. The flip-flop 2019 makes the
AND gate 2021c non-conductive and makes an AND gate
2049 conductive, whereby sub-sector clocks or pulses in
the lead 1977 may advance the control counter 2025
through the AND gate 2049. The reset output of the flip-
flop 2032 prepares an AND gate 2051 in the reset input
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of the flip-flop 2033 and makes an AND gate 2052 con-
ductive through a lead 2053 so that the sector pulses SC in
the lead 1963 may advance a control counter 2054 for the
head selection arrangement of the transfer control 1962
(FIG. 80).

During this time period, the signals of that part of the
next following information unit which are still in these
sectors are transferred to the revolver 1966 through the
lead 1972, the AND gate 2037¢, the OR gate 2039, the
lead 2041, the OR gate 2042 and the writing head 1973.
When the next sector pulse SC resets the flip-flop 2033
through the lead 1976 and the AND gate 2051, the
transfer is interrupted by making the AND gate 2037¢
non-conductive. A signal in the lead 2044, the inverter
2045 and AND gates 20464 to 2046¢c then permits the
bit pulses to be fed from the lead 1978¢ through the OR
gate 2047 to the AND gate 2048, and the feedback to
the revolver 1966 is started again for information units of
information unit information group I1I in said revolver.

The switching condition and the control of the reading
heads 19524 to 1952p of the assembly tracks 1951« and
19155 for transfer are similar to the control of the signal
heads for the aforedescribed operation. The control
counter 2054 cooperates with AND gates 2055a to 2035p
which may be made conductive through the lead 1736¢
and the output leads 19995a and 1995b of the flip-flop
1996. The cooperation of the control leads for the three
groups of information unit information groups I, 1T and
1II occurs at OR gates 20564 to 2056p which directly con-
trol signal head selecting AND 20574 to 2057p which may
transfer the desired information unit informations through
an OR gate 2058 to the lead 1972.

Sorting and Merging—Fixed Information Unit Length

FIG. 82 is a schematic block diagram of an embodiment
of the sort arrangement of the data handling system of
the present invention. FIG. 82 serves to illustrate the data
flow through the computer and how the following figures
are related to each other. Each block of FIG. 82 has a
circled identification number in it. The circled identifica-
tion number is that of the following figure which illus-
trates the arrangement of the block in detail.

The acrangement of FIG. 82 refers to the sorting pro-
gram as the main operation of the computer. The informa-
tion units are stored in one half 20654 of an input-output
file 2065. The first half 2065a of the input-output file
consists of three group storages 2066a, 20665 and 2066¢
with respect to the three groups of information which are
to be sorted. A group switching arrangement 2067 selects
the information units from either storage 2066a, 20665
or 2066¢ according to its control signal in line 2068, The
information units are fed to a track switching arrange-
ment 2069.

Since the group switching arrangement 2067 has al-
ready transferred the information units to the channel
belonging to the group of information, the track switch-
ing arrangement 2069 has only to select the respective
track of prestorage 2071 in which the information unit
will be read-in. The prestorage 2071 consists of four tracks
20724 to 2072d. The information units 1 and 2 of a track
of the input-output file 2065 are stored in the track 2072q,
the information units 3 and 4 are stored in the track 20725,
the track 2072¢ has the information units § and 6 stored
in it, and the track 20724 has the information units 7 and
8 stored in it. Both track and group switching arrange-
ments 2067 and 2069 are controlled by a track and group
switching control 2073.

The transfer of information units from the prestorage
2071 to a presensing and transfer storage 2074 is ac-
complished by a track and group selection arrangement
2075. A track and group selection control 2076 controls
the track and group selection arrangement 2075 and the
track and group switching control 2073. The track and
group selection control unit 2076 receives its control
signals via lines 2077¢ to 2077c from a comparator 2078.

The presensing and transfer storage 2074 consists of
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two tracks 20794 and 2079b, each having one write head
2081c and 20815, respectivey, and two read heads 20824,
2083a and 2082b and 20835, respectively, positioned in
operative proximity therewith. Information units stored in
the presensing and transfer storage 2074 can be read
either for presensing and transfer storage 2074 can be
read either for presensing or for transfer to an output file
which is the second half 20655 of the input-output file
2065. This transfer is via the read heads 2082a, 20834,
20825 and 20835, which are switched on by a head switch-
ing arrangement 2084, The head switching arrangement
2084 is controlled by a presensing and transfer control
2085. Presensed information units are derived from the
head switching arrangement 2084 via a line 2086. In-
formation units to be transferred to the output file 20655
are supplied via a line 2087 to a sorting group control
2088.

Presensing of an information unit means that the in-
formation unit is read for the purpose of selecting the
sorting word by the foltlowing circuitry. As herein indi-
cated, the information must be presensed before the com-
parator may make a determination. A comparator control
2089 must read the signal “NG” (New Group) and it
must store whichever of the information groups has the
signal in the period. The comparator control 2089 may
close the input of the comparator 2078 to information
units of the information group to which the signal “NG”
belongs via a line 2091,

The information unit reaches a 1 to 8 character delay
2092, a field selector 2093 and an information unit selec-
tor 2094 from the comparator control 2089. The informa-
tion unit selector 2094 derives the form of the information
unit and selects the program for the building up of the sort-
ing word of the information unit. The sorting word selec-
tion program 2095 may be activated by the information
unit selector 2094 and a signal generator 2096 which re-
ceives release signals from the information unit selector
2094 via line 2097. The activated program 2095 controls
the field selector 2093 via line 2098. The fiield selector
2093 not only selects the fields which are to be combined
to a sorting word, but also calculates how much the se-
lected field must be delayed to be placed in a proper
position.

The character delay arrangement is split into two parts.
The first part 2092 is an arrangement which permits the
delay of the field up to the time of 8 characters, which is
the length of a normal field. A field delay arrangement
2099 permits the field to be delayed up to 3 field lengths
in steps of one field length. The selected field has its proper
position at the output of the field delay 2099 and is stored
in a buffer revolver 2161 in the same channel as the in-
formation unit still in the presensing and transfer storage
2074. The sorting word is fed from the buffer revolver
2101 to a storage revolver 2102. The storage revolver
2102 contains all the sorting words which are used in
the following comparison operation,

The comparator 2078 has at least three control lines
2077a, 2077b, and 2077c. The control lines 20774, 20775
and 2077¢ control the loading of the prestorage 2071 and
the presensing and transfer storage 2074, the presensing of
information units and the transfer of information units
from the presensing and transfer storage 2074 via the sort-
ing group control 2088 and a reassembling revolver 2103
to the output file 20655. The sorting group suppresses the
first and second signal “NG” in a group of three signals,
because three sub-groups are always combined to a new
sub-group. The information units which are to be trans-
ferred to the output file 2065 are reassembled in the
reassembling revolver 2103 until they may be read into
the output file 20656 without difficulty. The output file
20655 includes, as does the input file 20654, three groups
of storages 2104 to 2104c¢, each belonging to one group
of information. The first and second parts 20654 and
2065b of the input-output file 2065 are electrically inter-
changeable.
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The information units may be fed to an arithmetic unit
2080 from the output of the head switching arrangement
2084 via line 2070 and from said arithmetic unit to the
reassembling revolver 2103 via line 2090. The comparator
control 2089 and the sorting group control 2088 control a
reassembling revolver control 2165 via lines 2106 and
2107, respectively. The reassembling revolver control 2105
controls the reassembling revolver 21085.

(A) Group storage of input-output file

FIG. 83 is an embodiment of the input-output file 2065
of FIG. 82 and illustrates group storage and the transfer
of information units to and from the input and output
file 20654 and 20655, respectively. The information units
are transferred channelwise from the input file 20654
(FIG. 82) to the prestorage 2071 (FIG. 82) and from
the reassembling revolver 2103 (FIG. 82) to the output file
20655 (FIG. 82). Each disc of the input and output files
20654 and 20655, respectively, cooperates with a movable

arm on which read-write heads are mounted. One read-

write head is for the upper surface and the other read-
write head is for the lower surface of the disc.

To provide sufficient time to enable the arm to move
from track to track, the upper and lower track of a disc
are read in or out simultaneously. The upper tracks are
connected by direct line to the prestorage 2071 (FIG.
82) and the information units from the lower tracks are
stored in an intermediate storage. The intermediate stor-
age is a track with a fixed read-write head on the same
disc. While the computer obtains information from the in-
termediate storage, the arm may be moved to the next
track.

The loading of a disc also involves an intermediate stor-
age track. The operation is the same as the aforemen-

tioned operation, except that the upper track cooperates :

with the intermediate storage track. This is shown in
FIG. 83.

