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ABSTRACT

An experimental model of an electronic reference retrieval file in
which all file entries are interrogated simultaneously hes been designed
and constructed. The principal purpose of this work is to demonstrate the
usefulness of a rapid-feedback, man-machine relationship in a data retrieval
system.

The experimental model (designated the AN/GSQ-81 Document Data Indexing

Set) is designed to store the indexes to 5,000 documents. Each document is

iven an accession number and is described by up to eight English words
?descriptors) selected from a 3,000 word dictionary. The delivered model
contains a 1,000 word dictionary and the indexes to 1,100 documents. A
search question, consisting of one to eight descriptors in their natural
English form, is entered by means of an electric typewriter. The machine
indicates immediately whether or not any file item satisfies the search
question, and 1f so, how many file items respond. The machine then re-
solves multiple respcnses and types out the accession number and full set
of descriptors of each responding document.

The document indexes and the words of the dictionary are stored iu
viring patterns associated with arrays of linear ferrite magnetic cores.
During entry of the search question, the dictionary magnetic store is in-
terrogated by the alphabetic code of each search word. If the vord is not
contained in the dictionary, it is automatically rejected. After all words
of the search question have been entered, the document meagnetic store is
interrogated by the search question in superimposed code form. Response to

a word validity test or to the file search is obtained in less than six
microseconds.

This equipment can handle synonymous input descriptors and has the
capability for automatically modifying the manually inserted search ques-
tion according to certain logical iules. Nev searches based on the modi-
fied search question (for example, substitution of a see-also reference
for one of the original descriptors) are initiated autamatically.

i1
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1. Introduction
A. Dates of Development Program

All work rclated to the design, construction, and checkout of the experi-~
mental model of the Multiple Instantaneous Response File described in this report
was carried out during the period from 23 May 1962 to 23 July 1963.

B. Background

During the period irom 1 January 1960 to 31 July 1961 = study* wad made
of the feasibility of constructing a data retrieval file of very large capacity
ir which all the data are interrogated simultaneously, Oneé characteristic of the
file was that it should be very large, containing the order of a million items of
information, An item of information should onsist of a single record, including
ar. identification number, an abstract and appropriate logical specificatioas.
Another important characteristic was that during a search, the entire file should
be tested irstantaneously {this requirement precluded the use of a serial search).
The response time for all items responding to the search question should approach
zero. The response should corsist of the item identification number and index
data in the form of an abstract.

During the study, general conrcepts for solving the search problem were
developed. Codes and searching techniques suitable for such a file were examined
and a simple and efficient testing algorithm for distinguishing between simulta-
neously responding items (multiple responses) was originated. Also several
physical realizations suitable for such an index file were investigated. It was
concluded from the study that the development of a data retrieval file having the
stated specifications was feasible and that a magnetic implementation of the file

with permanent storage of file information was attractive,

*This etudy vas sponsored by Rome Air Develomment Center under Contract
AF30(602) -2142. Refer to report RADC-TR-61-233, "Multiple Instantaneous
Response File,” by J. Goldberg et al, August 1961. ASTIA Report # AD 266 169.




Durips the 2insl quaerter of the study contract the preliminary design of
an experimental model to demonstrate the essential features ~f a Multiple Instan-
taneous Response File was worked out. It was concluded that a model containing
the order of 20,000 file items would be large enough to provide significant results
and could be developed tor a reasonable cost. These conclusions formed the basis
for the specifications of the experimental model developed under the present
contract.

C. Original Specifications of the Experimental Model

The experimental model described in the original proposal for research
and the resulting contract has the following specifications:

(1) The size of the MIRF file shall be 1,000 items with design
provisions for expansion to 5,000 items,

(2) Each item in the M{RF file shall be indexed by not more than 8
descriptors, A descriptor is an English word having 10 or fewer letters.

(3) Encoding of the items shall be accomplished by utilizing superim-

posed coding.

(4) The design of the superimposed code shall be adequate to represent
a maximum of 3,000 descriptors.

(5) At least two descriptors shall be used in an interrogation.

(6) A dictionary file capable of holding 3,000 descriptors shall be
provided as a part of the experimental model. Entries in the dictionary shall
be one of the followirg types:

(a) Primary descriptor. A primary descriptor is one that
can be used in indexing an item in the file. It can be used
in composing the search quiz and can appear in the printed
output of items that respond to a search.

(b) Synonym. A aynonym i8 a descriptor whose meaning 1is
synonymous with one of the primary descriptors. It can be

used in composing the search quiz, but is not used to




describe an item stored in the file and cannot appear
in the printed output,
(c) Variations on primary descriptor.
(1) A special character, such as an asterisk, may i
be associated with & primary descriptor.
(11) A "see-also'' reference to another primary
descriptor may be associated with a primary descriptor.
(iii) Both a special character and a "see-also" refer-
ence may be associated with a primary descriptor,
(7) The dictionary store shall use the same techniques as the MIRF file
and shall include circuits for:
(a) Translating search criteria in English into the
code form required for the internal search of the file.
{b) Translating the descriptor serial number arrived at
during a search of the file into its English counterpart.
(c) Recognizing asterisk or '"'see-also’' reference symbols
associated with descriptors,
(d) Matching corresponding primary descriptors and
synonyms and corresponding descriptors and "see-also"
references.
(8) 1In response to an interrogation, the machine shall provide the
following information:
(a) A YES or NO answer as to whether any stored item
matches the interrogation criteria.
{b) An approximate numerical count of the number of
YES responses,
(c) The descriptors of all items associated with the YES
responses. The descriptors of several simultancously

responding items may appear in time sequence.




(9)

(d) The accession numbers of all the items
associated with the YES responses.

The YES/NO response and the number of Yes
responses shall be displayed visually. The
accession number and the list of descriptors of
the first, and each subsequent YES response shall
be printed out on the zame typewriter that is
used for quiz entry. The format of the printed
output information shall be determined jointly by
RADC and SRI.

In addition to the capability of resolving multiple responses to a

search quiz, the model shall be capable of demonstrating the following logical

operations:

(a) Handling of synonyms, When a synonym is used in composing
the search quiz, the machine shall automatically substitut§

the appropriate primary descriptor for the synonym and carry

out the search on the primary descriptor.

(b) Modification of search quiz by "see-also’ reference. When
a descriptor having an associated "see-also’ reference is used
in composing the search quiz, the machine shall automatically
initiate a new search (after the one on the original search quiz
has been completed) in which one of the original descriptors has
been replaced by its "see-also’ reference., For purposes of
demonstration, it shall be considered adequate to perforam only
one additional search and to choose arbitrarily the first imput

descriptor having a "see-also” reference as tne one to be re-

7 placed in forming the new search quiz. To aid in separating the

printout of the first search from the printout of the automatically

initiated search, the ''see-also’ reference descriptor shall be

printed as a heading for the secoand printout.
4




(c) Generation of new search quiz. The machine shall
generate a new search quiz in which new search descriptors
are selected from the descriptors of items that respond to
the original search. For purposes of demonstration, it
shall be considered adequate to generate a new search cycle
by selecting descriptors with asterisks from items that
match the original search quiz. In particulur, the "asterisk”
search quiz shall be formed by retaining the firat descriptor
that is typed into the MIRF during composition of the
original quiz and combining with it one asterisked descrijptor
(different from all the original deacriptors) from an item
that responds to the original quiz. An asterisk search cycle
shall consist of no more than two automatically initiated
searches (for example, a search based on a quiz formed by
combining the retained descriptor with an asterisked descriptor
from the first responding item, and one based on the combination
of the retained descriptor with an asterisked descriptor from the
second responding item). To aid in separating print outs of
successive searches, the two descriptors used in an asterisk
search shall be printed as a heading for the asterisk acnr?h printout.
D. Changes in Specifications
During the first quarter several changes in the original specifications
wer: made,

(1) Use of asterisk on descriptors. During the selection (at RANC) of

documents for the MIRF file, it was found desirable to attach the asterisk symbol
to a descriptive word based on its use in a particular document, rather than to

L
make a fixed assignment of an asterisk to a word. It was agreed to make this

change in the use of the asterisk.

'Lotter to Mr. Ronald Perris from Mr. E. L. Younker, dated 13 August 1962.




(2) Phrase descriptors. In selecting documents (at RADC) for the MIRF

file, it was found very desirable to allow the use of phrases of two or more
words in describing a document. However, in order to prevent additional costs,
it was required that no significant change be made in the model to accommodate
phrases. To meet these conflicting demands, it was agreod" that phrases would
be used in a limited way.
(a) Characteristics of Descriptors
(1) Definition of Descriptor. The descriptors used
in the MIRF model shall be composed cf English words
containing ten or fewer alphabetic characters. The
use of two or more words to form a conceptual entity
(descriptor) shall be permitted. Thus, a descriptor
may be either a single word or a "phrase'’ of several
words.
(11) Restrictions on Descriptors. Only single word
descriptors shall be in the special operations: synonym
cpbctltution and the automatically initiated searckes,
Phrase descriptors must not be associated in any way
with a synonym, see also, or asterisk sxprassion.
| (bi Operation of Experimentsl Model with Respect to DO|cr1ptorﬁ
_%» | (1) bolcrtptor Input. The model shall have tﬁo
| " capability of accepting either a single word or
i» - |  phrase descriptor. The human operator will be required
g' to type a comma uttcrbiueh 1nput descriptor in tho
;, :  ionrch question except the last descriptor. In this case
he will be permitted to type a period. Whemever a phrase
diucrtptbr is typed in, tﬁn operator will enter a space

'; » -  o _ between the words of the phrase.

“Slatter to Mr. Rousl)d Perris from Mr. E. L. Younker, dated 13 July 1962.
. |




(i1) Print-out of Descriptor.. The model shall have
the capability of distinguishing between single word and
phrase descriptors for purposes of print-out. The descri-
ptors of a responding document shall be separated by commas
in the print-out format, and the words of a phrase shall
be separated by spaces.
(1i1) Searching an Input Question. The search that results
from an input question shall be based on the words (not
descriptors) used in the search question. So far as search-
ing is concerned, the model will not be capable of distin-
guishing between single word and phrase desacriptors. Because
of this a simple change in the specification of the asterisk
search is necessary. Instead of retaining the first
descriptor (as defined above), the first word should be re-
tained. Instead of comparing the asterisked descriptor
from the responding document with the input descriptors,
compare it with the input words.
(c) Bffect on Capacity of Dictionary. Because the definition
of a descriptor has been changed to include phrases, the capacity
of the dictionary f11§ will be less than 3,000 descriptors. How-
ever, the capacity of the dictionary in terms of words will not
chﬂngo. The dictionary will still have iho capacity for 3,000
words, and these words may be used to form descriptors as desired.
B. Note on the Material Presented in this Report.
In the body of this report emphasis is placed on a description of the
experimsntal model of the Multiple Instantane~us Response File. Information om
related work performed under this contract, such as processing the raw data for

1100 docui.utn that were supplied Dy RADC, 33 comtained in a set of appeadixes.
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2. Summary

The development of an experimental model of a Multiple Instantaneous
Response File has been completed successfully. The experimental equipment con-
tains more than 1,000 document indexes in its document file. The descriptors
used in the document indexes are chosen from a dictionary of 1,000 words that is
also part of the equipment. The logical, circuit, and mechanical designs of the
model provide for a simple expansion to 5,000 document indexes and to a 3,000 word
dictionary. Experience with the equipment during the checkout phase indicates
that expansion to the design figures could be accomplished with little difficulty,

The specifications on a manually initiated search (l1isted in detail above)
are satisfied by the experimental equipment, Excellent communication between a
human operator and the machine has been experienced. The operator is required
only to egtor a search question as a group of English words by typing them on a
conventional typewriter and to observe the results of the search typed out in
simple format on the same typewriter. Translation of the Engliah words into
machine coding during the input phase and from coded machine responses into
English words during the output phase are performed automatically. The require-
men ' for modification of the manually inserted search question and the automatic
initistion of new searches have also been satisfied. Experience with the machine
shows that the .§Q‘|Xlo oubstttutton is an ilportnni feature. Usually the addit-
ional see-also special search obtatnj pertinent additional responses relative to
the original search and tp sONy Cases portincnt responses are obtatned {rom the
0oofalib search when there are no responses to the original search,

The prortmtnl Multiple Instantanecus Response File is an all-solid state
equipment. Transistor drive circuits capable of supplying two amper«s of curreat

to magnhet. . circuits, especial discriminating amplifiers capable of cperating

'roltnbly with » poor signal-to-noise ratio input signal, and transistor logic

circuits tailored to the requirements of the system (high reliasbility, low cost,

and moderate speed) were designed and coastructed. About 300 current drive
[ ]




transistors, 2500 logic transistors, 2500 printed gate circuits (a group of 6
resistors, 2 capacitors and their interconnecting wiring on a passive substrate)
and 5000 diodes are used in the systen.

The documents that are stored in the experimental model were selected by the
sponsor from ASTIA Technical Abstract Bulletins (TABs). The information concerning
the selected documents was supplied by the sponsor in the form of a marked TAB
abstract., Considerable effort was expended in reducing the raw data to a form
that could be stored in the memory of the equipment. First, the relevant data
from the TAB abstracts were reproduced in punched card form. Then computer
programs were written for taking this raw data and preparing the data for each
document to be stored in the machine (coded information for the accession number,
the descriptors, and the search logic). The computing was carried out on the
Control Data Corporation model 160-A. The resulting set of punched cards was
used in special wiring arrangement that prepared the information that was stored
in the machine. One punched card containing all the detailed information for sne
document was inserted into a punched card reader whose outputs were connected
to a wiring jig. For each document a unique set of lights ip the wiring jig
was turned on nndba wiring path was established. Bes means of the computer
handling of the raw data and the special attention given to thi wiring arrange-
ment, the errors in wiring the document uifomxion wvere 1educed to ths order of

1 error in mure than 7,000 operations.




3. The Exprrimental Model
A. General Description
() Functions of the Document Data Indexing Set

The AN/GSQ-G1 Document Data Indexing Set is basically a file of
document indexes and a means of retrieving particular document indexes of interest.
This model contains the indexes of approximately 1000 documents that have been
sclected from the ASTIA Technical Abstract Bulletin. Each document is indexed by
an accession number and a group of key words that describe the contents of the
document. The vocabulary required to describe the 1000 stored documents contains
about 1000 words. For the purpose of translating between the English fomof these
words and the coded form used inside the machine, a dictionary of 1000 words is
contained in the equipment. The basic design of the data indexing set provides for
expansion of 3000 document indexes and a 3000 word vocabulary.

The basic function of the document data indexing set is to permit the
retrieval of document indexes that are related to particular subjects of interest.
It allows an operator to ask a question about what is contaianed in the file in
the form of a group ¢! Bnglish words by typing these words on an ordinary type-
writer. The machine compares the word used in the search question with the words
that are used to describe the documents that are contained in the file. The
comparison between the search words und the documents is sade for all documents
:1-nltlnupusly. The machine instantancously determines 31f ony documents in the
file include the search question. If there are none, the machine indicatea visually
that thery llbno response. If there is at least one, the machine counts the
nusber of responding documents and indicates visually this number. Then it types
out the indexes of all responding documents on the same typesriler that was used
‘to ask the question. There is essentially no delay beiween the signal that
starts the search and the-hngtnn;ng of tvping out the responding documents.,

Because the results are immediately available, and because they have enough

useful information to give a good :dea of what each document is abvut, this




document data indexing set makes it feasible to start the document search with a
general question and to use the information received to define a more specific
question. In this way it is possible to "home in" quickly on the documents of
special interest.

This equipment has the capability for automatically modifying the search
question inserted by the human operator and initiating a new search. [In one typ=~
of machine initiated search, the original search question is modified by information
associated with the input question. If any of the input words have attached to
them a 'see also” reference, that 'see also” reference will be substituted for
the original woru to form the new search question. A second kind of machine
initiated search uses information obtained from responding documents to modify
the original search question. In this case, words appearing in responding docu-
ments that are marked by an asterisk are stored in the machine memory and later
are used to replace a word in the original search question.

Q) Logical Organization of the Document Data Indexing Set

The logical organization of the Document Data Indexing Set 1is
fllustrated by Fig. 1. Information pertaining %o the document indexes and to the
key words used in the document indexes i2 c“ontained in major units called MIRF.
A MIRF is basically a magnetic memory in which information is permanently stored
in the wiring associated with the magnetic cores. The Document MIRF is the prin-
cipal elenent of the synten. It contains for each itored documsent index the
document accession number and the key words (in coded !ok-) that describe thast
doculpnt as well as a search code field that (s used in the searchiag process.
The Dictionary MIRF translates during the input phase of oporatlod from the

alphabetic code of the English word deacriptor that is entered from the typewriter

| to the binary serial number assigned to that English word for use inside the
machine. During the output phase of operation, the Dictionary l!lf translates

from the binary serial number of a word that i{s obtained during a search to the

"
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alphabetically coded form of that word.

After the binary serial number of an input English word has been generated,
this binary number is translated by a logical process in the Search Code Generator
into a search code that is asssigned to the particular English word. The search
codes of successive words of a search question are superimposed by adding them
together logically. When the search question is complete, the superimposed search
code of the question is compared with the superimposed code section of the Document
MIRF. Each document index whose search field includes the superimposed code of
the search question is said to respond to the question, By a process that is
described later,the accession number of a particuler responding documenrt is
generated. Then the binary serial numbers of the English words contained in the
document index are generated one at a time. By means of the Descriptor Selector
each serial number ic transmitted to the dictionary MIRF; where it is translated
to the alphabetic code of the English word.

(3) Equipment
The AN/GSQ-81 Document Data Indexing Set is a solid state machine.

Storage of document index information is provided by arrays of linear ferrite
cores in the MIRF units, Drive currents to the magnetic cores are furnished by
transistor switches and the output voltages from the core arrsys are amplified
by transistor amplifiers. All logical processes and control of operations in the
MIRF units are performed by transistor logic circuits. Solid atate power supplies
are also used,

A front view of the document data indexing set is shown in Fig., 2
The main equipment cabinet, the input-output typewriter, the auxilliary typewriter
cabinet and the display and control unit can be seen in this photograph. Figure 3
shows a closeup view of the control area. The input-output equipment, the INVAC
Model TMP200, consists of the typewriter and the equipment cabinet seen at the

left of the table. An IBM Selectric Typewriter is used in this equipment.




Figure 3. Close~-up of Control Area
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Behind and above the typewriter can be seen the operator's display and control
panel. Fanfold paper that is to be fed into the typewriter is stored in the
bottom of the cabinet on which the display and control panel is mounted.

Figur: 4 shows a rear view of the equipment cabinet with the doors
removed. The righthand portion of the cabinet contains logic circuits for control
of the system, arranged in modules of plug-in transistor logic boards. The
dictionary MIRF unit is contained in the center portion of the cabinet. Directly
beneath the MIRF unit are two modules of drive circuits which provide current to
the MIRF. In the left portion of the cabinet are the document MIRF and the
transistor circuits for providing drive currents to it. It will be observed
that space has been allowed for one additional MIRF unit in the center section
and for two additional MIRF units in the lefthand section, This is to provide
for the expansion of the dictionary to 3,000 words and expansion of th; document
index MIRF to 5,000 document indexes.

A closer view of the logic and control section is shown in Fig. 5.
Here the inside door on which the transistor circuits are mounted has been opened
to show the wired side of the transistor modules. All connections to the connector
pins have been made by the wire wrap method. Additional modules of transistor
circuits used in the over-all control can be seen inside the cabinet; these are
mounted on an auxilliary door that opens from the front of the equipment cabinet,

A front view of the cabinets that house the MIRF units and their
drivers is shown in Fig. 6. Here the document MIRF unit has been pulled out to
show it in its extended position. Below the MIRF units the wiring side of the
transistor drive modules can be seen.

B. System Design
(1) Magnetic Implementation of the MIRF Unit

The MIRF units of the document data indexing set are built according

16
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to an idea that was generated during the earlier study contmt‘. This scheme,
called the diode-Dimond ring realisation for MIRF, has the yroperties of an
associative memory. Information is stored in umique wiring pstterns associated
with an array of linear ferrite cores as illustrated by Fig. 7. BRach iters of
stored information (a document index in the document MIRPF or a descriptor in the
dictionary MIRF) is represented by a conductor that passes through or arouad each
associated core in a unique pattern determined by the information it contains. In
series with each conductor 1s a diode. The cathodes of many diodes are connected
together to form the imput to a detector amplifier. Notice that ome core is
required for each bit of information but that each core can be associated with a
particular bit of many item conductors.

Rach core has an input windimg that can be selected by means of a
switch. All cores whose selector switch is closed will be energised when a
drive pulse is applied. A voltage will be induced in esch item conductor that
threads an emergined core, but no voltage will be induced in conductors that do
aot thread the core. A test can be made on the iaformation atored inm many cores
by selecting a particular set of cores and energizing them. In order for an item
to match the test information, its conductor must pass outside of every energised
core. Them B0 voltage will be gemerated im the item wire and the ‘mput to the
datector amplifier will be beld mear ground through the item diode. Voltages
vill be iaiuced 1n the conduators of items that do Bot match the test; the polarity

o2 these voltages is chosen to back-bias the asscciated diodes. If no item matches

the test information, & voltage will be faduced ia every item conductor and every

dicde will he bach-biased. The iaput to the detector vill thea assumes a

significantly negative veltage. Thus the presemce or absence of desired stored
jagermation een bs determined by applyiag the drive curremts to a particular set
28 cores. This 15 s fwnction of an associative or sonteat addressed memory to

®soe final report, BADO-TH-61-333, prepared wnder Contract AP 30(003)-2143,
“Naltiple Instentenccus Response File,” by J. Goldberg sad others, dated
Aug. 1981, pp. 167-108
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indicate the presence or absence of certain information based on the detailed
contents of a search question without regard to the actual location (or address)
of that intformation.

Now consider in more detail how a bit of information of a search
question is compared with information in a MIRP wnit, Figure 8 illustrates how
a test to determine whether or not the test bit is included in the stored informa-
tion is made. This circuit is typical of those used in the superimposed section
of the document NIRF. One core is used to store the kth bit of many items.

h

The kt bit of the search question is stored in s flip-flop whose ONE side is

connected by way of an AND gate to a drive amplifier which in turn is connected
to the primary winding of the kth core. The conductor of an item whose kth bit
is equal to ONE (conducior #1) passes outside the kth core. On the other hand,
the conductor of an item whose k‘h bit is equal to ZERO (conductor #2) threads
the core. 1f the flip-flop stores a ONE, the primary winding of the core will
be energized when the timing pulse is applied to the AND gate. A voltage will
be 1n§uccd in conductor #2 (indicating a mismatch) but none will be induced in
eandﬁetot ll»(indtcnftng a match). If the flip-ilop stores a ZERO, thas primary

wind.ng will not be energised because the timing pulse will be blocked at the

AND gate. S0 no voltage will be induced in either conductor snd a match will be

indicated on hdth 1ines. Therefore tt'cun be seen that a stored ONE bit includes
both a test ORE and a test ZERO, while a stored ZEWD bit includes only a test

 The circuit for testing for idestity between the test bit and the

ih!oru-ttoi stored in the MIRY ;o shown 1in Fig. 9. This circuit is typical of
those used in thokalphabo'i descriptor poftlon of the dictionary MIRF. The
J“ bit of many items io’azor-d in a peir of cores J‘ and J.. The Jth bit of
the test Qquestion is stored in a flip-flop. In this case both the ONE and ZENO
sides of the flip-flop are coanected to AND gates whose ocutputs comtrol drive
amplifiers that txu.conﬂictod to the prtnity windings of cores 3 and J.. The

W g A ¢ 4=
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Figure 8. Circuit for Testing Inclusion
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Figure 9. Circuit for Testing Identity
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conductor of an item whose Jth bit is ONE {ccaductor #1) bypasses core JA while
the conductor of an item whose jth bit is a ZERO threads core JA' The threading
of core JB by the two conductors is the reverse of the wiring of core JA' | ¥ 4
the flip-flop stores a ONE, the primary winding of core JA will be energized
when the timing pulse occurs. No voltage will be induced in conductor #1 (a
match indication) but a voltage willi be imduced in conductor #2 (a mismatch
indication). If the flip-flop stores 2 ZERO, the primary winding of core JB will
he energized. In this case, a voltage will be induced in conductor #1 but not in
ccnductor #2. Thus it can he seen that the bit stored in the MIRF must match
the test bit identically for & match indication tc be obtained.
(2) Relation of MIRF's and the Associative Registers

The major parts of the system are shown in the logical block
disgrar of Fig. 10. The MIRF units are central to the system. Associated with
each MIRF unit is a set of drive amplifiers and a match detector. Information
to be gated into a MIRF unit by way of the drive amplifiers is held in flip-flop
registers. An interrogation of a MIRF unit consists of applying a particular
pattern of drive voltages to the primaries of the cores of tne MIRF and observing
the output of the match detector. Ome output voltage level indicates a match
between the interrogation and the information contained in the MIRF, and the other
output voltage level indicates some /legree of mismatch between the two., The
output of the match detector is tvuically used to modify the contents of a
f14p-flop register,

Consider now the relatlionship between the document MIRF and the
associated flip-flop registers. The document accession number is held in a
17 bit tlip-flop register. Both outputs (ONE and ZERO) of each flip-flop are
connected to drive amplifiers which in turn are connected to primary windings of
cores in the document MIRF. So 34 drive amplifiers and 34 corees are used in the

accessiorn number portion. The search code of an input question is held in an
80 bit flip~flop register. The ONE side of each flip-flop is connected to a ; o
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drive amplifier which supplies current to the primary winding of a core in the
MIRF. Hence, 80 amplifiers and 80 cores are used in the search code portion.

The binary serial numbers of words associated with a document are heid in a 120
core portion of the document MIRF., The binary serial numbers are never used in
an interrogation of the document MIRF and so do not have to be held in an external
flip-flop register. For this reason a separate drive amplifier does not have to
be associated with each of the 120 cores. The number of drive amplifiers for
this section is reduced substantially by using coincident voltage selection of
cores, An 8 by 15 selection matrix including 23 drive amplifiers is used.

Next consider the dictionary MIRF. The alphabetic code of an
input word is held in a 50 bit flip-flop register. Both the ONE and ZERO sides
of each flip-flop is connected to a drive amplifier which is associated with a
core in the alphabetic code portion of the MIRF. Thus 100 drive amplifiers and
100 cores are used in the alphabetic portion. The serial number of a word is
held in a 13 bit flip~-flop register. Again both sides of each flip-flop are
connected to drive amplifiers which are connected to primary windings of cores
in the MIRF. Therefore 26 drive amplifiers and 26 cores are used in the input :
word serial number portion of the dictionary MIRF. The serial number of a see~
also reference that is associated with an input word is generated by gating the
decoded output of a counter to the dictionary MIRF. Thirteen amplifiers and 13
cores in the MIRF are required for this purpose.