FIG. 83 shows a group storage file comprising two discs
2114 and 2115. Each of the discs 2114 and 2115 has a
number of tracks on its upper and lower surfaces. The
read heads of the disc 2114 are a head 2116 for the
upper surface and a head 2117 for the lower surface. The
read heads of the disc 2115 are a head 2118 for the upper
surface and a head 2119 for the lower surface. The write
heads 2121, 2122, 2123 and 2124 are positioned in the
same sequence as the read heads 2116, 2117, 2118 and
2119, respectively. The read and write heads for the upper
end lower surface of each disc 2114 or 2115 are mechani-
cally coupled as illustrated by the broken lines. A read-out
intermediate storage 2125 and a read-in intermediate
storage 2126 are indicated.

The read-out operation is controlled by a counter 2127
which has a capacity of 16. During the first 8 steps the
last trigger 21284 of the counter 2127 is in reset condition,
then it changes to its set condition and remains set until
the counter reaches the value 16. The counter 2127 is
driven by the comparison result pulses in line 2129. In re-
set condition, the trigger 21284 prepares AND gates
2131, 2132, 2133 and 2134. The AND gates 2131 and
2132 or 2133 and 2134 are opened or made conductive
under the control of a trigger 2135. The first AND gates
are connected to the reset output of the trigger 2135
and the second AND gates are connected to the reset out-
put of trigger 21284, This results in two AND gates being
open simultaneously.

The AND gates 2131 and 2134 belonging to the upper
surface transfer the information units directly via an OR
gate 2136 and a line 2137 to the prestorage 2071 (FIG.
82). The AND gates 2132 and 2133 transfer information
units to an OR gate 2138 and thence to the intermediate
storage 2125. The intermediate storage 2125 cooperates
with a track write head 2139 and a read head 2141. The
transfer from the intermediate storage 2125 track to the
prestorage 2071 (FIG. 82) is controlled by an AND gate
2142 which is controlled by the trigger 21284 in its set
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condition. Each time that the tripger 21284 switches to
its set condition, AND gates 2143 and 2144 are pre-
pared. Then, either the AND gate 2143 is opened by
the trigger 2135 in its set condition, or the AND gate
2144 is opened by the trigger 2135 in its reset condition.

The AND gate 2143 provides a driving pulse in line
2145, which pulse is fed via an OR gate 2146 and a line
2147 to the stepper of the arm cooperating with the disc
2115. The AND gate 2144 provides a driving pulse in line
2148, which pulse is fed via an OR gate 2149 and a line
2151 to the stepper of the arm cooperating with the disc
2114. The trigger 2135 is switched in condition by pulses
in a line 2152. The pulses in the line 2152 instruct that
the disc be changed.

The read-in process is controlled in a similar manner.
Because of the continuous stream of information units,
after each 8 information units, the direct input to the disc
must be changed to the intermediate storage 2126 track.
This is accomplished by a trigger 2153 which in its set
condition opens or makes conductive an AND gate 2154
which connects input line 2155 with write head 2156 of
the intermediate storage 2126. The trigger 2153 in its re-
set condition prepares four AND gates 2157, 2158, 2159
and 2161. Incoming information units may then be fed
from the line 2155 either via the AND gate 2158 to the
lower surface of the disc 2114 or via the AND gate 2159
to the lower surface of the disc 2115. Simultaneously, in-
formation units stored in the intermediate storage 2126
are read by a head 2162 and transferred either via the
AND gate 2157 to the upper surface of the disc 2114 or
via the AND gate 2161 to the upper surface of the disc
2115. The condition of the trigger 2135 determines which
of the disc 2114 and 2115 is selected. The disc 2114 is
selected when the trigger 2135 is in its set condition and
the disc 2115 is selected when the trigger 2135 is in its
reset condition.

And gates 2163 and 2164 are prepared by the trigger
2153 in its set condition. The condition of the trigger
2135 determines whether the stepper of the disc 2114
arm receives a pulse via AND gate 2163 and the OR
gate 2149 or whether the stepper of the disc 2115 arm
receives a pulse via the AND gate 2164 and the OR gate
2146.

(B) Prestorage

FIG. 84 is an embodiment of a prestorage arrange-
ment 2071 of FIG. 82 and illustrates the transfer of data
from the input file 20654 (FIG. 82) to the prestorage
2071 (FIG. 82) and to the output circuitry of said
prestorage. The prestorage arrangement of FIG. 84
includes three input lines 2171a, 21715 and 2171c, one
for each group of information. The information lines
2171a to 2171c lead the information units to triggers
21724, 21725 and 2172c, respectively, which function
as bit storages, because the information urits have to be

5 transferred to the channel of the group of informations.

The set outputs of the triggers 2172a to 2172¢ are con-
nected to AND gates 21734, 217356 and 2173¢, respec-
tively. The AND gate 21734 is connected to trigger 2172a
and is responsible for informations of group 1 which are
to be transferred into channel 1 if they are ordered to be
so transferred,

Clock pulses of channel 1 in line 21744 prepare the
AND gate 2173a and switch the trigger 21724 to its re-
set condition. Tf an information unit is ordered to be
transferred from the input file group 2066¢ (FIG. 82) to
the prestorage 2171 (FIG. 82), a respective pulse in
line 21754 opens or makes conductive the AND gate
21734. The transfer of information units of the input file
group 20665 (FIG. 82) is controlled by the trigger 21725
and the AND gate 2173b. Clock pulses in line 21745 are
fed to the AND gate 2173b. The control signal for the
AND gate 21735 is supplied to said AND gate from the
control unit via line 217556. The transfer of information
units of the input file 2066a (FIG. 82) is controlled by
the trigger 2172¢ and the AND gate 2173c. The infor-
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mation units from input file 2066a are transferred into
channe! 3. Clock pulses in line 2174c are fed to the AND
gate 2173¢ and the control signal for the AND gate 2173¢
is supplied to said AND gate from the control unit via
line 2175c¢.

The next operation to be performed is the distribution
of the information units to the tracks 2072a to 2072d
(FIG. 82) of the prestorage 2071 (FIG. 82). This is
accomplished by four AND gates 2176a to 2176d. The
AND gates 21764 to 21764 are controlled by signals in
lines 2177a to 21774, respectively,

OR gates 2178a to 21784 combine the signals from
different parts of the control unit in lines 21794 to 2179c,
2181a to 2181c, 21824 to 2182¢ and and 21834 to 2183¢
to the respective one of the lines 21774 to 2177d. The
information units are recorded in the tracks 2072a to
2072d of the prestorage 2071 by write heads 21844 to
21844, respectively, under the control of the AND gates
2176a to 2176d, respectively.

Information units stored in places 1 and 2 in channel
1 of the input file 20654 (FIG. 82) are stored in the
track 2072d of the prestorage 2071. The input file group
2066c, channel 1, is stored in channel 1 of the track
20724. The input file group 20665, channel 1, is stored in
channel 2 of the track 20724. The input file group 20664,
channel 1, is stored in channel 3 of the track 2072d. The
information units of the input file 2065a (FIG. 82),
channel 2, are stored in the track 2072c¢. The informa-
tion units of the input file 20652, channel 3, are stored

in the track 2072h. The information units of the input .

file 2065a, channel 4, are stored in the track 2072a of
the prestorage 2071, Thus, the information units of in-
formation group 1 of the input file group 2066c (FIG.
82) are stored in channel 1 of four tracks 2072a to 2072d
of the prestorage 2071.

The output of information uvnits from the prestorage
2071 is fed to the presensing and transfer storage 2074
(FIG. 82) under the control of read heads 21854 to
21854 and signals in lines 21864 to 2186/ from the control
unit. The lines 21864 to 2186/ are combined in groups of
three by OR gates 2187a to 21874, which control AND
gates 2188a to 21884, respectively. The AND gates 21884
to 21884 are clocked by pulses in line 2189, The respective
clock is selected at AND gates 21914 to 2191c by control
signals in lines 2192a to 2192¢. The clock pulses are sup-
plied via lines 2193a to 2193c in the sequence of channel
1, channel 2 and channel 3. Channel 4 is not used here.
The outputs of the AND gates 21884 and 2188¢ are com-
bined in line 2194a and the outputs of the AND gates
21885 and 21884 are combined in the line 2194b. The line
21944 supplies information units to the track 2079a of the
presensing and transfer storage 2074 (FIG. 82) and the
line 21945 supplies information units to the track 20795
of said presensing and transfer storage.

(C) Track and group switching control

FIGS. 854 and 85b, referred to as FIG. 85, is an em-
bodiment of the track and group switching control 2073
of FIG. 82. Since there are three groups of informations,
there are three similar control arrangements, only one of
which is hercinafter described; the operation of the three
control arrangements being similar. The reference nu-
merals indicate the connection of the input and output
lines to other arrangements.

The principal part of the track and group switching
control is a plurality of triggers 2201a to 2201h. The
triggers 2201a to 2201/ are set by signals in lines 22024
{0 22024 if the corresponding one of AND gates 2203a
to 2203k is prepared by the corresponding information
unit time clock in either one of lines 2204a and 2204b.
A signal in line 22025, for example, which is supplied at
an odd information unit time indicates that an informa-
tion unit which is number 3 in a track must be replaced.