(3) Basic Operaticns Using the MIRF's

Two types of operations involving the MIRFs are basic to the
operation of this Document Data Indexing Set. One operation tests to see if
certain information is contained in the MIRF. The other uses information that
is contained in the MIRF to generate a number in a flip-flop register external
to the MIRF proper. Examples of these basic operations are given in the

following paragraphs,
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(a) Testing of Information Contained in a MIRF

(1) Dictionary MIRF. During the input of English
words to form a search question, the dictionary MIRF

is tested to see 1f the input word is contained in

the vocabulary (that is, if it is a valid descriptor).
This is done by gating the contents of the alphabetic
descriptor register to the 100 drive amplifiers assoc-
iated with the alphabetic portion of the MIRF. As a
result, 50 drive amplifiers will be energized and 50
primary windings in the MIRF will carry current. If
one of the stored words has a bit pattern in the
alphabetic portion that matches the energized set of
primaries, the match detector will indicate a match
condition. If the two are not identical, the match
detector will indicate a mismatch condition. The
output of the match detector is used to determine the
next step in the logical sequence. It is important to
note that the test is applied to the entire dictionary
MIRF simultaneously and that a match or mismatch signal
for the entire MIRF is obtained in about 5 microseconds.
(i1) Document MIRF. After all words of the search

question have been typed, the superposition of their

search codes i# held in th» search code accumulator.

At the beginning of the actusl search operation the
f1ip~-flops of the search code accumulator are gated to
their associated drive amplifiers. A particular set

of drive smplifiers is energized and current flows in a

corresponding set of primary windings in the superimposed




(»)

code field of the document MIRF, If the
detailed bit pattern represented by the energized
primaries is included in any of the superimposed fields
of the stored document indexes, a match condition is
indicated by the match detector. 1If not, a mismatch
indication is given. The test is made on the entire
contents of the document MIRF simultaneously and a
YES/NO response is obtained in about 5 microseconds.
It should be pointed out that the criterion for
match is inclusion, not identity. A document index
includes the search question if the following conditions
on the superimposed search code portion of the index
are satisfied. First, for every bit of the index
search field that is a ONE, the corresponding bit of
the search question is either a ZERO or ONE. Second,
for every bit of the index search field that is a
ZERO the corresponding bit of the search question is
a ZERO. (in other words a binary ONE includes both a
ONE and a ZERO, but a binary ZERO does not include a
binary ONE).
Generating Numbers by the MIRF Process
(1) Dictionary MIRF. The generation of the serial
aumber of a see-also reference illustrates this
operation. Assume that an English word having a
see-also reference has been typed in and that the
test for valid descriptor is true. The fact that a
match is obtained when the alphabetic descriptor
register is gated to the MIRF elfectively isolates one

line in the dictionary MIRF. By gating the alphabetic

descriptor register to the MIRF and at the same time
29
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causing current to flow in the primary winding ot

a core that is outside the alphabetic code portion of
the MIRF, the binary wvalue associated with that core for
the selected line can be determined. The pretence of
current in the additional winding tests for a binary

ONE in that position. If the match detector indicates

s match, the value is indeed ONE. However if a mismatch
is obtained, the value must be ZERD. So the sequence
for generating the serial number of a see-also reference
is as follows., PFirst the flip-flop iregister that will
eventually hold the serial number is cleared to all
ONEs. Then the alphabetic descriptor register is gated
to its drive amplifiers and a drive amplifier associa~
ted with the parity bit of the serial number is energized.
The output of the match detector is observed. 1If a
match condition is observed, it is known that the parity
bit im actually a ONE and the parity bit flip-flop in
the serial number register is not changed. If a mis-
match 18 cbaerved it is known that ihe parity bit is
ZERC and the parity bit flip-flop in the serial number
rogtstor is‘chnngod to ZERD. The next step is to

energize the drivers associated witn the alphabetic

v.ddccrtptor register and a driver sssoctated with the

‘least significent bit of the serial number. Again the

output of the match detector is observed and the flip-
!lob assigned to the least significant bit is either
allowed to stay at ONE or 1i shanged to a ZERO. This

procedure continues for 13 steps. At the end of this
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time the 12 bit serial number and its parity bit
will have been generated and stored in the serial
number register.
(11) Document MIRF. The generation of serial numbers of
words contained in responding document indexes is similar
to the procedure just described. In this case the
accession number register drivers and a driver that
corresponds to a particular bit in the word serial
number portion of the document MIRF are energized.
Before the sequence begins the seriazl number register
is cleared to all ONEs. The first step is to determine
the value of the parity bit by gating the accession
number register number and the proper circuits in the
word selection matrix. The output of the document
match detector is observed and the parity flip-flop
of the serial number register is left at ONE or changed
to ZERO depending upon whether the match detector
output is a match or a mismatch. The reaaining par‘ of
the word serial number 1i genersted in twelve successive
steps. |
C. Circuit Design
(1) Introduction
Three principal types of transistor circuits are used in the
document data indexing set: transistors used as switches to drive the primary
windings of the MIRF cores, doocrtnlnntorfalpllfior circuits to accept the voltage
gcnorﬁtod on the pocoédury windings of the MIRF cores (this is the match detector
circuit) and transistor logic circuits for the over-all control of the MIRP
opesrations. xi was decided to design all three types at SRI. The first two are
special circuits and could not be bought from commercial suppliers. Logic circuits
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could be bought from outside suppliers but it was believed that a superior and
less expensive job could be done by retaining the design in our laboratory.
Excellent performance of logic circuits during the checkout of the experimental
equipment has verified this position.
(2) Logic Circuits
(a) Selection of Basic Circuit. Two types of transistor
logic circuits were considered intensively for the
MIRP system. The first was diode transistor logic
(DTL), and the second was resistor-transistor logic (RTL).
Both types have found extensive use in commercial computing
equipsent either separately or in coupatible association.
Both types have unique advantages and disadvantages which
were carefully weighed in choosing a circuit type for the
MIRF system. The decision to use RTL was based primarily
on the cost advantage which it provides in this particular
system at the relatively slow speeds imnvolved. Let us
cousider each type of logic system in some detail to see
how this cost advantage is obtained.
A typical diode transistor logic circuit is shown in
FMig. 11~-A, A circuit of this type was used, for example,
in the Air Force ULD-1 system, portions of which were
designed at SRI in 1989, 'lhi RTL circuit designed for the
MIRF systea is shown in Pig. 11-B, DTL circuits have several
notable advantages over RTL circuits, chiefly the following.
For a given operating speed, the gain-dbendwidth product
required of the transistor is much less thau that required
in the RTL circuit, This speed advantage arises primarily

because of the speed-up capacitor which is used in the DIL




14

Figure 1l1A. A Typical DTL Circuit

*i8v

400

Pigure 113. ‘The RTL Circuit Desigoed for the MINF System




case. Secondly, the excellent isolation provided by the
input diodes,rather than input resistors, permits very large
fan-ins to be realized in DTL. The worst-case fan-in, for
a given fan-out, is actuzily ac large that ii is not useful.
However, the excessive fon~-in can be traded for relaxed
tolerances on resistors, power supplies, and devices. This
trade-off makes thc unit cost on parts and devices for the
DTL circuit relatively low. The cost of a diode, however,
is still greater than the cost of an input resistor, so
that at least a poriiom of the cost advantage of BTL-psing
conventional componants is offset. |

At this point it appears that DTL circuits are moie
economical than RTL. Ii we were to assexible the MIRF logic
cards out of conventional components oh & standard pointaed
circuit board, sucii & conclusion would b¢ correct. For the
RTL circuit one is forced to purehaze.a higher-apeed transis-
tor (at higher cost), and to inxpuue m-re stringent tol&rnncos‘
on the components (again at higher cost) in order to achieve
equivalent performance and reilabiliiy. If one considers
noo-eonvcntionul cdnponeuti. however, ithe situatice is ontir.ly
different. We are able to purcksze aill the passive components
nyonn in Fig. 11-B, plus scaw iddltionsl.¢aptcitors and‘
resistors for making tltp-!iég# and shift regiut-ri, f@r
only $0.50. These coupoaontaiésd screened on a passive
substrate to A tolerance of 3% for the reststors (5% design
tolerance) and 10% for the cspaciisrs. The substrates are
encapsulated with a durs:s conting.}-nd are ready for sounting

to a printed circuit card via itelf projecting luads,
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(b)

Mechanical and electrical specifications of the element

used in the logic circuits are shown in Fig. 12. The
economy of the passive substrate approach is such that

even the added cost of a higher-frequency transistor is more
than compensated. Total component cost of the RTL circuit
is approximately 85% that of the DTL circuit. In addition,
further economies are obtained because of the time saving
obtained in mounting 2 single substrate rather than a large
number of individual components to the printed circuit
board.

It must be emphasized that no sacrifices were made in
operating speed or potential reliability of the final
circuitry. Since the operating frequency of the MIRF
system is relatively low (50 kc) a suitable transistor is

available (the 2N2401) which is easily capable of 100 kc

and higher frequencies, even with RTL circuitry. Reliability

is essentially equivalent in the two circuits, worst-case
design procedure being applied in both instances. In fact,
the somewhat better reliability figures for resistors over
diodes impiie; a minor advantage for the RTL circuit.

Basic Gate Circuit.

The basic gate circuit is shown in Figure 12. This circuit
in typical use performs a simple majority operation, If
one or more of its three inputs ure at a negative potential,
the output is held at ground potential. Since ground is
defined as the one stage in this system and a negative six
volt potential is defined as a zero state, the basic gate
performs the 'mot and" or NAND operation.

The gate circuit is a basic part of every logic circuit

employed in the machine, By itself{ it performs the
35
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(c)

(d)

(e)

(1)

combinatorial function of logical conditiocns. Two gate
circuits properly interconnected form a bistable, or flip-
flop, circuit. Two gate circuits intercomnected in & slightly
different way form a monostable, or one shot, circuit. The
gate circuit is also used as a preamplifier for an emitter
follower circuit. The basic logical circuits, gates, one
shots, flip-flops, etc. are combined in optimum fashion snd
mounted on plug-in logic boards. The circuit boards used

in the Data Indexing Set are described in the following
paragraphs,

Gate Board. Seven gate circuits are mounted on a printed
circuit board to form the gate logic board (see Fig. 13). Three
of the gate circuits have a special feature in that the
collector resistor of the gate transistor is not connected to
the minus twelve volt supply. Using these gates a circuit
having six, nine, or any multiple of three up to fifteen
inputs can be constructed.

Three flip-flop circuits are mounted on one board as shown

by Fig. 14.

Shift register board. Six flip-flop circuits with special
interconnections are mounted on a printed circuit board to
form the shift register logic board (see Fig. 15). Printed
circuit wiring on the board connects four of the flip-flops
to make a four-stage shift register., Printed wiring also
connects two flip-flops independently to form a two-stage
shift register.

One shot board. Four one-shot circuits are mounted on the
board shown in Fig. 16. Four gate circuits are also mounted

on this board to provide inversion of signais into or out

of the one~-shot circuits. [t should be pointed out that the
37
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number of inputs on the gates of the one-ghot board 1s

two, rather than three for all other gates.

Emitter follower buard. Four emitter follower circuits

are mounted on the board shown in Fig, 17. The standard
logic gate that forms a driver to the emitter follower
circuit is not permanently connected to the emitter
follower. The logic design rules permit a gate to drive
more than one emitter follower circuit. It may be wired to
as many as four emitter follower circuits. Furthermore the
gates on the emitter follower card may be used as standard
gate circuits (that is their outputs do not necessarily
connect to an emitter follewer circuit). An emitter follower
circuit can drive many more loads than a gate, namely, 20

loads as compared with five for a standard gate ciicuitl,

(2) Other Circuits

(a)

(v)

System clock. The 50 kc clock used and distributed through-
out the entire logic portion of the machine is generated by

a free running emitter coupled multi-vibrator. Two transistors
constitute the basic multi-vibrator which couples out at
standard logic levels through a third transistor. Another
transistor is used to permit the clock to be gated on or

off. The ability to shut off the clock is quite useful in
preventing damage to the MIRF drivers and components in

the magnetic MIRF circuits, The clock board is shown in

Fig. 18,

MIRF driver. The ferrite cores used in the document and
dictionary MIRFs require drive currents of nearly two amperes

per line, Four MIRF driver circuits are mounted on one

printed circuit plug-in board as shown in Fig. 19. Each
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Figure 17. Component Assembly of Emitter Follower Board
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E4, E3, E2, B E

CR'S 4,3 2 6!
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PiN 35
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Figure 19.
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circuit is capable of supplying the required two amperes

at low impedance. The power transistor that delivers the
drive current (Type 2N1905) is driven by a push-pull emitter
follower that provides 60 milli-amperes of base drive current
into the 2N1905. The output power transistor has rise and
fall tiwme capabilities of less than 0.3 microseconds. The
actual current in the load is aearly linear because of the
inductive nature of the load and builds up to the two-ampere
amplitude at the end of approximately 10 microseconds. The
over-shoot voltage induced when the transistor is turaned

off 18 clamped by a silicon diode to -36 volts. The clamp
prevents excessive voltage spikes from appearing acroas the
output transistor while still allowing the load inductance
to recover within 10 microseconds.

Two protective features of the MIRF driver circuit
should be noted. One is a fuse which is inserted in series
with the load to protect aguinst excessive load currents,.
Before the windings of ths magnetic circuits internal to
iho MIRF assembly can be damaged by an over current, the
fuse wire will open up. The second protective circuit
includes a square 1oop memory core that is threaded by
the lead going to the transistor load. This core is
normally biased off, but if the drive current exceeds a safe

value the square loop core will switch and induce a voltage

" in a sense lead. The voltage in the sense lead is amplified

and used to turn off the syatem clock. The purpose of this

circuit is to protect the 3N1908 transistor against excessive

beat dissipation.

=)




(c)

(d)

Split switch driver board. Four circuits that are similar

to the MIRF driver circuits are mounted on a special board
shown in Fig. 20. The split switch driver circuit is always
used in conjunction with a MIRF driver circuit and effectively
connects between the output terminal of the MIRF load and

the power supply. By using the two circuits, specific

cores in the core array of the MIRF module can be selected

on a 'coincident voltage' basis,

Source and drain circuits., Selection currents to a coincident
current magnetic core memory that is used for scratch pad
storage in the systea are provided by the source an& drain
circuits. The coordinate address leads in the core memory

are selected on the coincident voltage basis as follows.

The source circuit delivers a current of 180 milli-amperes

to a selected group of memory drive lines. The drain cizcuit
conducts this current from one line of the group to ground.

By proper selection of source and drain current drivers,
current can be steered through any selected line of the
memory. The snurce circutti contain a 38 ohm collector

limiting resistor while the druin circuits have no collector

'lond resistor. Thes2 circuits ave intended to deliver half

selact currents to the memory for periods of six td ten
micruseconds, A plug-in board on which four svurce and four

drain circuits are mounted is shown in Fig. 21.

(¢) MIRF discrimioating amplifier. The electrical output of

the MIRF magnetic modules iz genersted by a very large diode
gate including almost %00 diodes. Uader the vorst conditions
a match signsl from this array can resch a level as high
as 0.4 volts. On the other band, a mismatch sigoal from
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the same array under worst conditions may only generate a
potertial of 0.9 volts. It is necessary for the MIRF
discriminating amplifier to differentiate between these

two signals and generate a standard logic level output of

-6 volts for a mismatch and O volts for a match, 1In order

to distinguish between very closely spaced match and mismatch
signals two thresholds are employed in the amplifier., The
first threshold is provided by a 1N3605 silicon diode at the
input to the amplifier. This diode does not pass signals
unless they exceed approximately 0.5 volts, After passing
the first threshold the signal is awpiified in a feedback
amplifier with a gain of about 50. If the amplified signal
then exceeds the second threshold of 3 volts, a mismatch
signal is delivered at the output of the amplifier.

Core memory sense amplifier. The sense output uof the
coincident currant scratch pad memory is typically a 50
millivolt bi-polar pulse. These pulses must be detected

and restored to standard logic ievels. In the sense amplifier
the input signal is applied to a five to one step-up
trgnstor-er with a special center tab and ground shield to
provtdé high common mode noise rejection. The input trunsistor

smplifies the signal by a factor of five and appltes it to a

"full wave bridge rectifier through a one to one transf{orwer.

The bridge rectifies the bi-polar signal and simultaneously
rejects any signals which do not exceed the diode threshold.
If the threshold is exceeded, the output transistor conds -t#

and a ground level is produced at the output terminalse.

)




(g)

(h)

MIRF error sensing amplifier. A small square loop mer .ry core
is associated with the output lead of each MIRF driver. The
purpose of the MIRF error sensing amplifier is to amplify a
voltage ind;ced in the sense lead of the square loop core in
case of an excessive Jdrive curre;t. This amplifier is quite
similar to the discriminating amplifier. The major difference
is tnat the error sensing amplifier does not have the input
threshold diode that is used in the MIRF discriminating amplifier,
The output of the error sensing amplifier ia used to set the
clock control flip-flops to a state in which the clock pulses
are turned off,

Circuit for detecting excessive number of MIRF gate pulses.
This protective circuit insures that che number of consecutive
geting pulses that 1s applied to the MIRF modules is not
excessive, The basic parts of the circult are an integrator
and a Schmidt trigger. Input pulses are aiplxtied and inveried
by the tirst transistor stage and are integrsted in the 0.32
microfarad capacitor. When about 200 pulses have been racétvod
by the clircuil, the voltage develuoped on the integratiag cepacitor
reaches the tareshold (3 volta) of the Schmidt irigger and a
siagle outpui pulse ix zoneruted:‘ This output pulse sets thv

¢ xk control fitp-ilop to the state that turms off the

clock, The ;nt@gratlng circuit alwuys completely recovers ian
1ess than 100 milliseconds so that zormal operations of the
MIRF magnet{ic ¢irculrs are not interrupted. This circuit is
required becsuze too long (ontinued pulsing of _he MIRF
magneric circuits will cause damage to the coaponents of the

magnetic circuits and overload the pueer supply.

Kagnetic Des.gn

(1)

General Constiderations




The magnetic design of a MIRF unit is centered in the individual
magnetic core, Each core acts as a transformer with a multi-turn primary winding
and many single turn secondary windings. When current flows in the primary
winding the magnetic core must be capable of producing a flux change of sufficient
time duration and amplitude to generate the desired signal in secondary windings.
The amplitude of the induced voltage is determined primarily by the characteristics
of the dicde associated with the secondary winding. The duration of the induced
voitage is determined primarily by noise on the secondary winding and the delay
required before sampling of the output can be accomplished.

The cross sectional area of the magnetic core is proportional to
the product of the amplitude and duration of the voltage induced in the secondary
windings (this is usually referred to as the volt-second area of the induced
voltage pulse). This was kept reasonably small by using a high quality germanium
diode which requires a back biasing voltage of only .6 of a volt irn order to
perform properly in the diode circuit associated with the input to the discrimin-
ating amplifier. The circumferential lengih of the magnetic core is determined
primarily by the number of secondary windings associated with the core and the
mechanical design of the supports for these windings. In the MIRF units of the
experimental equipment the core has the capacity for 2,000 secondary windings,
The core's mean circumferentisl length is seven inches; its cross-section is a
square, one quarter inch on a side.

Two other considerations influenced the selection of the magnetic
cores used in the MIRF units. One is the requirement that the core be made in
two pieces so that the array of cores can be separated into two portions to
facilitate initial wiring and changes in wiring. The other is the necessity of
using commercially available parts. The number of cores needed in this experi-
mental equipment is too small to justify the design and production of a core of
special size or shape.

(2) Detaila of the Dictionary and Document MIRF Units

The individual corss used are the same for both the dictionary
32
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and the document MIRF. The only difference between the two magnetic structures

is in the number of cores and the wired informaticn patterns. 140 cores are

used in the dictionary and 234 cores in the document MIRF. Each core is composed

of two "U" shaped structures. These parts are Allen Bradley part nn. UC 892-141C

which have been specially modified at the fauctory to produce a maximum of .0005"

air gap in each leg when two such structures are joined together to produce a

MIRF core. To drive each ccre a twenty turn primary winding is provided. This

consists of two ten turn distributed windings each wound on a fish paper bobbin

or coil form. These windings are distributed in such a manner as to minimize the

leakage flux and the resulting noise signal therefrom. There is also a bias

winding which consists of one turn mounted on the base plate or bottom tray which

supports the primary bobbins. Thris winding will apply two ampere-turns to each

core. The primary winding will drive "ne . '‘re from an 18 volt voltage source through

a transistor switch driver. This allows ior a 2 volt drop in the wiring resistance %
and the drop across the transistor. The outjut voltage then which is induced upon %
each secondary windirg (each is a single iurn winding) is an essentially rectangular
voltage pulse having a drop of .1 volt-in ten microseconds, from .8 volts at the %
leading edge to .7 volts just pricr to the trailing edge. The maximum MMF applied

to the core through the primary is fourteen ampere-turns (.7 amperes) and this

cccurs at ien microseconds after the beginning of the pulse, To accommodate the

expanded capacity of the MIRF model (5,000 documents and 3,000 dictionary words)

three primary windings will be driven in parallel for the file and two in parallel

for the dictionary., The maximum driver current required from the file drivers is

seen to be 2.1 amperes, and for the dictionary 1.4 ampere. A transistor protection %

}
§
4
;
¥
:
i
i

circuit is provided which will produce an alarm signal if the collector current of
the transistor reaches 2.5 amperes. This condition obtains when the total air
§ P 1n a given core increases by about 3 times or each of the air gaps in all three

cores connected to a given driver increase hy a factor of about 2.
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The design cbjectives for the two mmgretic NIRF structures were: to
limit the noise signal due to leakage flux when all drivean cores to .1 volt, and
to damp out the trensient noise signal within the first 1-1/2 usec. Mesting these
design objectives will insure that the minimum voltage deveioped on a line which threads
a core, i.e., a false reponse is .6 volts and the maximum signal on an unthreaded line,
1.,2., & true reponse, is .1 volt after first 1-1/2 useconds and up to the end of the
output period 8-1/3 useconds later. This then provides a minimum signal to noise
ratic of 6:1 for each document line. For ressons of efficiency of sense amplifiers
the outputs of many document liner are comnected to the load through an isolating
diode cluster vig., 288 diodes. The sense of the diodes is such as to maintain the
voltage across the load at ground potential only in the case when one or more input
document lines have only the noise volcage induced thereon., This is the case of one-
or multiple-true reponses. The worst case (from a design conzideration) is at the
higher temp.rature limit e.g., 5o°c.. where the diode leakage curient is a maximum
and for the case of a single true response, the total leakage current of all diodes
passes through the one diods giving a rise to a larye forward voltage drop vis.,
.45 volts maximum. The worst cace (again from a design considera ion) which produces
the minimus false signal occurs when a large number of document lines have but a single
induced voltage om them (this mesns the voltage i:duced Ly threading a single core),

Here, there is a smmll total diode current i.e., the current required to flow through

"the load resistor to drop the gate supply voltage loss this simgle induced voltage

across it, amd s0 only a portion cof tuis curreat i1s carried by each diode; thus the
forward voltage drop across the diodes is negligibly small. The minimum false signal
scross the load resistor heing .8 volts, The signrl t> noisv ratio at the output of
the diode gate then is 1.33:1.

In operation of a s.all bdrec.boar: awdel it was found that the primary
winding and the associated capacity of the coaxial cable together vithAtho output
capacity of the transistor formed a htqh Q resonant circuit. Theve circui’s wiich

are imtercoupled through the complex wirimg pattern and interwinding capacity becoms

shook excited when 50 coupled to a core which was drivea. This ontput then appeared
"

ca t
that
link
core
(15’
be i
It .
trus

agg

wit
to
win
is
Thi
in
nat

mod

is
fre

in

thi
lo
no

to




on the output of the document lines linking such cores. It was further found

that the frequency of this noise signal was a function of the number of cores

lirked by the document wires, and-the amplitude was a function of the number of

cores driven. In the small model--which contained 10 cores but the full length

(15') of document wiring for 22 documents--the ringing frequency was observed to

be as low as 500 kc and the amplitude with 7 cores driven was a .2 volts after 2 usec.
It is clear that such a magnitude of noise would prevent detection of a correct

true reponsc 1-1/2 usec after the output pulse leading edge, and it would be
aggravated in the full size system,

An effective solution is the combination of a resistor in parallel
vith the primary winding to damp the circuit and a diode in series with the primary
to decouple the line capacitance, By inserting a diode in series with the drive
winding and physically close to it, the capacity is reduced to a-minimum value and
1s independent of the method of and variable length in the wiring to the core drivers.
Th:s results in a high ringing frequency which requires only a 1000 ohm resistor
in shunt with the winding to cause the circuit to have a Q of less than 1/2 at its
natural resonant frequency which is the condition :or an overdamped circuit. This
modification then effectively eliminates ringing currents in the prilnry winding.

In the breadboard model there was also a noise signal o!,ubout S me vpich
is attributable to the inductance and capacitances of tho,docuaintkwirol; The
froequency of this noise signal is essentially independent of the nunboi-ot coril
in the model but its amplitude 1aﬂ;ipcndcnt upon the number ol“éérql'dtivon.: A
parallel tuned circuit tuned to the ringing frequency and inserted in ICPICl:Vifh
the gate load resistor has proven effective in reducing this-noiqe qignil toa véry
low value within 1 usec following the lesding edge of the output pulse, This type of
noise was negligible in the full scale MIRF and no filtering was done at the input
to the discriminating amplifier,

(3) Analysis of Effects of Inter-Item Capacitance om Drive Circuit Requirements
The magnetic portions of the MIRF experimental model (the Docu-bpt'lnd

*




Dictionary files) consist of sets of magnetic cores with the following character-
istics: each core has a separate primary (or drive) winding, and each core is
associated with many (1000) single-turn secondary windings., The secondary windings
pass through or around all cores in the set‘ and so form a long "rope." Because
wires in this rope lie close together over considerable distances, significant
capacitance exists between them, When a core is emergized by its associated

driver, a voltage will be induced in those secondary wires that thread the energized
core. Theretqre, a potential difference will exist between the secomlaries that
thread the core and those that do not, and capacitive currents will flow,

The purpose of this analysis is to show the effect of such capacitive
currents on the requirements for the driver circuit connected to the primary winding
of the MIRF cores. To examine the effect of capacitive currents in a simplified
case, consider a single pair of secondary windings and three associated cores, as
shown in Pig. 22-A. On the left side of the cores, the windings are connected to
a common bus, and on the right they extend s considerable distance so that a substantial
capacitance sxists between them (shown as a lumpad capacitance). If Core A is
energized, a potential difference will be developed between Winding #1 and #2, and
a capacitive current will flow in Windings #1 and #2, Notice that the effect of
the current depends upon wiring patterns of the two windings: at Core A, the
capacitive current is in the direction to oppose a primary drive current; at Core B,
it would aid a primary current, and at Core C, there would be no net effect because
both windings thread the core. The magnitude of the current depends on the voltage
developed between the two windings and the capacitance between them.

In the MIRF experimental model, the analysis of inter-item capacitance
is mich more complex because there are many cores, many secondary windings, and
s unique wiring pattern for each secondary. An exact analysis is complicsted by two

other factors: (1) the resultr of the anslysis should be valid for s fully expanded

® Bach vire's pattern is unique and 1s deternined by the Getailed digitel
structure of the item the wire represents.

)
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Figure 22. Simplified Example of Inter-Item Capacitance
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nodel (5000 documenis), but only the document data for the first 1000 documents
is known; and (2) the contents of the file will not be static but will change due to
updating. Therefore, this analysis is made for a hypothetical set of wiring
patterns that cimplifies the problem and yet gives results that are conservative
compared with the worst conceivable actual case.
This hypothetical case can be described as follows:
(lf A group of 130 cores adjacent to the diode end of the MIRF
circuit are considered,
(I)‘ Halil of this group (60 cores) arc cnergized simultanemsly,
(3) The 60 energized cores are considered to be lumped tcgether
and to be located six feet from the diode (open) end of the
windings.
(4) 5000 secoudaries*‘ are associated with the energized cores,
2500 wires threading the cores and <3500 bypassing then.
(5) The 2500 pairs of secondaries lie contiguous to one another for
a distance of six feet on the diode side of the energized cores.
Figure 23 shows this pattern schematically. All secondaries are connected
to & comvon bus on the left of the cnergized cores. The capacitance for each
pair of sieondarien is co-pﬁted from the formula for the capacitance bethen two

e
round conductors, as follows:

e 3.8677  ptd per foot.
. N
1o¢ oin’d (1 + l.-L’(D/d)z i
: e

. 1hoo¢ conditions correspond to the actual 'orst case in the I!lr -odel--vtz..
the Accession Nusber and Superimposed Search Code scctions of the Document MIRP.