A plurality of AND gates 2205a to 22051 function to
transfer a signal which indicates whether or not an in-
formation unit is to be replaced. The AND gates 2205q
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to 2205h are prepared by information unit time signals in
lines 2206a to 22064, The transfer occurs just before the
next signal for replacement is received.

If an information unit is to be loaded into the pre-
storage (F1G. 82), the corresponding one of lines 2207a
to 2207h is energized. That is, if an information unit is
in position 7, which means that it is in the first half of
the track 20724 (FIG. 82), and is to be replaced, the
trigger 2201g is in set condition and at information unit
time 7 a signal in the line 2206¢ opens or makes conduc-
tive the AND gate 2205g. The signal conducted through
the AND gate 2205g is fed through an OR gate 2211a
to control the clock of the channel. The same signal in
the line 2207¢ is also fed through an OR gate 22124 to
the line 21834 (FIG. 84).

Signals transferred by the OR gates 2208q, 2209a and
2211a are fed to the control line 2176a (FIG. 84). Signals
transferred by an OR gate 2213a are fed to the control
line 2179a (FIG. 84). Signals transferred by an OR gate
22144 are fed to the control line 2181a (FIG. 84). Signals
transferred by an OR gate 2215q are fed to the control
line 21824 (FIG. 84). Signals transferred by the OR gate
22124 are fed to the control line 2183a (FIG. 84).

Signals transferred by OR gates 22085 and 22115 are
fed to the control line 21756 (FIG. 84). Signals trans-
ferred by an OR gate 2213} are fed to the control line
21796 (FIG. 84). Signals transferred by an OR gate
2214} are fed to the control line 21815 (FIG. 84). Signals
transferred by an OR gate 22154 are fed to the control line
2182b (FIG. 84). Signals transferred by an OR gate
2212b are fed to the control line 21835 (FIG. 84).

Signals trapsferred by OR gates 2208c, 2209¢ and
2211c are fed to the control line 2175¢ (FIG. 84). Signals
transferred by an OR gate 2213c are fed to the control
line 2179¢ (FIG. 84). Signals transferred by an OR gate
2214c¢ are fed to the control line 2181c (FIG. 84). Signals
transferred by an OR gate 2215¢ are fed to the control
line 2182¢ (FIG. 84). Signals transferred by an OR gate
2212¢ are fed to the control line 2183¢c (FIG. 84).

The triggers 2201a to 2291/ are reset when the transfer
time of the information unit has passed. That is, if an
information unit in channel 1 in the first half of the track
is to be transferred, the trigger 201a is reset at the be-
einning of information unit time 2 by a signal in line
2216a. Lines 2216a to 2216k provide the signals for re-
sefting the triggers 2201a to 22014, respectively.

The other two control arrangements control the track
and group switching for the information units of groups
2 and 3 in a manner similar to that of the first control
arrangement in controlling the track and group switching
for the information units of group 1.

(D) Track and group selection control

FIGS. 864 and 86b, referred to as FIG. 86, is an em-
bodiment of the track and group selection control arrange-
ment 2076 of FIG. 82. The track and group selection con-
trol arrangement of FIG. 86 controls the track and group
switching control arrangement of FIG. 85 and the track
and group selection of the transfer of information units
from the prestorage 2071 (FIG. 82) to the presensing
and transfer storage 2074 (FIG. 82). The control signals
are derived from the result of the comparison operation
of the comparator. FIG. 86 includes three similar circuit
arrangements, one for each group of informations. Since
the operation of all three circuit arrangements of FIG. 86
is the same, only the operation of the arrangement cor-
responding to information group 1 is hereinafter de-
scribed.

The presensing and transfer storage 2074 (FIG. 82)
includes two tracks 2079a and 2079b. Each of the tracks
20792 and 2079b cooperates with a write head 2081a

* and 2081b, respectively (FIG. 82), and two read heads

20824 and 20834, and 208256 and 2083b, respectively
(FIG. 82). Two information units are stered in each
channel of the tracks, except for channel 4 which is
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empty. Every half rotation of the presensing and transfer
storage 2074 (FIG. 82) access is had to every informa-
tion unit stored in the tracks 2079q and 20795, respective-
ly (FIG. 82). An information may thus be selected each
half rotation of the presensing and transfer storage 2074,

A selected information unit must be replaced by an-
other one as soon as possible in order to obtain a con-
tinuous stream of information units from the presensing
transfer storage 2074 to the output file 20654 (FIG. 82).
If an information unit is selected by the read head be-
neath the write head this information unit can only be
replaced a full rotation later. The information unit which
replaces the selected one must be read from the prestor-
age 2071 (FIG. 82). If an information unit of the pre-
sensing and transfer storage 2074 (FIG. 82) is selected
by a read head opposite the corresponding write head, said
information unit may be replaced during the following
half rotation.

The comparison result instruction, “Select the in-
formation unit of group 17 in the line 2077« (FIG. 82)
of the comparator is fed to AND gates 2223, 2224, 2225
and 2226 via a line 2227a. A trigger 2228 is in reset con-
dition when an information is stored in an odd channel
of the input file 20652 (FIG. 82) and is in set condition
when an information is stored in an even channel of said
input file. Triggers 2229 and 2228 form a counter with a
capacity of four.

The AND gates 2225 and 2226 are prepared by the
trigger 2228 in its reset condition and the AND gates

2223 and 2224 are prepared by the trigger 2223 in its set -

condition. Either the and gates 2225 and 2223 or the
AND gates 2226 and 2224 are opened or made conductive
in accordance with which head reads out the selected
information unit. This is controlled by a trigger 2231
which is set when an information unit is selected from
the presensing and transfer storage 2074 (FIG. 82) in
an odd information unit time, in which case the trigger
2231 is set via line 2232g and AND gate 2233, The trig-
ger 2231 is reset when an information unit is selected from
the presensing and transfer storage 2074 (FIG. 82) in an
even information unit time, in which case the trigger
2231 is reset via line 22325 and AND gate 2234.

The cooperation of the triggers 2228 and 2231 makes
either the AND gate 2224 or the AND gate 2226 con-
ductive when a selected information is replaced. The re-
sultant pulse sets trigger 2235 through an OR gate 2236
or sets trigger 2237 through an OR gate 2238. If the
replacement has to occur a full rotation of the storage
later, either the AND gate 2225 or 2223 is made con-

ductive and the resultant pulse sets either trigger 2239 ¢

or trigger 2241. One information unit time later, AND
gate 2242 or 2243 is opened by the information unit time
clock in line 2244, which reaches the AND gates 2242
and 2243 via a delay 2245. The opening or making con-
ductive of the AND gates 2242 and 2243 connects the
trigger 2239 directly to the trigger 2237 and connects the
trigger 2241 directly to the trigger 2235, respectively.
After an additional delay in a delay 2246, the informa-
tion unit time pulse opens or makes conductive AND
gates 2247 and 2248 to reset the triggers 2239 and 2241.

The next flolowing information unit time pulse in line
2244 opens or makes conductive AND gates 2249, 2251,
2252 and 2253 and switches triggers 2255 and 2256 to
the same conditions as the triggers 2237 and 2235, re-
spectively. If one of the triggers 2255 and 2256 is in set
condition, it supplies a count pulse to a counter 2257
via an OR gate 2258. The counter 2257 includes triggers
22594, 22595 and 2259c.

When the trigger 2259a switches or changes its condi-
tion, it supplies a pulse via line 2261« or 22615, OR gate
2262, delay 2263, and line 2264 to the reset input of the
trigger 2237, or via line 2265 to the reset input of the
trigger 2235. The triggers 2259b and 2259¢ of the counter
2257 store the selected information unit position of the
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presensing and transfer storage 2074 (FIG. 82) and the
information unit by which it is to be replaced. The trig-
ger 2259b, in its reset condition, controls the track 20794
of the presensing and transfer storage 2074 (FIG. 82)
and the tracks 2072a and 2072c¢ of the prestorage 2071
(FIG. 82). The trigger 22595, in ifs set condition, con-
trols the track 20794 of the presensing and transfer stor-
age 2074 (FIG. 82) and the tracks 20725 and 20724
of the prestorage 2071 (FIG. 82). The trigger 2259c,
in its reset condition, controls the tracks 20724 and
20725 of the prestorage 2071 (FIG. 82) and, in its set
conditon, controls the tracks 2072¢ and 20724 of said
prestorage.

The triggers 2259b and 2259¢ prepare one of AND
gates 2266, 2267, 2268 and 2269. The AND gates 2268
and 2266 are connected to the set output of the trigger
2255 and the AND gates 2267 and 2269 are connected
to the set output of the trigger 2256. A pulse supplied from
the AND gate 2268 indicates that an information unit
should be transferred from the track 2072c of the pre-
storage 2071 (FIG. 82) to the track 2079a of the pre-
sensing and transfer storage 2074 (FIG. 82). The time
instant that the AND gate 2268 is opened or made con-
ductive determines which of the two information units
is to be transferred.