*¢ The tully expanded MIRF will have three sets of cores, two sets associated with
2000 documents and the third set sssociated with tie resatining 1000 documents.

The corresponding cores in each set will be connected in parallel and drivea by the

same driver. Schematically this may be represented by s single set of cores ror
the 3000 documents.

¢so8ee F. E. Terman, Radio Engineers Mandbook, 1st ed., p. 118, Eq. (140).




For #36 wire insulated with heavy Formvar (0.006-inch-diameter) the capacitance
for is 13.6 pic~farads per foot., Therefore, the totcl capacitance for 2500 pairs
of six-foot length is 2500 x 6 x 13.8 = 0.205 x 1()6 picofarads (-~ 0 .20% micro-
farads). The voltage developed between the threading and bypassing groups of
secondaries is 0.8 volts. for each energized core. Since the sixty energiged
cores are effectively ipn series, the capacitance must be charged to 48 volts.
Now the problem is to determine whether the capacitive current flowing
can be of such magnitude as to prevent a drive circuit from supplying sufficient
curreat tu produce a standard output voltage on a secomdary. To meet the design
specification on transient response, the capacitance should be charged in 1-1/2
microseconds. To charge the total capacitance to 48 volts in this time would require
an average current of 6.4 amperes. This current produces an MMF of 6.4 ampere
turns in the direction to oppose the MMF produced by the drive current in the primary
winding. The drivers are designed to have the capability of producing s 0.8-volt
output pulse} for ten microseconds on the secondary windings, in the absence of the
capacitive current. Because the primary winding looks almost nh & pure inductance
to the driver, the primary current rises nearly linearly firom zero to 2.1 amperes. 7
Therefore, the driver must have the capscity for supplying 2.1 amperes to the
tventy-turn primary winding, and sc for producing an WMF 'of 43 ampere turns. During
the first 1-1/2 microseconds, the MMF rises to only 6.3 ampere turns (15% of 42).
It can be scen that tlu excess ctpm_:ltr of the drivcuctrcnn (ﬁ-C.S) is -on tm
a:lequate to supply the current required té chr(o the iater-item cnp‘eiktnbneo.
(4) Analysis of Flux Leakage Problem |
| In an idealized case, & wire ‘u'u‘t passes outside a -;i-ue core mld |
not be mﬂuenced by ﬁux changes }lu the magnetic cikrcnxt-. ’ Ia physical c;rcultt.
however, flux is not vhon_y."conﬂmd within a mticj structure ud s small voltage

is induced in wires that pass outiudo’. but near, the structure. Waen the sagnetic

¢ This is the design specification for the MIRF circuit.
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structure is made in two parts and has air gaps, this leakage flux problem is
aggravated--especially in the vicinity of the air gaps.

In the MIRF experimental model, each item wire follows a complex path
associated with many cores, threading some cores and bypassing others. During
the basic MIRF operation of searching, a match on a particular item results when
its item wire bypasses all cores that are energized. Since many cores iay be
energized, the voltage induced in the selected (i.e., match) wire by leakage flux
at each core must be very small in order to assure that the cumulative voltage will
be acceptably small. The design goal for the experimental model is that the
maximum cumulative voltage due to leakage flux be less than 15 percent of the
voltage induced in a wire that threads one energized core. Since, in the worst
case, a selected wire may be subjected to leakage flux from 57 cores, the maximum
voltage contribution per core is 1/57 x 0.15 x 0.7 volts, or less than two milli-
volts, This corresponds to a leakage flux of 1/4 of 1 percent at each core,

To achieve the design goal, two methods for reducing the leakage flux
are employed:

(1) Coatoured distributed primary windings

v_ (3) Cancellation techniques,

The principal involved in the use of a contoured distributed winding is ome of

~ compensation o: the magnetic potential drop by a corresponding rise in magnetic

 .otuhti.1 at iho'point. where the drop occurs. Tb’qbtatn the most effective

clacolllficn the winding should be dxs;rihutcd completely around the core. However,
in order to .m.'. the vindings to be vound on bobbins which can then later be slipped

over the legs ot tho cor'. only two locc my be used for the diltrtbntod winding.

'»umxumuvmmuo-mmxm is shown ia Pig. 24, mﬂum

shown has a launor sp-ctnc cucopt tn the ceater where two turns are closely cp.cod

»to eolp-ls.tc for the poteantial drop across the gaps. rlcuro 25 shows the xdooltaod

llgnotte circuit spread out as though tlo core were opened on & plane through AA.
The lower draviag shows the potential drop and the potential rise around the circuit
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with an arbitrary zero of MMF for reference. The upper drawing shows the resultant
potential difference of the circuit, The leakage flux is a function of the potential
difference botween two points on the magnetic circuit and inversely proportional
to the distance between them. It is seen then that the results of the contoured
distributed winding is to greatly reduce the leakage flux by decreasing the potential
differencc along the whole leg length,
The effect of the noise cancellation winding may be explaiuzed by referring
to Fig. 26 which shows the relation of tvc wires to the leakage flux paths. One
wire represents an item winding and the other a cancellation winding. The item wire
D, being closer to the core, is linked by a slightly greater amount of leakage flux than
the return (cancellation) wire R. By connecting these two wires 30 that the induced
voltages cancel, the nex voltage will be only the ditference of the leakage flux
sigaals induced in the two wires. In a group of MIRF cores the item wire would
thread and bypass cores in s uniQue pattern and the canccllstion wire would bypass
all cores. Cancellation of the induced signsls wuld be effected by joining the
two wires togetber at one end and teking the output signal from the other end. In
practice there need not be s unique return wire ascociated with each item wire. One
return wire say be associated with a ssall group of item wires, all of which sre
Joined to the return wire st the one end of the array of magnotic cores. In the
MIRP mode]l there ure about 150 item wires assoviated with & retura wire,
8. Nechanical Design
(1) Areas of Btfort

Bechanical design effort was spent in tvo prisciple areas, One is
the over-all layout of equipment in the experimeatal wmodel and the housing of the
equipment to provide maxisum scceasibility to circuits. This phase of s mechaaical
design 15 well 1llustrated by the photographs of Rigs. 3 through §. The other asd
more challenging area is the design of structures for boldiang the U cores of the

dictinnary and docupeat BIRF uaits. Two separate phaysicsl structures are used, ome




for each MIRF. The cores are arranged in a rectaungular pattern and are supported
by long bobbins. These bobbins are firmly attached to a base structure and carr
the primary windings for the cores.
(2) Design of the MIRF Unit Module

A MIRF module is 8 complete assembly of magnetic cores, primary
windings for the cores, and sub modules of secondary windings wiih their asscciated
diodes. One of the modules in the experimental eqiuipment i< shown in Fig. 6. The
construction ol & module is illustrated by the exploded view of Pig. 7. The
principie parts of the assembly are the base, or coil bobbin, assembly and the
item wiring trays. The coil bobbin assembly consists of a field of paper bobbins
(twvo per magnetic core) that are cemented to a 1/8" thick phenolic board. Each
bobbin carries a ten turn winding. The windings on pairs of bobbins are connected
in series to fora the primary winding for ome of the magretic cores. An itea tray
is a 1/16" thick phenolic board with a field of shallow bobbins that matches the
field of coil bobbins. The bobbins on the item tray are alightly larger than the
coil bobbins, permitting item trays to be stacked up on the coil bobbin assemhly.
306 item wires can be accommodated by one item tray. The diodes that are connected
in series with the secondary windings and form the input circuilt to the dtscrtuxnnttnc
amplifier are mounted on the cdge of the iftem tray. A MIRF module is assembled by
sliding up to seven item trays into position on the coil bobbin assembly. One set
of U cores is then inserted into the set of coil bobdins and are held in place by
a plate with a spongy silicon materisl pad. The other se’ of U cores is then
dropped into pqnttton on the opposite side of the bobbin coils. Finslly the top
plate also with a spoagy pad, is dropped into positios to hol! the entire asseably
intact. The two sets of U cores are held together under slight pressure from
the silicon pads. Throughout this design specisl attention was given to achieving
s relisble method of disassembling And reassombling the module s0 that sub modules of

item wiring could be changed easily.
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Figure 27, Exploded View of MIRF Module




Several details of the construction are illustrated by the tollowing
photographs. Fig. 28 shows the bottom side of the ccil bobbin asseably partly
wired. The bottom of the coil bobbins with the terminals of the primary winding
can be seen inside the round clearance holes in the phenolic board., A complete
item tray is shown in Fig. 29. The item wires start in the upper left corner of
the trays where they are connected to a common bus bar., They passfrom left to
right in the first row of cores, then back and forth until they emerge in the
lower left center part of the tray. The wires then run to assemblies of diodes
where each wire is connacted to its own individual diode. The ocutput side of the
diodes (‘he cathodes) are connected together and wired to a small connector which
is seen in the lower lefthand portion of the tray. -Even though each tray contains
detailed wiring for 286 items, only two wires run from the tray to the external
discriminating amplifier. Figure 29 also shows a pair of primary coil bobbins with
the two U cores insertéd. Several item tray bobbins that would carry the\secondary
windings are also shown. A closeup of a MIRF module with the top plate removed is
shown in Fig. 30. The tops of one set of U cores can be seen as well as four item
trays. The connectors for the éutput of the item trays can be seen in the lower
center part of the photograph. The discriminating amplifier circuits (one for
each of the 7 item trays that can be included in a module) are located on the circuit
hoard that is mount:d in front of the magnetic module.

F. Expermiental Results
(1) Equipment Checkout

The detailed checkout of the experimental model was carried on in
two phases. In the first, work was done simultaneously on three major sub divisions
of the control logic and on the dictionary and document MIRF units. This part
of the checkout was accomplished in approximately four calendar weeks. The second
phase of the checkout consisted of the integration of the four major portions that

had been separatcly checked out and the testing of the over-all system, The
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second phase required approximately eight calendar weeks. The most common source
of trouble in both phases of the checkout was errors in the back panel wiring in
the logic and control section of the equipment. Errors in gate signal timing

and incomplete logical conditions also required a large portion of the debugging
time, Beside these ordinary checkout difficulties, there was only one significant
source of trouble: namely, noise on the system voltage busses caused by the very
large surge currents which flow during the interrogation of the MIRF units. This
condition was rectified by adding large (100 microfarad) tantalum capacitors at

the end of the voltage busses on the MIRF driver modules and by adding smsller (1.5
microfarad) tantalum capacitors on the Elco conajectors that the MIRF driver circuit
boards are plugged into,

At the end of the checkout period all logical operations designed into the
equipment worked properly. A printout of the contents of the document MIRF unit
was made to check the contents of the document MIRF and the translating capability
of the dictionary MIRF. All of the more than 1,000 documents indexes appeared in
this printout and more than 90 percent of the printouts were perfect. Most of
the remaining 10 percent contained only one error in a descriptor. Some contained
errors in two or more descriptors and a few (less than 35) contained 30 many errors
that they would be considered useless. A complete check of the dictiomary MIRF
unit as an input device was also made and it was found that more than 98 percent of
the roughly 1,000 dictionary words could be entered from the input typewriter. |
Errors in wiring of the item trays of the dictionary (misspellings, parity errors,
etc.) prevented the successful entry of words from the typewriter.

(2) Exsmples of Responses to Search Questions

Figures 31 through 36 are reproductions ot-lctutl printouts made by
the experimental equipment. Tbde format of the typewritten record of a search in
the experimental model is shown in Pig. 31. The first two lines "Stanford Research
Institute Project 4110, etc.” is a manually typed heading for the subsequent search.
It was typed while the iypewriter was effectively disconnected from the rest of

t"'\ 3
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the equipment. The search question consists of three words, namely "coding,"
"computers,” "digital.” This line was dso typed manually. The rest of the
printcut is the machine's response to the search question. Seven documents responded.
For each one, a four digit accession number and the English words that describe the
document are printed on a single line. The asterisk prefix om some words has been
copied from the ASTIA abstract, It will be observed that the three search words
appear in every responding set of indexes, It should be especially noted that the
search words appear in different positions and different order in the different
responding documents. This independence of order of the search words and the
position of the corresponding descriptors in the document indexes is an important
result of the superimposed coding of the search field.

The capability of the MIRF experimental model to reduce the number of
responding documents as the search question is made more specific is illustrated
by Pig. 32, First a search was made with a two word search question "infrared,"
"radiation.” Thirteen documents responded. The word "atmosphere” was then added
to the original words of the search question and a second search was made. This
_time only three documence responded. Finally the word “sun" was added to the
previous descriptors Lnd s search was made. This time 2 single document responded
to the search question. The principal illustrated here is that both the number of
responses and the ditnlod contents of the respoases to a general question csi easily
be found, Scanning the output of ¢ general question revesls immediately descriptive
words that can be added to the question tO restrict the responses %0 the area of
direct interest. Of course, more tﬁn ome word could be added to the oﬂglnl.ut
of words at a time. | |

Figure 33 1llustrates the capadbility of the experimsatal sodel to
handle synonomous imput descriptors. Im the first exasple the two words, "cerebrum"
and "physiology” are chosen for the search question. Ia the respondiag document it
will be observed that the word "cerebrun” does mot appear but that the word "brain”

does. So far ss the machine is comcerned, "ceredrun” amd "braia” are idemtical

n
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descriptrors. To verify the synonomous charscter of the two words, the search

question is asked again with the words "brair,” "physiologv.” It will be observed

that exactly the same document responds. Pour other examples are given in Fig. 33.