The AND pgate 2266 controls the transfer of an in-
formation unit from the track 2072a of the prestorage
2071 (FIG. 82) to the track 2079« of the presensing and
transfer storage 2074 (FIG. 82). The AND pgate 2267
controls the transfer of an information unit from the track
20725 to the track 2079b. The AND gate 2269 controls
the transfer of an information unit from the track 20724
to the track 20795b.

The control signals, combined with the time signals,
are always present. The signals in the output lines rae fed
to the selection arrangement via the lines 2202q to 22024
(FIG. 85) and to the track and group switching control
arrangements for the reloading of the prestorage 2071
(FIG. 82) via the lines 21864, 21864 and 2186; (FIG.
84). Group switching is achieved in line 21924 by the
combination of all the output lines of the AND gates
2266, 2267, 2268 and 2269 in OR gate 2271.

The other two arrangements shown in FIG. 86 relate
to information units of groups 2 and 3 and function in

5 the same manner as the first, aforedescribed, arrangement.

(E) Presensing and transfer storage control

FIG. 87 is an embodiment of the presensing and
transfer storage arrangement 2074 of FIG. 82, includ-
ing the head switching arrangement 2084 (FIG. 82),
the presensing and transfer control 2085 (FIG. 82), the
tracks 2079a and 20795 and the heads 2081a, 20815,
2082q, 2083a, 20826 and 20835 (FIG. 82). The pre-
sensing and transfer storage 2074 has two outputs, the pre-
sensing information output and the transfer information
output.

The presensed information unit must be two informa-
tion units ahead of the information unit ordered by the
comparator as a result of the comparison operation to
be transferred to the output file 20655 (FIG. 82), Both
information units must be in the same group of informa-
tions. Since there is space for two information units of
each information group in each of the tracks 2079a and
20796 (FIG. 82) of the presensing and transfer storage

5 2074, the information unit to be transferred to the output

file 20655 is stored in the opposite track from and parallel
to the information unit to be presensed. Therefore, only
one control device is needed for each group of informa-
tions.

Three signals are needed for the control of persensing
and transfer of information units. The first signal identifies
or indicates the group of informations and is produced
by the comparator as a result of the comparison opera-
tion. The second signal is derived from the result of the
compraison operation of the comparator by counting the
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pulses of the result groupwise. The second signal pro-
vides the track address. The third signal selects the head
which is to read the information unit during the following
information unit time. Because of the presensing and trans-
fer control, the AND gates behind the read heads are
always prepared to select the information unit following
the last selected information unit. Each time such an in-
formation unit is not wanted, the control unit has to
prepare the AND gate corresponding to the opposite head
to select this information unit in case it is to be selected
in the next following information unit time.

In the control arrangement of FIG. 87, the tracks
2079a and 20796 of the presensing and transfer storage
2074 cooperate with their write heads 2081a and 20815
and their read heads 2082, 20834, 2082b and 20835.
The signals from the read heads 20824, 2083z, 20820
and 2083p are fed to AND gates 2277a to 2277d and
2278a and 22784. The read head 20824 feeds its signal to
AND gates 2277c and 2278c. The read head 2083a feeds

its signal to the AND gates 2277d and 2278d. The read g

head 2082b feeds its signal to the AND gates 2277 and
2278a. The read head 20835 feeds its signal to the AND
gates 2277b and 2278b,

The AND gates 2277a to 2277d select information units
for presensing and the AND gates 22784 and 22784 are
output gates for transferring information units to the
output file 20656 (FIG. 82). The control signals for
the AND gates 2277a to 2277d and 2278a to 22784 are
derived from the result of the comparison operation of
the comparator and the information unit time clock. The
comparator result signal is supplied to the arrangement of
FIG. 87 in the lines 20774, 20775 and 2077c. Only one
of the lines 20772 to 2077c may have a signal in one in-
formation unit time. The signal is fed to the respective

AND gates of the mesh or matrix 2279. The matrix 3

2279 includes twelve AND gates which control both
presensing and transfer outputs.

The comparison result signal from the comparator is
also fed to the set and reset input of each of triggers
2281a to 2281c. A counter with a capacity of four is
provided by the trigger 2281a and a trigger 2282a. A
counter with a capacity of four is provided by the trigger
2281b and a trigger 22825, A counter with a capacity of
four is provided by the trigger 2281c and a trigger 2282c.

These counters correspond to the content of the presensing

and transfer storage 2074 for each group of informations.
The triggers 2281a and 2282a correspond to information
group 1. The triggers 22815 and 2282b correspond to
information group 2. The triggers 2281c¢ and 2282c¢ cor-
respond to information group 3. That AND gate which

is open or conducting indicates which track the next in- o

formation unit which may be selected is to be stored in.

The third signal needed for the selection of informa-
tion units is derived from the comparison result signal of
the comparator and the information unit time clock in
triggers 2283c to 2283c. The information umit time clock
is in line 2284 and is fed to AND gates 22835a to 2285c.
The comparison result signals of the comparator in the
lines 2077a to 2077¢ are inverted in inverters 2286a to
2286¢ from which the inverted signal reaches the cor-
responding one of the AND gates 2285a to 2285c.

The triggers 22834 to 2283¢ are in the sequence of the
information groups 1, 2 and 3. The triggers of those
groups which do not receive a positive comparison result
signal switch their condition with each information unit
time pulse. The output lines of the triggers 2282z to
2282¢ are combined in the twelve AND gates of the
mesh 2279, Since there are four read heads in presensing
and transfer storage 2074, the mesh 2279 provides four
output lines 2287z and 2287d which feed the transfer
selection signal to the corresponding one of the AND
gates 2278a to 2278d. Lines 2288a to 22884 feed the
transfer selection signal to the corresponding one of the
presensing AND gates 22774 to 2277d. The control lines
22872 to 2287d and 2288 to 22884 are connected to
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control the same head, but in the opposite track from the
track which the gate at the transfer output controls,

(F) Comparator control

FIG. 88 is an embodiment of comparator control
arrangement 2089 of FIG. 82. In the three way merging
system, in the first run a sub-group of three information
units is built up from sub-groups of one information unit.
In the second run, three sub-groups are merged to form
a new sub-group of 9 information units, etc. In each
run, three sub-groups are combined to form a new sub-
group. Since the sub-groups supplied are of different
values, the time at which all information units of a sub-
group have been selected is uncertain. This time instant
must be determined, however, to close the input of the
comparator to restrict it to information units of the group
the sub-group belongs to. Each sub-group is thus pro-
vided with a signal “NG” (New Group) at its end after
the signal “EI” of the last information unit of the sub-
group.

During the first run, the sub-groups consist of only
one information unit, so the signal “EI” may be used in-
stead of the signal “NG.” The newly formed sub-groups
of three information units are provided with the signal
“NG.” The arrangement of FIG. 88 indicates how the
signal “NG” controls the comparator inputs. The control
arrangement also produces a control pulse each time three
signals “NG” have been received, indicating that a new
sub-group must be formed.

In FIG. 88 the presensed information unit is supplied
via the line 2086. It is assumed that the signal “NG” im-
mediately follows the signal “EI” as aforementioned. The
first objective is therefore to search for the signal “EL”
This is accomplished by an arrangement 2295 which in-
cludes inverters 2296 and 2297, AND gates 2298 and
2299, and a trigger 2301. The arrangment 2295 functions
as a comparator with result storage. The bits of the signal
“EI” are supplied by a signal generator via line 2302
to the circuit arrangement 2295 in each character time.

If a character of the information is not equal to the
signal “EI,” the first bit which differs from the correspond-
ing bit of the signal “EI” sets the trigger 2301 via the
AND gate 2298 or the AND gate 2299 If the signal “EI”
has a bit, but the information unit has no bit in that bit
position, the bit of the signal “EI” is fed to the set input
of the trigger 2301 through the AND gate 2298. If the
information unit has a bit and the signal “EI” has no bit
in that bit position, the bit of the information unit sets
the trigger 2301 via the AND gate 2299.

At the end of a character, that is, in the clock pulse
character clock 8, a pulse in line 2303 opens or makes con-
ductive an AND gate 2304. If the last character was a
signal “EL,” the trigger 2301 is in resct condition, so that
a pulse is provided at the output of the AND gate 2304
together with the character clock 8 pulse in the line 2303,
This sets trigger 2305. The trigger 2301 is reset by the
character clock pulse 8 in line 2306 at the same time that
the trigger 2305 is set. When the trigger 2305 is set it
opens or makes conductive AND gate 2307 for the next
following character of the information unit, which is sup-
plied to the AND gate 2307 via line 2308. The last-men-
tioned character is fed to a compaartor 2309 which is
similar to the comparator 2295.

The comparator 2309 comprises AND gates 2311 and
2312, inverters 2313 and 2314 and a trigger 231S. The
comparator 2309 determines if the character following
the signal “EI” at the end of an information unit is the
signal “NG.” The comparator 2309 receives the signal
“NG,” produced by a signal generator, via line 2316. At
the end of the character, at the time of the character
clock 7, the AND gate 2307 is closed or made non-con-
ductive by the trigger 2305 which is reset by the character
clock pulse 7 in line 2317. The character clock pulse 7
in line 2318 opens or makes conductive AND gate 2319
at the same time. The produced signal pulse is fed to OR
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gate 2321 via line 2322. The trigger 2315 remains in re-
set condition and is set by the next bit of the information
unit which is not the signal “NG.” At the end of the next
character time, the trigger 2315 is reset by the character
clock pulse 7 in line 2323.

As aforementioned, if the signal “NG” appears at the
end of an information unit, a pulse reaches the OR gate
2321. This pulse is fed to AND gates 2324a, 2324b and
2324c via the OR gate 2321. The comparison result signal
of the comparator determines which of the AND gates
23244 to 2324c¢ conducts the pulse. The comparison re-
sult signal of the comparator is supplied to the circuit
arrangement in one of the lines 2077a, 20775 and 2077¢
(FIG. 82). A pulse in line 2077q indicates the selection
of an information unit of group 1 and opens or makes
conductive the AND gate 2324q via a delay 23252. A
pulse in line 2077b indicates the selection of an informa-
tion unit of group 2 and opens or makes conductive the
AND gate 23245 via a delay 2325b. A pulse in line 2077c
indicates the selection of an information unit of group 3
and opens or makes conductive the AND gate 2324¢ via
a delay 2325c¢. The pulse derived from the read-out signal
is thus fed through the corresponding AND gate to one
of triggers 2326a to 2326¢ to set such trigger.

The set trigger functions as a pulse storage similar to
the buffer storage 2101 (FIG. 82) for the sorting word
of the same information unit. The information unit is
transferred from the buffer revolver 2101 (FIG. 82) to
the storage revolver 2102 (FIG. 82) with the next com-
parison result of the same group of informations. This
result also transfers the stored pulse to the next trigger.
The stored pulse may thus be transferred from the trigger
2326a to a trigger 2327a, from the trigger 23265 to a
trigger 23275, or from the trigger 2326¢ to a trigger
2327¢- In operation, for a pulse of information group 1,
the pulse is stored in the trigger 2326a4. When the next
comparison result of the comparator which indicates,
“Select an information unit of group 17 is received the
pulse in the line 20772 opens or makes conductive an
AND gate 23284 and resets the trigger 2327a.

The comparison result signal of the comparator indi-
cates that the information unit from which the pulse has
been derived has a signal “NG,” so that said information
unit is to be transferred and its sorting word is to be re-
placed by one of the next following information units.
The new information unit is in a new sub-group and is not
to be compared with the other sorting words, so the set
output signal of the trigger 2327a closes or makes non-
conductive the input “1” of the comparator 2078 (FIG.
82) via line 2329a.

The pulse storage process for pulses derived from in-
formation units of groups 2 and 3 are similar to the afore-
described process for information units of group 1. The
AND gates 2323q, 23285 and 2328¢ are provided, as well
as the comparator control lines 23294, 23295 and 2329¢.
When all the triggers 2327a, 23275 and 2327¢ are in set
condition, all the information units of the three sub-
groups have been transferred. The result opens or makes
conductive AND gate 2331 and provides a pulse in output
line 2332 which resets the triggers 2326a to 2326¢ and
2327a to 2327c. The pulse is also supplied to output line
2333 whence it is fed to the arrangement of FIG. 97.

The aforedescribed circuit arrangement controls the
sub-groups during all the runs except the first and last
runs. Two special cases are the first and last runs. In the
first Tun, no information unit includes the signal “NG.”
The signal “NG” is replaced by the signal “EL” This is
achieved by a signal “First run” in line 2334, which pre-
pares AND gates 23354, 23355 and 2335c via its branches
2334a, 23345 and 2334c, respectively. The triggers 2327a
to 2327c¢ thus are not set by the stored signal “NG” in the
triggers 23264 to 2326¢, but by the comparison result sig-
nals of the comparator in the lines 2077 to 2077c.

The last sub-group of a group of informations may be
shorter than a normal sub-group. Such a group cannot
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terminate with the signal “NG” so it is terminated with a
signal “EOI” or “End of information.” The signal “EOI”
is detected in a comparator circuit arrangement 2336
which functions in a manner similar to that of the com-
parator circuit arrangement 2295. The signal “EOI” is
fed to the comparator 2336 via line 2337, If a trigger
2338 is reset at the time of the character clock 8, the sig-
nal “EOI” is fed through an AND gate 2339 which is
opened or made conductive by the character clock 8 pulse
in line 2341. The signal “EQI” is fed through the AND
gate 2339 to the OR gate 2321 and is thenceforth treated
as a pulse derived from the signal “NG.”

The pulse in the reset output of the trigger 2338 is
also fed to the set input of trigger 2342 and to AND
gates 2343 and 2344. The first pulse sets the trigger
2342 and sets a trigger 2345. When the trigger 2345 is
set it opens or makes conductive AND gates 2346 and
2347. The signal “EOI” in line 2348 is thus supplied to
output line 23494 via the AND gates 2346 and 2347.
The rtigger 2342 in its set condition also opens or makes
conductive the AND gate 2343 so that the next follow-
ing pulse derived from the signal “FOI” sets a trigger
2351 and resets the trigger 2342 via line 2352.

The set condition of the trigger 2345 again opens or
makes conductive the AND gate 2346 and another
signal “EQI” may be fed from the line 2348 to output
line 23495 via AND gate 2353. The character clock 7
pulse in line 2354 resets the trigger 2345. The third pulse
derived from the signal “EOI” is fed through the AND
gate 2344, which is opened or made conductive by the
trigger 2351. The third pulse derived from the signal
“EOI” sets a trigger 2355, which when set rests the
trigger 2351 via line 2356. Since the trigger 2351 is reset
after the pulse from the trigger 2338 is received, the
trigger 2342 cnanot be set because it is held in its reset
condition by the set output of the trigger 2351. The set
output of the trigger 2355 opens or makes conductive
AND gate 2357 and another signal “EOI” is fed through
the AND gates 2346 and 2357. The character clock 7
pulse resets the triggers 2345 and 2355 so that the entire
circuit arrangement is ready for the next run.

With each signal “EOI” the sub-group which is in
the process of being built up, is stopped. The next sub-
group is in the next group of informations. The last
sub-groups of all three groups of informations thus
have nearly equal amounts of informations.

£G) Signal generator

FIGS, 89¢ and 895, referred to as FIG. 89, is an
embodiment of the signal generator arrangement 2096
of FIG. 82. In order to select words from an informa-
tion unit to combine them to a sorting word, it is neces-
sary to identify the kind of information unit. It is also
necessary to identify the words. This may be accom-
plished by the program indicating what kinds of infor-
mation units are used in the process. The program con-
tains the characters which represent the codes of the
information units. The program utilizes these characters
to instruct a signal generator to supply said characters
to a comparator each time a new information unit is
received.

The words to be selected are handled in a similar
manner, Each word to be included in the sorting word
is indicated in the program by a character which has
the same position in the alphabet as the word has in the
information unit. The words within the information unit
are not connected with an identifying character, how-
ever. The identifying character is produced by the signal
generator. The signal generator thus includes a counter
which is supplied with a pulse each time a signal “EW”
or “End of word” is derived from the information unit.
The counter switches from one character to the next
following character in the sequence of their positions
within the alphabet.

In FIG. 89, the bits “1,” “2,” “4,” “8,” “A” and “B"
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are supplied to the signal generator circuit arrangement
via lines 2364a to 2364f. These bits are combined by
OR gates 2365 to 2369, 2371 to 2379, 2381 to 2389,
2391 to 2395 with respect to the code of the characters.
The characters “a” to “z” leave the OR gate combination
in lines 23964 to 2396z and may be utilized simultane-
ously.

A field counter 2397 is driven by the signal “EW”
from the information unit read-out via line 2398 from
the presensing and transfer storage 2074 (FIG. 82) by a
comparator (not shown in FIG. 89). The counter 2397
opens or makes conductive AND gates 2399q to 2399z
in the sequence shown. The selected character is de-
rived from the circuit arrangement via OR gate 2401
and line 2403. Each time a new information unit is
started, the counter 2397 is switched into zero position.

The signal generator of FIG. 89 also produces other
signals, such as “SI” or “Start of information unit,”
“EOI” or “End of information,” “NG” or “New group,”

etc., but these are produced in the same manner as the 2

signal “"EW.”

(H) Information unit selector

FIG. 90 is an embodiment of the information unit
selector arrangement 2094 of FIG. 82. Each information
unit includes a character in the second character position
which indicates what kind of information unit it is. The
circuit arrangement of FIG. 90 shows how this character
is identified. It is assumed that only four different types
of information units are utilized within a program. It is
also assumed, for simplification purposes, that ihe sele-
tion program is provided by a keyboard.