In each case the synonym is used in the first search question. The synonomous

descriptor appears in the responding document index and in the second search question.
Figure 34 illustrates the capability of the machine to make s special

search in which one of the original descriptors is repiaced by its see-also reference.

In the first example the original search question contained the words, ''membranes,’

"o"

"thin,"” "polymers." The blank line immediately below the search question indicates
that there was no response to this three word question. The three words that appear
below the original question is the heading for the machine initiated search. Here
the word, "films,” has been substituted as a see-also reference for 'membranes.”
(The ampersand symbols indicate that five possible positions in the original search
question were not used.) One document responds to the new search Guestion. The
set of descriptors shows that this is a docusent that is pertinent and one that
would have been missed if the see-also substitution had not been made. In the
sccond example the three words, "klystroas,” "eluctron,” and “tubes,” are used as
the secarch question. wune document responds to the manually inserted question. The
ﬁachtne then automatically substituted the word "amplifiers” for "klystrons,” typed
out the new search question, 'amplifiers,” “electrom,” "tubes,” and then intiated a
new search, Six documents responded and three of them--268, 290, and 308--are
rclevant to the original question. Numbers JO6 and 334 probably would not be of
interest and No. 455 responded to the manuslly inscrted question. These examples
tllustrate that the capability of the machine to modify the search question and
to initiate a new seirch ts apowerful feature.

The capability of the machine to modify the original search question
by taking informetion from respoading documents as well as from the tnput question

is tliuztruted in Pig. 33, Here the original Jesrch question was attitude,”

“learning.  There was no response to these two words and the msachine indicated this
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by indexing the printout sheet. It then substituted "psychclogy’ as the see-also
reference for 'attitude” and typed out the new search question which includea the
words, ‘'psychology,” "learning.” A new search was initiated and two documents were
found. Both of these are relevant to the origiral search question. After the
search based on "psychology" and "learning’ was finished, the machine tested to
see if any of the responding documents contained a word with an asterisk prefix.
Document 961 contains the word "'behavior." The machine then substituted "behavior"
for "attitude" and initiated another search - this time based on the words,
"behavior" and "learning." Twelve documents responded to this new question. All
of them are pertinent in a general way to the original question and it would be
easy for the searcher to select the ones of particular intersst to him.
(3) False Response Performance

In the experimental MIRF equipment document searchas uare made using
the superimposed code tecbnique*. Because of ambiguities in the superimposed
coding, accidental retrievals or "false drops’" are occasionally experienced.
Specifically a false drop is a response that is not related to the search question.
The probability of obtaining a false drop during a search is a complex function of
the detailed characteristics of the superimposed coding that is used. With a
given superimposed code field length, the false drop probability is proportional
to the number of descriptors used in the search question, decreasing rapidly as
the number of descriptors is increased. In the experimental equipment at least

two descriptors are required for usable false drop performance.

*See Technical Report RADC TR-61-233, "Multiple Instantaneous Pesponse File,"
by Jack Goldberg and others, pp. 33-42 and 93-120
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Since the false drop rate is a probability, comsiderable use of the
equipwent must be made in order to determine the false drop rate statistically.
Time available during the checkout phase of the equipment did not permit a complete
study of the false drop problem. However, the following generalizations can be
made: First, no false responses were observed with search questions including three
or more words., Second, false drops were seen with search gquestions of two words,
hut the rate of occurrence appeared to be small enough to be acceptable. Third, if
only one word is used in the search question, many false responses are obtained,
Figure 36 illustrates the kind of responses one can expect if a single word is
used in the search question. The search word is "apes.” The first four documents
that respond have nothing at all to do with"apes.” The other document indexes
that are printed out are true responses (it will be noticed that the word "primates”
appear in plsce of "apes.” This is because "apes” is a synonym.) The machine
further made a see-also special search on the word "man."” Here will be observed
that the first response is a false drop but that the second one is a true resgonse.
(4) Indications of Errors ia the Printed out Responses

The equipment has been designed to provide a clear indication of
errors in the typewritten record of a search. Ome type of error indication is
1llustrated in Fig. 36. It will be observed that there are no index terms follow-
ing the number 809, The absence of index terms indicates that a parity error was
found when the coded dorm of the accession number 809 was tested.

The indication for an error in & descriptor is illustrated in
rig. 35. In documents number 89, 505, 510, 512 and 8321 the word "test" is followed
by an ampersand. The presence of the ampersand indicates that the code of the word
generated after "'test”" did not match any code in the system dictionary. (For this
particular case it is known that the word represented by the ampersand is "wmetheds.”

Purther it is known that the trouble is in the wiring of the word "methods" in the

dictionary MIRF unit.)
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4. Conclusions and Recommendations
A. Conclusions

In general it can be concluded that all the specifications set down for
the experimental Multiple Instantaneous Response File are technically feasibie.
Interrogation of the magnetic storage units (MIRF's) and over-all control of the
system can be accomplished with reliable circuits of modest complexity. Easy
communication between a human operator and the machine has been demonstrated. The
machine's response to a search question is essentially instantaneous in terms cof
human reaction time and the information content of the response is sufficient to
allow the operator to modify his question and go directly to the document indexes
of special interest. It can be concluded that certain automatic featurea such
as the handling of synonomous input descriptors and the machine modification of
the original search question can be achieved without undue complexity.

Several preliminary conclusions can be drawn from the macihine performance
observed during the check-out of the experimental model, It appears that the auto-
matic substitution of the see-alsou reference of an input descriptor is a useful
feature; but that the modification of the original search question by taking
weighted descriptors fram responding documents appears to be less useful. In many cases
the combination of the asterisked descriptor with the original search terms gives
a question with no responses. An examination of how to select descriptors from
responding documents is needed in order to make this feature more useful. The
capability of the experimental MIRF equipment to accept synonomous input descriptors
also appears to be an important feature. Another interesting feature, which is
not included in the present model, could be designed into future equipment. This
would enable the machine to retrieve document indexes in which the form of the
descriptor was somowhat different from that of the input (search) descriptor. The
descriptors would be required to have the same root and meaning, but different

vord endings would be allowed,
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Positive conclusions can be reached in regard to three of the most
important properties of a file searching system of thie type. First, it is
concluded that searching by means of a superimposed code is feasible both from
the standpoint of the circuits required and the falsw response performance that
is obtained. Second, it is concluded that storage of the document index informa-
tion in wiring associated with arrays of cores that are physically separable is
feasible. Experience with the experimental model shows that the arrays of cores
can be separated, submodules of wired information csn be changed, and the core
arrays reassembled in a reasonably short time, More work on the mechanical design
of the magnetic modules is neéded, however, to permit easier and faster changing
of the stored information. Third, it is concluded that a basic system building
block has been established. The experiwental model as delivered to the sponsor
demonstrates that good performance canlbe obiainod with a file of more than 1,000
document indexes. Experience with the e;pefilental model indicates that expansion
to five or six thousard document indexes can b2 achieved. It appears that with
the present design the sy:tem building block lhodld contain about 5,000 document
indexes. It also appears that as many as ten such building blocks could be combined ¢
in a cystem whose over-all control is little more complex than that for a single
building block. Therefore it is concluded that files of the order of 50,000
indexes could be built with no major changes in the basic concepts or circuits

used in the experimental model.

B. Recommendations

A program should be initiated for applying the prlnétyldo dc-ountritod
in the experimental model to & substantially larger system. Special attention
should be given to the method of realizing information storage in the fora of
wires associated with the magnetic cores. The method selected should lend itself
to automation so that the complete process of preparing stored information can

be machine controlled.
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A study of the further application of the Multiple Instantaneous Response
File concept should be initiated. 1In the field of document retrieval, the effect
of removing limitations on word length and the nuaber and nature of the descriptors
used in document indexes could bc investigatod. The use of phrases of two or
more words as search entities might also Ds examined. The application of the MIRF
principles to code and language translation and other search type operations that
require rapid feedback should be studied. Morec generalized search problems, such
as pattern recognition, should be included. Applications that make use of the
inherent speed of the search equipment should be investigated. (In the experimental
model, the typewriter is by far the slowest part of the system). For example, the
document information storage and the search facilities of the equipment could be
shared by multiple user consoles. By time multiplexing techniques, many users
could be given effectively private use of the machine. Applications in which the
human operator is not s key figure should also be exsmined. The internal speed
of the equipment makes feasible the use of digital computers or other couputer-
llke machines as input-output devices.

New developments in superimposed coding should be investigated as a
means of improving the efficiency of the searching operation. Recent work has
shown that it is possible to design superimposed codes which can be decomposed to
Iive the unique set of componentr of the superposition. Besides being uniquely
decipherable, such :uportlpo:.d codes aiso ottef the possibility of retrievals
with no}tulso responses. With the new codes it may he possible to retain the
advantages of lupcrtiposed coding (for example, freedom from the field indeterminacy
problem) without suffering from the ordinary disadvantages of superimposed coding
(for example, a finite falsz respoase probadility). A simpler over-all design
of the system may alio be possible using the pewer superimposed codes. |
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APPENDIX 1

OPERATING INSTRUCTIONS FOR THE AN/GSQ - 81 DOCUMENT DATA INDEXING SET
A. DMachine Turn-on

(1) AC Power Turn-on. AC power is applied to the machine by throwing the
AC power switch to ON. This switch is located on the table level control surface
immediately at the left of the imput/output typewriter. After the AC power has
been turn on, an automatic sequence turns on the DC voltages in the machine ia
the proper order. After about 10 seconds the light associated with the AC power
switch will come on to indicate that all DC voltages have reached their operating
levels.

(2) Typewriter Turn-on. The typewriter should be turned on by throwing
the OFF/OM switch which is located in the lower right portion of the keyboard
surface to ON.

(3) Master Clearing. After the AC power indicator has come on, the master
clear buttos located immediately to the right of the AC power switch should be
depressed. Operation of this switch sets all control flip-flops in the mechine
to their initial states and turns on the system synchroaising clock.

B. Typing a Beading

After turning on the AC power and the typewriter and imitial clearing, the
typewriter 18 ready for use. At this time the typewriter outputr is not eqmoctod
t§ the rest of the system, and the typmtior may be used ia the ordimary way.
Information such as the project mmber, the -utﬁ. tho aame of the searcher, etc..
asy be typed out as & hesding. All mechise fuscticas may be used, iscluding
back-space, shift, carriage returs, indexing, otc. The heading way be as long
as desired. At the end of the heading the typewriter uhould bo‘ carriage returaed.
C. [Butering the Search thﬂg

After typing of the heading has beea completed, the cutput of the typewriter

is connected to the iatermal logic of the system by pressing the start data iaput
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switch. A green light immediately above this switch will come on to indicate that

the machine is ready to accept search question data. A search question consists

of a number of English words which describe the content of the document of interest.

These English words are typed cne after another with a punctuation mark after each
one. Normally words are separated by commas and the last word is followed by a
period. 1f the search question includes a two-word phrase, a space is used
following the first word of the phrase. At least two and at most eight words may
be used in a search question.

The logic of the machine automaiically checks the input words to make sure
that they are included in the vocabulary of the system. If a word that is typed
in is not in the vocabulary or if it is misspelled, the machine will indicate
that the word is not a valid descriptor by lighting a light on the display panel.
At the same time the typewriter keyboard is locked. Tc clear the effect of an
invalid descriptor, the unlock keyboard switch should be depressed. It should
be noted that the use of this switch to unlock the keyboard affects only the word
that was in error. For example, if three valid deacriptors bave been typoed in
and an orror had been made in the fourth, then unlocking the keyboard would not
affect in any way the three valid descriptors.

D. Starting the Search »
After the words of the search question have been tyﬁod and have been checked

to make sure that the set of words is complets, the search is imitiated by oper-

- ating the carriage return cof the typewriter. From the time that the carriage

return operates until the typing out of responding documents has been completed,

the keyboard is locked. After the search has been started, the operation of the

’ nyltc- ie éolplotnly sutomatic. The first thing that the operator should observe

18 the number of responding documsnts. If there are no document i dexes in the
file that match the search question, the no respounse light will coms oo and the

sachise will .tdp. If there 18 at least one document index that mstches the
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search question, the machine will count the number of responses and display them
on the numeric indicater. The machine will then immediately begin to type out
the complete index of each resp-nding document, starting with the one having the
lowest accession number.

If the number of responding documents that ig displayed on the numeric
indicator is very large, the operator may desire to £top the typing out of docu-
ment indexes before the entire list has been completed. The typewriter can be
stopped at any time by pressing the master clear button. Usualiy it is most
desirable to stop the typing after a complete index has been typed out and the
typewriter has carriage returned.

This document data indexing set has designed into it several automatic
features that provide for a machine modification of the original search question
and the machine initiation of new searches. [t will be observed that in some
cases, the machine wvill type a new heading after the search based on the original
input descriptors have been completed. The machine will then go ahead and search
and type responding documents for the second search. As many as three machine
initiated searches can take place after i(he original search has been completed.