The information unit is supplied to the information
unit selector via the line 2086 (FIG. 82). The signal
‘SI” or “Start of information unit” is identified in a
comparator 2409 which is similar to and functions in the
manner of the comparator 2295 of FIG. 83. The opera-
tion of the comparator 2295 is described with reference
to FIG. 88. Similarly to the comparator 2295 of FIG. 88,
the comparator 2409 includes inverters 2411 and 2412,
AND gates 2413 and 2414, an OR gate 2415 and a trigger
2416. The signal “SI” is supplied via line 2417 and is
identified when the trigger 2416 is reset at the time of
the character clock 8 pulse in line 2418. The character
clock 8 pulse resets the trigger 2416 if the last character
was not the signal “SL” If there was a signal “SL” the
character clock 8 pulse opens or makes conductive an
AND gate 2419 and sets a trigger 2421. The trigger 2421
in its set condition opens or makes conductive an AND

gate 2422 for the next character of the information unit !

in the line 2086. The next following character clock
8 pulse in line 2418 resets the trigger 2421 and closes
or makes non-conductive the AND gate 2422.

The selected second character of the information unit
is fed via line 2423 to four comparators, 2424, 2425, 2426
and 2427 each of which is similar in structure and opera-
tion to the comparator 2295 of FIG. 88. The comparators
2424, 2425, 2426 and 2427 compare the selected charac-
ter of the information unit with the four possible code
charagters which are generated by the signal generator
and selected by keyboard 2428. These four characters
are programmed in the keyboard 2428 by connecting each
one of the corresponding character input lines 2396a to

2396z with one of the lines 2429, 2431, 2432 and 2433,

The result of the comparisons is provided by the sig-
nals in lines 2434, 2435, 2436 and 2437. The signal in the
line 2434, 2435, 2436 or 2437 is a position result pulse
which indicates identity or comparison between a gerner-
ated signal and the second character of the information
unit,

(I) Keyboard for field selector

FIGS. 91a and 91h, referred to as FIG, 91, is an em-
bodiment of the keyboard or sorting word selection pro-
gram 2095 for the field selector 2093 of FIG. 82. The
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words of the information units to be selected are pro-
grammed in the keyboard. It is assumed that a maximum
of four words is selected from an information unit. The
programming is accomplished by connecting the respective
character signal input line of the lines 2396¢ to 2396z
(FIG. 89) to one of four bus lines 2444q to 2444d. The
bus line 2444a is connected with the character belong-
ing to the word which must remain in the first -position
of the sorting word, the bus line 24444 is connected with
the character belonging to the word which must remain
in the second position of the sorting word, etc.

The output lines 2434 to 2437 (FIG. 90) of the infor-
mation unit selector control the four keyboards 2445 to
2448. Only those keyboard outputs which come from
the information unit selector with a positive comparison
result may become active. Qutput lines 244%9aq to 24494
from the keyboard 2445 are connected to the field se-
lector of FIG. 92, via OR gates 2451a to 2451d, respec-
tively. The output lines of the keyboards 2446, 2447 and
2448 are connected to the field selector of FIG, 92 via
OR gates.

(J) Field selector

FIG. 92 is an embodiment of the field selector arrange-
ment 2093 of FIG. 82. The selected identification char-
acters are supplied via the lines 2449« 1o 24494 (FIG.
91). The character representing the position of the next
following word of the information unit is supplied to the
circuit arrangement of FIG. 92 via the line 2403 (FIG.
89). Each of four comparators 2457, 2458, 2459 and 2461
is identical to the other and to the comparators 2424,
2425, 2426 and 2427 of F1G. 90. A trigger 2462, 2463,
2464 and 2465 of each of the comparators 2424, 2425,
2426 and 2427, respectively, functions to store the com-
parison result. The pair of AND gates connected to each
of the triggers 2462, 2463, 2464 and 2465 function to
transfer the comparison result to the corresponding trig-
ger and determine how long the selected word is to be
delayed in order to be placed in a proper position in the
four field times,

Each time one of the four comparison result output
lines 2466, 2467, 2468 and 2469 has a signal therein, a
pulse is transferred through an OR gate 2471« or 2471H
to the set input of trigger 2472. The trigger 2472 controls
the character delay control circuit. The field delay is
determined by AND gates 2473a to 2473d, 2474a to
2474d, 2475a to 24754 and 2476a to 2476d. The field
time of arrival of the word which is to be selected must
be known in order to determine the correct delay time.

The field time pulses are supplied to the circuit ar-
rangement of FIG. 92 via lines 2477a to 2477d. The
output lines 2478a to 2478d lead from the AND gates
2473a to 2473d, 2474a to 2474d, 2475q 10 2475d and
2476a to 2476d to AND gates 2479a to 24794, respec-
tively. A signal in the line 2478a indicates no field delay
for the selected word; a signal in the line 24785 indicates
a one field delay; a signal in the line 2478¢ indicates a
delay of two fields; and a signal in the line 24784 indi-
cates a delay of three fields, The signals in the lines 2478«
to 24784 are gated by the AND gates 2479¢ to 2479d
under the control of character clock pulses.

A signal is stored in one of triggers 2481a to 2481d.
When the trigger 2481a is set, it transfers the selected
word into channel 1; when the trigger 2481b is set, it
transfers the selected word into channel 2; when the trig-
ger 2481c is set, it transfers the selected word into channel
3; and when the trigger 2481d is set, it transfers the
selected word into channel 4. This is accomplished by the
opening of the corresponding one of AND gates 2482q
to 2482d. The channel clock is transferred to the delay
arrangement of FIG. 93 via the output line 2483. The
triggers 2481a to 24814 and the trigger 2472 are reset
by the following signal “EW” in line 2484. The reset out-
put of the trigger 2472 is connected to the 1 to 8 chur-
acter delay control arrangement via output ling 2485.
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(K) Delay for sorting fields

FIGS. 93a and 93b, referred to as FIG. 93, is an em-
bodiment of the delay arrangement 2092 for sorting fields
of FIG. 82. The selected words must be adjusted in cor-
respondence to the fixed field length of the buffer and
storage revolvers 2101 and 2102 (FIG. 82). At first, each
word is delayed, so that its first character is placed in the
first character position of a field time. This is accom-
plished by the switchable field delay arrangement 2099
(FIG. 82). The selected word, which then has a field
length of 8 characters, is supplied to four parallel lines,
three including delay means for different delay times and
the fourth having no delay time. But the field may only
be derived from the line having an output clocked in the
same channel as that in which the field is positioned. The
field is provided in the right time position to be supplied
to the buffer storage 2101 (FIG. 82), at the output of
the circuit arrangement. ]

The entire information unit is supplied to the circuit
arrangement of FIG. 93 via the line 2086 (FIG. 82).
Trigger 2492 and AND gate 2493 transfer the informa-
tion unit into channel 4. The respective clock pulses are
supplied via line 2494. If a word which is to be selected
arrives, line 2483 (FIG. 92) provides a clock signal for
the length of the word. The clock signal is of that chan-
nel which corresponds to the field delay time the field is
to run through. This clock signal opens or makes con-
ductive AND gate 2494 and resets trigger 2495 if the
word includes a bit in that time position.

The character delay lines are controlled in the follow-
ing manner. Eight triggers, 2496a to 2496h, are provided
one for each character time of the fixed field time in which
the selected word is to be placed. As long as no word is
to be selected, AND gates 24974 to 2497/ are prepared
by the signal in the line 2485 (FIG. 92). The character
clock pulses 1 to 8 in lines 24984 to 2498/ may thus be
transmitted to the triggers 2496a to 24%96h so that the
appropriate one of said triggers is set. At the end of the
character time, the set triggers are reset by a pulse in
line 2499. A trigger of the group of triggers 24964 to
24965, when set, opens or makes conductive the corre-
sponding one of AND gates 2501z to 2501h. Each of
the AND gates 2501a to 2501/ controls the input to a
corresponding one of delay lines 2502a to 2502h. The
delay lines 2502a to 25024 have different lengths or de-
lays, the shortest delay line, 25024, has a delay time of
one character time and the longest delay line, 25024, has
a length or delay time of 8 characters.

When a word to be selected is supplied to the circuit
arrangement, the AND gates 2497q to 2497/ are closed
or non-conductive because no signal is received from
the trigger 2472 (FIG. 92) via the line 2485. Further-
more, there is no reset signal in the line 2499, so that
one of the triggers 2496« to 2496/ which is set, remains
set. The selected word is fed through the controlled delay
line.

All the delay lines 2502a to 2502/ are combined at
their outputs via OR gate 2503. The selected word,
which is then a field, is fed to a line 2505. The signal is
fed to a write head 2506 of a storage track 2507. A
read head 2508 is positioned a distance of less than one
field length from the write head 2506 and is adjusted
to exactly one field length by a variable delay line 2509.
A read head 2512 is positioned a distance of less than
two field lengths from the write head 2506 and is ad-
justed to exactly two field lengths by a variable delay line
2513. A read head 2515 is positioned a distance of a
little less than three field lengths from the write head
2506 and is adjusted to three field lengths by a variable
delay line 2516.

Four AND gates 2518z to 2518d control the outputs
of the line 2505 and the delay lines 2509, 2513 and
2516. The AND gate 25184 is clocked in channel 1, the
AND gate 25180 is clocked in channel 2, the AND gate
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2518¢ is clocked in channel 3, the AND gate 2518d is
clocked in channel 4. Thus, the selected field, which is
fed to all the lines, 2505, 2509, 2513 and 2516, may be
transmitted only through the AND gate (25184, 25180,
2518c or 2518d) which is clocked in the same channel
as that in which the field is stored. All the AND gates
2518a to 25184 are connected to the set input of a trigger
2519 which cooperates with AND gate 2521 and the
clock of channel 4 in line 2522 to transfer the selected
field into channel 4. The trigger 2519 is reset by the clock
of channel 4. The selected field is derived from the circuit
arrangement of FIG. 93 via an output line 2523.

(L) Buffer and storage revolver

FIG. 94 is an embodiment of the buffer and storage
revolver arrangement 2101, 2102 of FIG. 82. The buffer
revolver 2101 (FIG. 82) functions as a prestorage for
sorting words to be stored in the storage revolver 2102
(FIG. 82) from which the sorting words are fed directly
to the comparator 2078 (FIG. 82). The selected fields
which are to be combined to form a sorting word, are
fed to the circuit arrangement of FIG. 94 via line 2523
in channel 4. The first operation to be performed is the
transfer of the received characters to the same channel
as the corresponding information, and is controlled by
instructions stored in the presensing and transfer storage
2074 (FIG. 82). The comparison result is still available
and can be used for the control. The comparison result
signal is in one of the lines 20774 to 2077¢ (FIG. 82).

For another purpose, hereinafter disclosed, the com-
parison result signal is stored in one of triggers 2529q,
25296 and 2529c¢. The set outputs of the triggers 2529q,
25526 and 2529c are connected to AND gates 2531q,
2531b and 2531c, respectively, and to OR gate 2532. The
set outputs of the triggers 25294, 2529b and 2529¢ control
the channel clock at the AND gates 2531, 25316 and
2531c. At the time of bit clock pulse 3, said bit clock
pulse opens or makes conductive an AND gate 2533 to
reset a trigger 2534, The AND gates 2531q, 25315, 2531¢
and 2533, the OR gate 2532 and the trigger 2534, thus
function as a channel transfer device with changeable out-
put channel.

For further explanation, it is assumed that the incom-
ing field is in channel 1. The two other channels are
handled in the same manner. The bits of the incoming
field are fed through the AND gate 2531a to the set in-
put of trigger 2535q¢. The set output of the trigger 2535a
is controlled by an AND gate 2536a clocked in channel
1 via line 2537a.

Bits passing through the AND gate 2336a are fed
through an adjusting delay line 2538 to a write head
2541 which records said bits in a buffer revolver track
2542 of the buffer revolver 2101 (FIG. 82). They are
read after a time of 32 characters (4 fields) by a read
head 2543 and are fed via an adjusting delay line 2545 to
AND gates 25464, 2546b and 2546¢. Each of the AND
gates 2546a to 2546¢ is clocked in another channel. The
AND gate 2546a is clocked in channel 1. The AND gates
2546a to 2546¢ are normally open or made conductive
by the connections to the reset outputs of the triggers
25294 to 2529c.

Only when a new field is supplied to the line 2523,
the respective one of the triggers 2529« to 2529¢ is in
set condition and erases the old content of the revolver
at the place where the new field will be stored, by closing
the respective one of the AND gates 25464 to 2546c.
Triggers 25355 and 2535¢ function similarly to the trigger
2538a, but in channels 2 and 3, respectively. AND gates
25364 and 2536¢ function similarly to the AND gate
2536a, but in channels 2 and 3, respectively. The AND
gates 2536b and 2536¢ are fed their channel clock pulses
via lines 2537h and 2537, respectively. Triggers 2547a to
2547c transfer sorting fields to the storage revolver 2102
(FIG. 82) in the sequence of channels 1 to 3.

The triggers 2547¢ to 2547¢, AND gates 25484 to
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2548¢, the channel clocks in lines 25494 to 2549¢ and
the comparison result signal in the lines 2077a to 2077¢
function as a controllable reclocking circuit for the three
channels. The storage revolver functions in the same man-
ner as the buffer revolver. Only the erasing of old fields
in the storage revolver is controlled differently from the
erasing of old fields in the buffer revolver.

The comparison result signals in the lines 2077z to
2077c is inverted by inverters 2551a to 2551c¢, so that an
active comparison result signal closes or makes non-con-
ductive the corresponding one of AND gates 2552a to
2552¢. The output of the storage revolver is controlled
by AND gates 2553a to 2553c. The AND gates 2553a
to 2583¢ are clocked by the channel clock pulses in
lines 2554a to 25584c. The control signal is supplied sepa-
rately for each channel via lines 25554 to 2555¢ during
the comparison time of the comparator. The three sorting
words are derived from the storage revolver via lines
2556a to 2556¢ which lead to the comparator.

(M) Comparator

FIG. 95 is an embodiment of the comparator arrange-
ment 2078 of FIG. 82. The comparator arrangement of
F1G. 95 functions to sort as a three way merging sys-

tem. The entire process is controlled by the comparison «

result of the three sorting words. The comparator ar-
rangement of FIG. 95 comprises three single comparators,
each comparing two of the three sorting words.

The three intermediate comparison results are com-
bined to provide the final result. The comparison result
may be adjusted to indicate which sorting word is the
highest as well as which is the lowest. Special output lines
provide signals if two or all three sorting words are
equal.

The bits of the three sorting words are supplied to the :

comparator arrangement of FIG. 95 via the lines 2556a
to 2556¢ (FIG. 94). The comparison of sorting word 1
with sorting word 2 is made in comparator 2563a. Com-
parator 25636 compares sorting word 1 with sorting word
3, and comparator 2563¢ compares sorting word 2 with
sorting word 3. The three comparators 2563a, 25636
and 2563c¢ are identical. Thus, only the comparator 2563a
is described hereinafter.

The two sorting words are supplied to the comparator
2563a via the lines 25564 and 25565 and are fed to AND
gates 2564 and 2565 and to inverters 2566 and 2567. If,
at a specific time, the sorting word 1 has a bit, but, at
such specific time, the sorting word 2 does not have a
bit, the inverter 2567 opens or makes conductive the
AND pate 2564 and the bit of the sorting word 1 is
conducted through said AND gate. If, at a specific time,
the sorting word 2 has a bit, but, at such specific time,
the sorting word 1 does not have a bit, the inverter 2566
opens or makes conductive the AND gate 2565 and the
bit of the sorting word 2 is conducted through said AND
gate. 1f, at a specific time, both sorting words have a bit,
the two bits block each other.

A bit conducted through the AND gate 2564 reaches
trigger 2568 at its set input. A bit conducted through the
AND gate 2565 resets the trigger 2568. The trigger 2568
thus indicates which of the sorting words had a bit at
the specific time, or, in other words, it indicates by its
energized or active output which of the sorting words has
a higher weight. The first bit conducted through either of
the AND gates 2564 and 2565 sets trigger 2569 via OR
gate 2571. The set condition of the trigger 2569 thus
indicates that the two sorting words are not the same.

After the two sorting words have been supplied, the
trigger 2569 indicates by its energized output which sort-
ing word is the highest. 1f both sorting words are the
same, the trigger 2568 remains in the same condition
as in the preceding comparison period. The arrangement
should be advised which of the two equal sorting words
is preferred. The preferred informution signal for sorting

word 1 is supplied viu line 2572 and the signal for sorting
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word 2 is supplied via line 2573. The line 2572 supplies a
signal to an AND gate 2574 and the line 2573 supplies
a signal to an AND gate 2575. The AND gates 2574
and 2575 are prepared by a signal from the reset output
of the trigger 2569 via line 2576 when both sorting words
are the same. If sorting word 1 is preferred, but the
trigger 2568 is in reset condition, the AND gate 2574
is made conductive or opened by the signal in line 2577
from the reset output of the trigger 2568 and sets said
trigger via line 2578. If a signal indicating that sorting
word 2 is preferred is provided and the trigger 2568 is
in set condition, the AND gate 2575 is made conductive
or opened and resets the trigger 2568 via line 2579.

The signal in line 2572 or line 2573 is supplied a short
time after the comparison is completed. The set output
line of the trigger 2568 is line 2581. The other com-
parators 25635 and 2563c include output lines 2582 and
2583, and 2584 and 2585, respectively. The circuit fol-
lowing the comparator determines whether the highest or
the lowest sorting word is the desired result. The desired
high or low sorting word result is provided by a signal in
line 2586 or line 2587. If the highest sorting word is de-
sired, the signal in line 2586 prepares AND gates 2588,
2589 and 2591. Sorting word 1 is the highest if the lines
2581 and 2582 are energized. Thus, the AND gate 2588
conducts a signal to the set input of trigger 2592 via
line 2593.