The indicator light marked "locked in typing mode normally comes on while
the typewriter 1s tyvping out responses to a search question, If this light stays
on after thc typewrfiter stops typing, a lock-up in the typeeriter circuit is
indicsted, This condition should be‘cle-red by pressing the release button which
is located directly beneath the 'locked in typing pode" indicator, The lypovrltef
must not be used until a lock up condition of this kind has been cleared. If by
accident the typewriter is used, the machine may behave sbnorsally. For oxample,
the tvpewriter may begin to index and feed puper. In this case, both the master
cionr and the releasc switches should be pressed. |
E. Machine Turn-off

In order to turn off{ the machine both the ON/OFF switch on the typewriter and
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the the AC power switch should be thrown to the off position. It is importaut
to check the condition of the typewriter ON/OFF switch to make sure that it is

off because the typewrite: power is supplied directly and not through the control

of the AC power for the rest of the systea.
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APPENDIX I
LOGICAL DESIGN OF THE AN/GSQ - 81 DOCUMENT DATA INDEXING SET

A. Entering the Search Question

The circuits used in entering =z search question into the MIRF system include
an electric typewriter, an input/cutput register, and an alphabetic descriptor
register. The function of these circuits is to store an English word that is
typed in as part of the search question in the alphabetic descriptor register in
binary coded form. As an example, consider how the word "circuit” is entered into
the register. VWhen the first letter is typed, a six-bit code is transferred to
the input/output register. The contents of the register are tested to see if the
code is that of an alphabetic character. Because it is, the 6-bit code is con-
verted to a 5-bit code which is then gated to right-most portion of the alphabetic
descriptor register. The code of the second letter is transferred to the inputr/
ocutput register, tested, and coaverted to a 5-bit code. After the contents of the
alphabetic descriptor register are shifted S places to the loft the code of the
second letter is gated to the register. This procedure continues until the last
letter, t, has been received and stored in the alphabetic descriptor register.
The next output from the typewriter is either a lp-c; or a comma. The special
character detector associated with the input/output register detects the fact
that this is not an alphabetic code and inhibits the gating of this code into the
register. Instead of gating, s signal is given which csuses the conteats of the
alphabetic descriptor register to be shifted to the left until the first bit of
the first alphadbetic code is in the left-most pasition of the register. A aignal
L8 alsu generatad at this time to intttitﬁ a sequance wvhich tests to !1id it the
English word just typed in 1s actually contained in the system dictionsry. For
this example, a word which contains less than 10 letters was chosea. If the input
word conta‘ : exactliy 10 characters, the nlpﬁabottc descriptor register is

completely filled by the alphabetic code. When the space or comma 18 detected,
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the step for shifting the register would be omitted.

Another function of the special character detectors should be pointed out
at this time. After all the descriptive words ¢f an input search question have
been typed, the operutor causes the typewriter to carriage return. The presence
of the code for carriage return is detected in the in/cut register and a signal
is generated to cause the beginning of the scarch for documents responding to
the search question,

B. Generating the Search Code

The first operation in generating the search code i3 testing the validity of
the input descriptor. The contents of the alphabetic descriptor register are
gated to the dictionary MIRF and the output of the discriminating amplifier associ-
ated with the dictionary MIRF is examined. If a match indication is found, a new
sequence is initiated. If 2 mismatch is found, a contrcl flip-flop is set, an
invalid descriptor light is turned on and the typewriter keyboard is locked. Ir
this case the keyboard must be unlocked before a new descriptor can be entered.

If the input descriptor is valid, a new sequence is begun which uses the
alphabetic descriptor register, the serial number register, and the serial number
counter. The purpose cf this sequence is to generate in the serial number register
the 13-bit binary serial number of the descriptor whose alphabetic code is stored
in the alphabetic descriptor register. This is domne by a sa2quence which is
similar to that used in determining whother or not the input descriptor was valid.
First the parity bit of the serisl number is tested. In this test the value of
the parity bit is assumed to be 1, If the result of the test is true, then the
parity bit actually is 1. However, if the test 1s false, then the parity bit was
0. At the beginning of the sequence, the serial number register is cleared to
all one's and the serial number counter is sut so that the output of the deccder
that corresponds to the parity bit is energized. Then the alphabetic descriptor
register and the serial number decoder are gated to the dictionary MIRF. The

output of the dictionary match detector is examined and if a mismatch is indicated,
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the left-most bit of the serial number register is changed to a zero. If a
match is indicated, no change is made. Then the Sserial number register is
shifted one place to the right. At the end of 13 such cycles the serial number
register will hold the 13-bit number of the input descriptor. The parity of the
number in the serial number register is checked and if it is correct, the sequence
for generating the search code is started, 1If the parity ies incorrect, a contrel
flip-filop is set, the keyboard is locked and a parity error light is turned on.

The search code of an input descriptor consists of 5 one's uniformly distri-
buted in a field of 80 bits. The search code is generated from the 13-bit serial
number of a descriptor. Actually the parity bit is not used and the remaining
12 bits are broken into thre=z 4-bit sections. First the right-most four bits
in the serial number register, not counting the parity bit, are gated to the
search code generator. The four bit number is decoded to one out of sixteen
leads energized and the decoder output is gated to the right-most 16 positions
of the search code accumulator. Next, the serial number register is shifted
four places to the right, again four bits are gated to the search code generator.
After the search code accumulator has been shifted 16 places to the left, the
decoded output of the search code generator is gated to the accumulator. The
serial number register is again shifted to the right and the third four bit
portion of the serial number is used to get the third portion of the search code.
The fourth and fifth portion of the search code are obtained by performing certain
logical coperations on portions of the serial number. At the end of this sequence,
the search code of the descriptor wh.ch is stored in the alphabetic descriptor
register is stored in its proper position in the search code accumulator. The
same procedure is used for generating and transferring the search code of the
next input descriptor to the search code accumulator, The second and subgequent

search codes are superimposed upon the first one stored in the search code
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accumulator, thus generating a superimposed search code for the input guestion.
C. Starting the Document Search

After all words of an input question have been typed, the operator causes
the typewriter to carriage return. This action is interpreted as the signal for
beginning the actual search. First a test is made to see if any document in the
file includes the search question, This is done by gating the contents of the
search code accumulator to the document MIRF and observing the output of the
document match detector. A match output indicates that one or more documents
have responded to the search question. In this case 2 sequence is started for
generating the unique accession numbers of the responding documents. If the
match detector output indicates a mismatch, then the search procedure is terminated
and a light is turned on to indicate that there was no response to the search question
D. Generating a Unique Document Accession Number

The prccedure for generating a unique document accession number* is similar
to that used in generating the serial number of an input descriptor. However,
the generation of an accession humberrrequires a two-phase operation, one phase
being called a Mode-A search, and the other a Mode-B search.

(1) Mode-A

At the start of any Mode~A sequence there will be a continuous string

of X (don't care) symbols in the accession number register extending from the
least significant digit to some higher order digit. For example, the number
d5d4xxxx, represents the range of numbers from d5d40000 to d5d41111 where d5 and
and d4 were obtained by a previous Mode-B search, On the first test of a search,
all digits will be X, Mode-A proceeds by setting the X digits to zero , one at
a time, starting from the most-significant X digit and testing the file (including
the search code accumulator). If the file response is positive, the trial zero
is preserved in the next pattern; if it is negetive, the trial zero is changed to

one, e.g. LI d5d4oxxx fails, the next test pattern is d5d410XX. wWhen all X's

—
See E. H. Frei and J. Goldberg, "A Method of Resolving Multiple Responses in a
Parallel Search File", IRE Trans. on Electronic Computers, Vol. EC-10,
pp. 718-722, December, 1961, Ik




have been removed, by shifting the inhibit number register to the right one digit
at a time, the resulting number is that of the lowest-numbered responding item
in the given number range., Subsequent testing proceeds in Mode-B.

(2) Mode-B

Mode-B starts with a complete number which contains no X symbols, i.e.
the inhibit number register is completely reset. In successive steps, it estab-
lishes continually lengthening strings of X symbols, starting with the least-
significant digit and extending to some higher order digit. Each string is
headed by a one symbol. On the first test of a B sequence, if the least-signifi-
cant digit is a zero, it 1s changed to a one, and the resultant pattern is tested.
This number may be accepted as a new responding item, Whether or not it 1is
accepted, subsequent tésting proceeds in the B Mode., The next test pattern is
established by changing the least-significant zero digit to one, and all lower
digits to X. PFor example, 101001 is followed by 10101X, 0011XX is followed by
01XXXX, etc. Instances where a digit is already a zero do not require a test
of the file.,

If a new B pattern is accepted, a range of numbers containing one or
more new responding items has been found, and the testing changes to Mode-A., If
no new B pattern is accepted, i.e. if ultimately 1XXXXX is rejected, the search
i8 ended.

E. Generating and Typing Data from the Responding Documents

After the accession number of a particular document has been generated, the
accession number aad the English word descriptors of that document are printed
out on hard copy. The accession number is handled by gating the four left-most
positions of the accession number register (which contain the BCD code of oune
digit) to the input/output register. A code conversion is performed to change
the 4-bit code into the 8-bit code required as a typewriter input and the digit
is typed. The accession number register is shifted four places to the left and

the above procedur- is repeated to get the second digit. This is done uniil all
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four digits of the accession number have been printed. Next, the serial numbers
of the descriptors of the document are generated by interrogating the document
MIRF. The word selector is set to the position of the document MIRF which
corresponds to the first descriptor to be printed out. The serial number counter
is set so that the decoded output lead that corresponds to the parity bit of the
serial number i8 energized. Then the accession number register and the decoded
output of the serial number counter are gated to the document MIRF. The output

of the document match detector is gated to the left-most position of the serial
number register. The serial number register is shifted one place to the right,
and the serial number counter is advanced one. Then the accession number register
and the decoded counter are again gated to the MIRF. This procedure continues for
13 cycles and at the end of this time the serial number of the first descriptor

is stored in the serial number register. The next step is to translate the

serial number of the English word into alphabetic code that can be used to

operate the typewriter. This is done by gating the entire contents of the serial
number register to the dictionary MIRF along with one bit of the alphabetic
descriptor register, At each gating to the MIRF the dictionary match detector

is gated to the input/output register and after five cycles the five-bit code

of one alphabetic character is stored in that register. After the character has
been printed the generation of the next alphabetic ietter is started. This
continues until all letters of the first descriptcr have been generated and
printed and then the word selector is set to the second word. The 13 bit serial
number of the second descriptor is then generated and following this the alpha-
betic codes of the English letters of that deacriptor are generated and printed.
This procedure continues until all of the descriptors associated with a particular
document have been printed out. Then the test is made to see if there are other
responding documents. If so, the accession number of the next responding documeant

is generated. If not, the special machine initiated searches are started.
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F. See Also Special Search

In the see also special search, a new search question is generated by
replacing one of the descriptors of the original search question by its see also
reference. In order to accomplish - this, a means for storing ail ot rhe input
descriptors must be provided., Also, the serial number of the see also reference
must be generated and stored, In this indexing set, these functions are accom-
plished as follows:

After the test has been made on the input descriptor and it has been found
to be valid, a test is made to see if there is a see also reference associated
with that descriptor. This is done by gating the contents of the alphabetic
descriptor register to the MIRF at the same time that a see also test bit is
gated to the MIRF. The output of the dictionary match detector is examined to
determine the presence of a see also reference. If there is a reference, the
serial number of the see also reference is generated bit by bit as explained
before and is stored in the serial number register. If its parity is correct,
the 13-bit number is transferred from the serial number register to a slot in a
core memory register, Then the serial number register is cleared and the serial
number of the manually inserted descriptor is developed. If its parity is correct
it is transferred to a different position in the core memory. Then the search
code of the manually inserted descriptor is generated as described in a previous
paragraph. Actually only one see also reference serial number is stored in the
core memory, namely the first one that is detected. When a see also reference is
found, a control flip-flop is set to record this fact,.

When the search based on the manually inserted descriptors has been completed,
a test 18 made to see if the see also reference flip-flop has been set. 1f so,
the search accumulator is cleared and a seqience is initiated to generate the new
search question., To do this the magnetic core memory is examined. If thers is a

see also reference serial number stored in the first slot of the memory, it is

transferred to the serial number register. Then the search code of this serial
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number is yenerated and transferred to the search code accumulator, If the first
slot in the core memory does not contsin a see also reference, the serial number
of the first manually inserted descriptor is transferred from the core memory

to the serial number register and its search code is generated. Each memory slot
is examined in this way and either the serial number of a see also reference or of
a manuslily inserted descriptor is transferred to a serial number register and a
search code is generated. In this way a new search question is developed. When
the last position of the core memory has been tested, a signal corresponding to
the carriage return of the oporator is developed and a search sequence with the
new search question is begun.

In order to mark the beginning of the printout of a see also special search
on the typewritten Lard copy, a see also heading is printed. PFor each serial
number that is transferred to the seriszl number register, the alphabetic codes
are generated by the MNIRF interrogation sequence and the alphabetic letters are
typed out. All English word descriptors appear on one line, The internally
generated signal which starts the see also special search also commands the
typewriter to carriage retumrmn.

G. Asterisk Special Search

In the asterisk special search a new search quositon is generated by using a
descriptor that has been obtained from one of the responding dbcu-.nti. This
descriptor must be different from any descriptor used in the manually inserted

search question and it is added to the second and third descriptors of the original

_search in order to get thes new search question,

Bach descriptor serial number stored in the document MIRF has a special bit
position that is used to indicate whether the descriptor ie markod by an istortsk.
After the serial number of a descriptor of s responding document has been generated
and stored in the serial number register, a test is made tO ses if the asterisk

bit is u one (i.e., the descriptor is marked by an asterisk). 1If it is, the
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contents of the serial number register and the slot of the core memory that
contains the first manually inserted descriptor are fed to a comparator and are
compared bit by bit, A perfect match means that the descriptor obtained from the
respounding document is exactly the same =% the first manually inserted descriptor.
If there is a match, the serisl number in the serial number register is discarded
80 far as the special asterisk search is concerned. A amismatch during the
comparison means that the descriptor from the responding document is not the

same a8 the first manually inserted descriptor. However, it may be the same as
the second, third or other of the manually inserted descriptors. Therefore the
contents of the serial number register are compared with the contents of the
second, third and other slots of the core memory to see if the responding
descriptor is the same as any input descriptor. If no match is found during this
process the descriptor is stored for future use by transferring the contents of
the serial number register to a special position in the magnetic core memory.
Then s control flip-flop is set to indicate that a descriptor with an asterisk
has been foumnd.