Sorting word 2 is the highest if the lines 2577 and 2584
are energized. Thus, the AND gate 2589 conducts a
signal to the set input of trigger 2593 via line 2594. Sort-
ing word 3 is the highest if there are signals in lines 2583
and 2585. The signals in lines 2583 and 2585 open or
make conductive the AND gate 2591 and said AND gate
conducts a signal to the set input of trigger 2595 via line
2396 thereby to set said trigger. If it is to be determined
which of the sorting words has the lowest value, a signal
in the line 2587 prepares AND pgates 2597, 2598 and
2599. The circuit of the AND gates 2597, 2598 and 2599
functions similarly to the circuit of the AND gates 2588,
2589 and 2591.

When the result of the comparison is stored in the
triggers 2592, 2593 and 2595, if the sorting words are
the same, the trigger 2569 is reset by the information
unit time clock in line 2601. The final result is derived
from the comparator arrangement via AND gate 2602
and the line 2077« (FIG. 82), or AND gate 2603 and the
line 206775 (FIG. 82), or AND gate 2604 and the line
2077¢ (FIG. 82). Each of the AND gates 2602, 2603
and 2604 may be closed or made non-conductive by a
signal in the corresponding one of the lines 2605, 2606
2607 via the corresponding one of inverters 2608, 2609
and 2611. The result of the comparison may thus be
suppressed, If an “End of Group” signal is received, a
preferred information signal must be provided so that
the final result may be determined from the next higher
or lower sorting word.

If sorting word 1 is the same as sorting word 2, the
indication is provided in line 2612. If sorting word 1 is
the same as sorting word 3, the indication is provided in
line 2613. If sorting word 2 is the same as sorting word
3, the indication is provided in line 2614, If sorting words
1, 2 and 3 are all the same, AND gate 2615 is opened
or made conductive and provides a signal in line 2616,

{N) Sorting group control

FIG. 96 is an embodiment of the sorting group control
arrangement 2088 of FIG. 82. The forming of subgroups
in the sorting process is achieved by the insertion of the
signal NG (new group) at the end of the information
unit next preceding the new subgroup. During the first
run, each incoming information unit forms a subgroup,
so the El (end of information unit) signal is used as the
NG signal. Three information units are always combined
to a subgroup. Thus, every third information unit trans-
ferred from the presensing and transfer storage to the
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output file is provided with the NG signal. In the follow-
ing runs, the circuit arrangement is alert for the NG
signal and the first and second NG signals out of every
three such signals are suppressed, so that only every third
NG signal remains.

In the arrangement of FIG. 96, the information units
are conducted through the line 2087 (FIG. 82), OR gate
2623, AND gate 2624, trigger 2625, AND gate 2626,
trigger 2627, AND gate 2628 and line 2629. A compara-
tor 2631, of a type hereinbefore described, initially pro-
duces a signal if an EI signal has just been conducted
via the line 2087. During the time of character clock 8,
AND gate 2632 is opened or made conductive by a
character clock 8 signal in line 2633 and transfers said
signal to AND gates 2634, 2635 and 2636. The AND
gate 2634 is opened or made conductive by the “Ist run”
signal in line 2637. Thus, a pulse may change the con-
dition of trigger 2638 either via line 2639 to its reset
input or via OR gate 2641 to its set input.

The trigger 2638 and trigger 2642 function together as
a counter, with a capacity of three because of the feed-
back from the reset output of the trigger 2642 to the
set input of the trigger 2638 via line 2643, delay 2644,
line 2645 and the OR gate 2641. When the triggers 2638
and 2642 are in reset condition, AND gate 2646 is
opened or made conductive and resets trigger 2647. In
its reset condition, the trigger 2647 opens or makes con-
ductive AND gate 2648 for the NG signal in line 2649.

At the end of the character time, the trigger 2647 is set
by the character clock 8 signal in line 2651. In its set
condition, the trigger 2647 closes or makes non-conduc-
tive the AND gate 2648. The NG signal which may pass
through the AND gate 2648 is fed to the OR gate 2623
via line 2652 and is added to the information unit having
just then passed through said OR gate.

The circuit arrangement of FIG. 96 thus adds the NG
signal to every third information unit during the first run
of the sorting process. In the following runs, the first
and second NG signal of every three must be suppressed,
To accomplish this, each third NGQ signal, a pulse is sup-
plied via line 2333 (FIG. 88) from the comparator con-
trol arrangement of FIG. 88. This pulse is inverted by
inverter 2653 and closes or makes non-conductive the
AND gate 2636. Trigger 2654 thus remains in its reset
condition, so the AND gate 2624 remains open or in
conductive condition and the NG signal may pass through
said AND gate.

The triggers 2625 and 2627, the AND gates 2626 and
2628, AND gates 2655 to 2655¢ and counter 2656 func-
tion to control the channel changing of the information
unit. The trigger 2625 and the AND gate 2626 transfer
the information unit to channel 4. The trigger 2627 and
the AND gate 2628 transfer the information unit to
channel 1, 2 or 3 under the control of the counter 2656.

The hereinbefore described arrangements and figures
indicate how data is handled in a system in which the
information units are stored in an interlaced manner.
The information units are handled as if they have a
fixed length. In some cases, this is a restriction. However,
it is also possible to handle the information units with
variable length. Only two conditions must be met. The
first condition is that the information unit may not be
shorter than 56 characters. The reason for this is that,
as illustrated in FIGS. 78 and 79, the length of 7 fields
is needed under worst conditions to select the sorting
word and to complete the comparison.

The second condition is determined by the storage
capacity of the presensing and transfer storage. The
minimum capacity of the presensing and transfer storage
is four information units of each group of information.
If the presensing and transfer storage comprises more
than two tracks, four times interlaced, the information
units may be longer than 128 characters. Aside from the
possibility of enlarging the storage capacity of the pre-
sensing and transfer storage, FIGS. 80 and 81 illustrate
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how information units with variable length may be han-
dled without loss of time between the information units.

On the other hand, it is also possible to handle in-
formation units of fixed length with fixed field leng:h.
This would simplify the computer operation because the
selected words already have the same number of fields
and need not be adjusted. Another possibility for simpli-
fication of the circuitry is to use a two way merging sys-
tem, which of course restricts the speed of operation, or to
arrange the information units in the tracks in another
manner, for example, 3 information units around a track,
three times interlaced. In the last-mentioned arrangement,
the presensing and transfer storage requires three read
heads per track. The control of the heads is more com-
plicated, but no reassembling revolvers are needed, be-
cause each subgroup ends with a complete track.

(O) Reassembling revolver

FIG. 97 is an embodiment of the reassembling revolver
arrangement 2103 of FIG. 82. The reassembling revolvers
function to assemble the information units so that they
may be transferred to the output file. FIG. 97 illustrates
a reassembling revolver arrangement in 4/B technique.
The reassembling revolver comprises two times four tracks
as storages and one half a track storage as a delay storage
for adjusting the information units. The adjusting of the
information units is necessary because the information
units may be received in a time instant which does not
permit them to be recorded in the assembling revolvers.
The information units are stored in the channel with the
same reference number as their information group. Thus,
for example, information units of group 1 are stored in
channel 1,

The information units from the presensing and trans-
fer storage are supplied to the arrangement of FIG. 97
via the line 2629 of FIG. 96. A control unit, hereinafter
described, opens or makes conductive either AND gate
2663 or AND gate 2664. If the information unit is sup-
plied to the circuit arrangement of FIG. 97 in the proper
time instant to permit it to be recorded in a revolver, the
AND gate 2663 is open or conductive. The AND gate
2663 is controlled by a signal in line 2665. If the infor-
mation unit is supplied to the circuit arrangement of
FIG. 97 in an odd information unit time and is to be
utilized in an even information unit time or vice versa,
the information unit must be delayed for one information
unit time. The one information unit time delay is ac-
complished in delay storage 2666 after the AND eate
2664 is onened or made conductive. The AND gate 2664
is controlled by a pulse in line 2667. After a delay of
one information unit time, the information unit is fed to
OR gate 2668, through which OR gate each information
unit must pass.

One group of 8 information units is fed via AND gates
2669a 10 2669d to storage tracks 2671a to 2671d. The
next group of information units is fed via AND gates
2672a to 26724 to storage tracks 26734 to 26734. The third
group of information units is stored in the tracks 2671a
to 2671d, with respect to information units of the same
group of information. The distribution of information
units to the different tracks is such that information units
1 and 2 of a group of 8§ information units are stored
eithcr in track 2671a or 2673a, information units 3 and 4
are stored either in the track 26715 or the track 26735,
and so on.

The control lines for the AND gates 2669« to 26694 and
2671a to 2671d are lines 2674 to 2679. The lines 2674
to 2677 distribute the information units to their storage
tracks and thz lines 2673 and 2679 select the A or B stor-
age. The transfer from the reassembling revolver to the
output file is made channelwise. Thus, in information unit
time 1 and 2, AND gates 2681aq and 2682¢ are prepared
by a signal in a line 2683. AND gates 26815 and 2682)H
are prepared in information unif time 3 and 4 by signal