After the sesrch basod ob the manually insertad descriptors asnd a see also
special search (if any) have been completed, a test is made to see if the
asterisk control flip-~flop has bsen set. [f so, the search accumulator is
cleared snd a sequence is initiated to generate the new search gquestion. To do
this the portion of the sagnetic core memory that contains the stored serisl
number of the astorisk descriptor previously found is examined. The serial
ousber is transferred from the core senory to the serial number register and the
search code corresponding to this serial nﬁlboi is geonerated and transferred to
the search code accumulator. Then the serial number of the first descriptor
that was manually inserted is transferred from the core mesory to the serial
oumber register and its search code is generated and traasferred to the search
code accumulator. Likewise the serial nunber of the iocond uanuslly inserted

descriptor is handled. When the gesneration ox the new ssarch question is completed
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a signal corresponding to the carriage return of the operator is developed and
a search sequence with the new search question is begun,

As in the case of the see also special search, a special heading is printed
out to indicate the beginning of the asterisk aspecial search. For each serial
number that is transferred from the core memory to the serial number register
the alphabetic code is generated by the MIRF interrogation sequence and the
alphabetic letters are typed out. All English word descriptors of the new search
question appear on one line. The internally generated signal that starts the

asterisk search also commands the typewriter to carriage return,
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APPENDIX III
REDUCTION OF RAW DOCUMENT INDEX DATA TO THE FORM USED IN T™HE WIRING JIG

A. Introduction

The documents whose indexes are stored in the document data indexing set
wvere selected by Rome Air Development Center personnel. The document information
was furnished to Stanford Research Institute in the form of clippings from
ASTIA Technical Aspect Bulletins mounted on 5 x 8 inch index cards. Each
card was marked with a four digit personal number which was used as the accession
number in place of the longer AD number. In the descriptor portior of the ASTIA
abstract, the words that were to be used in the document index were underscored.
Single and multiple word descriptors were used with the total number of words
limited to 8 and the number of letters per word limited to 10, In checking the
approximately 1100 cards furnished by RADC, errors, such as too many letters in
a word or missing or unmarked descriptors, were found in about 10 percent of
the cards, After these errors were corrected, the accession number and descriptor
data were reproduced in purched-card form. Computer programs were then written
to translate the alphanumeric information into the detailed birary informstion
required for wiring the actual item trays. The output of the computer prucessing
was a set of punched cards that were used in a punched card reader that formed
the input to special wiring cquxp-ont?
B. Procedure for Translating Document Data into Machine Readable Form

This scection dea-cribes the procedures used to tranﬁlité the ASTIA document
information to punched cards which were sujtable for machine reading.

Before the data could be transcribed, a simple form was designed for use
by the key-punch operators (sce rxg. trr-1). Thi% NAH MCCCSSATY because 1t
could not be expected that the key-punch ywrators could produce crror-{rec

punched cards if they were required to read directly from the -arkcdkASTlA data,

¢ See Appendix 1IV.
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Figure III-1.

Format for Coding MIRF Document Informmtion
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The use of this form required that someonc manually transcribe the marked ASTIA
data onto the iorm. This step in the process was the weakest link from the point
of view of introducing errors, and thus checking procedures were used.

Since there is a maximum of eight words of ten letters each plus a four-digit
serial number associated with cach document, two punched cards per docuaent are
required. (A standard punched card has capacity for 80 characters.) Each of

o,

the two cards contained the document serial nu~ber and a subnuaber ("1" or 2"}
identifying the first and second card, The first card contained the first four
words of the descriptors and the second card contained the last four. Both cards
were used regardless of the number of words~-i.e., the second card may contain

only the documcnt number and the subnumber '2.”

The procedurc required that the foliowing data be transcribed onto the form:

(1) Document serial number, once for the first card and once for
the sccond card (the subnumber was entered on the master of the
Enrn)
(2)‘ Up éa eight words forming the document descrjptors
{3) "L:nks“vfa <ymbr} used between adjacehf wards to iﬁdlcato thev
are part of a muliiplr vord descriptor
(4) Asterisks i1ndscsting an aaportant dsg%rxpznr.
Thi~ daty was transcribed by hRand aad not p;GQ{*rcaﬂ. The farmr were th@n.
ent to Key punch operators who prepared punched card-, A listing (printing
the rontsnts of the cards on an [BM 407 tabulating sachine) of the deck was thea
nhtsined ta b used for proof-reading. |
The lixting «ax then very carcfully comparetd against the original  ASTIA
Axta. (The [Hrrms sved for key punching were no longer used.) Approximatrly 8
psrcrnt'ni the entries s the listing Sad some sart of error, The majority of
Crrors were ol -<an of a link symbol or the asterisk,  In addition. some words
aere mpvspellod,  There sere only 8 ies Key-punching errors. The correction of
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these errors was marked directly on the listing, and then the listing and deck of
punched cards were returned to the key punchers for corvection.

After the punched cards were corrected, a new listing was made and this new
listing was again compared against the criginal ASTIA data. Approximately
one-half percent of the documents still nad errors of some sort, These errors
were corrected and pronf-read and the deck of punched cards was then assumed to
be error-free, This completed the punched cards to be used as input data by the
computer to prepare wiring-aid data to wire the document MIRF.

The next step in the processing was directed toward obtaining a deck of
punched cards to de used as input data by the computer to prepare wiring aid data
to wire the gigﬁigggzz MIRF. The major portior of this procescing was done on
punched card machines.

The document punched cards prepared above were read and a new card was punched
for every descripror word on the document card. The new card contained only the
alphabetic word. This uew deck of cards was then sorted and listed. This listing
was scanned for mis.~elled words (five were found) and was also used to give an
indication of the frequency of use of word, The deck was then processed to remove all
duplicate cards. The remaining deck containing one card per word was retained for
further processing.

I+t was desired to take this last deck of cards and assign a serial number to
each card (and thus to each word). The serial number was to be a 12-bit binary
number and there was to be a random assignment of the serial number to the word.
To accomplish this, a short computer program was written in the ALGOL langugage
for preparing a deck of punched ca,ds with a 12-bit binary number in octal form
together with a pseudo-random 5-digit decimal number. This punched card deck was
then sorted on the pseudo-random number.

The punched card deck containing the desrriptor worus was then s.rted into

th
alphabetical order and the n =~ card of this deck received the serial number of
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the nth card of the numbered deck. This collated deck was then listed.
The above listing was used to add the see-also reference number which
was then addea to the punched cards by the key punch operators. Data for
synonyms was then obtained and entered into a form for key punching cards. This
iatter deck was then listed and the listing proof-rcad. (Note: A synonym was
distinguished by the letter S punched into the 75th column of the card.) This
completed the processing of the deck of punctned cards to be used for input data
for the computer program for the generatinn of the dictionary wiring aid.
C. Programs for Production of Detailed Wiring Ianformation
(1) General
This section presents information regarding the functions of the
various programs, and the format of their associated punched cards.
The programs were run on the CDC-~160A computer but were written
to allow running on the CDC-160 computer. The data input and output medium
is punched cards; however, the format of the input data is significantly different
from the output data. The input data is in standard Hollerith code, but the
output data is in a code of our own choosing since the computer can punch row-
binary , i.e., any of the 960 possible positions on the card may be punched.
Magnetic tape is required as temporary storage of the dictionary words and their
associated serial numbers,
Therc are three relatively independent programs which, when taken
tog ‘ther, will generate punched cards that will be used to aid in the wiring of
the core stacks., The function of each of these programs is briefly stated as
follows:
a The dicionary words, their associated serial numbers, and their
see-also reference serial numbers form the input data for the
first program which places this data on magnetic tape. The major
portion of the program is devoted to extensive checking of the
input data and also the data after it has been written on the

1I1-5
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magnetic tape. Any deviation from perfect (i.e., an error)
results in a satopping of the program necessitating a restart

after the error has been corrected.

1o

The second preogram reads the date on the magnetic tape generated
in 2 above, translates it, and punches the cards used to aid in
wiring the dictionary MIRF, one card per dictionmary word.

The third program uses the data on the document cards (input data)

o

and the magnetic tape from a above to generate the cards used to
aid in wiring the document MIRF, one card per document.
Somewhat more detail of the functions performed by these programs is
given below.
(2) Input Data Formats
The input data punched cards are in two sets: (1) the dictionary input
data, and (3) the document input data. The format of the dictionary input cards
is shown in Table IXII-A and any columns of the card not explicitly listed are
blank. The document input data requires two cards per document with the format given in
Table IXII~B. Any columns of the card not explicitly listed are blank.
The majority of the dictionary cards were obtained by machine processing
of the document cards.
(3) Program mnctmns’.l
& Tape writing program
l. The contents of one dictionary word card are read, the format

of which is specified by Table III-A,

(-

The input data is scanned and checked to see that the format
of the data is correct and that only allowable characters are
used, e.g., no numeric information in the field reserved for
the dictionary word, Any error found causes termination of

the progran.

« The programs perfors these functions but not necessarily in the order given.
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TABLE III-A

FORMAT FOR DICTIONARY DATA PUNCHED CARDS

Columns Data
3 - 12 Word (alphabetic characters, hyphen, or bLiarni)
19 ~ 22 Serial number of word, octal notation for 12 bit
binary number
25 - 28 Serial number of See-also reference, octal notation
for 12 bit binary numbe:r
75 "S" if the word is a synonym, blank otaerwise
77 - 8C Card sequence number (rnot used in computer)
TABLE III-B
FORMAT FOR DOCUMENT DATA PUNCHED CARDS
Columns Data
3 - 6 Accession number: 4 decimal digits
8 Card number: 1 (2)1
11 - 20 Word numbar 1 (5
21 ! Asterisk for word number 1 (5)
22 % Link for words 1 (8) and 2 (6)4
25 - 34 ‘ Word number 2 (6)
35 ; Asterisk for word number 2 (6)
36 E Link for words 2 (6) and 3 (7)
39 - 4« Word number 3 (7
49 Asterisk for word number 3 (7)
50 Link for words number 3 (7) and 4 (8)
53 - 62 Word number 4 (8)
53 Asterisk for words number 4 (8)
64 Link for words 4 and 55
Notes: "re e are two cards per document, the numbers in parenthesis refer
16 .ac second card of the pair.
4. Aljpaubctic character, hyphen, or blank, only.
3. Astcrisk or blank only,
4. Blank or 1 only

Column 64 ¢n the second card of the pair always has a blank.
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Note: This checking is extensive and comprises a major
portion of the program, however, this is justified
since errors that are allowed to pass uncorrected
will propagat- through the system,

3 The data is written onto magnetic tape and an automatic check

is made by the computer. If a error results during the check

a program interrupt occurs. For purposes of this program, it

is assumed that such an error cannot be corrected and the program
terminates,

Note: It can be seen from 2 and 3 that any flaw whatsoever
during the execution of the program causes its
termination. This has been done to insure perfection
in the resulting magnetic tape.

Dictionary MIRF program

1 The magnetic tape generated in a above is read, one dictionary

word (and its associated drta) at a time,

g This data is translated both in format and code as specified
in Tables III-C, III-E, III-G, and III-H,
3 A dictionary wiring card is punched in the format specified

by Table I1-C.
Docuient MIRF program
1 A pair of document data punched cards is read and checked

for correct format, i.e, data associated with one document,

g The magnetic tape generated in 2 above is scanned for
the corresponding serial number (and see-also serial number)
for each descriptor word.

3 Once the serial numbers fcr all words of a given document are

found, the superimposed code for that document is computed.

1118
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TABLE II1I-C

FORMAT OF RECORD FOR DICTIONARY MIRF WIRING PUNCHED CARD

Row Col. Data
Y 1 Presence of See-alsc reference, one corel
4 2 - 25 Word serial number, 12 bits, two cores per bit.

See Tables VII and VIII for the bit code.

9 26 - 27 Single odd parity bit for the word serial number, twu cores.
See Tables VII and VIII for the bit code.

9 28 -39 See-also reference serial number: 12 bits, one core per bit.2

9 Lo Single odd parity bit for the see-also reference serial
musber, one core.

9 L1 te Dictionary word, 10 characters, 5 bits per character, 2

8 60 cores per bit. See Table V for the character code.

Notes:

1. Punch (a binary 1) indicates absence of see-also reference.

2. If there is no see-also reference, the see-also reference serial
number 18 to be all binary ones (including the parity bit.)

3. If there are less than 10 characters, say n, then character n + 1
must be a "blank" code (see Table V). Characters n+ 2, ..., 10
should have the "special" code of Tabie V.
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TABLE 1lII1-E
ALPHABETIC CODE FOR DESCRIPTOR

1I1-10

..0.. - O A O O MM MO MO A O A DO ™M MO D H D O =~~~ Cc O
D O o O ~A O M~ O O M O H O r O rH O O M M O ™ O m™M O O r
V]| A~ < O O O O O O H H A O O O O O O m M H ~ O O m =~ O
6] O O O A4 H A M A A O O O M A A H A A O O O O ~M ~ O O ~ O
O~ O O ~ A O O M M A O O N " O O ™M ~ O O M M O O ~ M O
.W Njo A ~ O O < < O O O A A O O ™ ~ O O ~ ~ O O ~ ~ O D ~ O
wd. ~ A A OO A A A A 40 00 O 0 0 0 00 O O M
g£IM] O O O O O O O ~ ~ O O O O O O O M~ M~ A ~A ~ ~ ~ A ~ ~ ~ O
4
.m N] O O O O © O O O O M H M rM M N A M N ~ 4 ~ M < = O O O
b..u ~ A A A 4 At A 400 0 0 0 0 0 0 0 O 0 0 60 0 O M - MO
o =
@ J
g 5 3
o 1Y w fy
- A Q
2 3 &
Vi @ O A M m O X = = 8 1 =2 2 O A @ 2 01 5D > = £ > 1 2 1 w0

The alphabetic code is a five bit, 2 core per bit code.

Note:




TABIE III-F

ACCESSION NUMBER DECIMAL DIGIT CODE

Punching Code
Digit .1231;5678
0 1061012010
1 1010102031
2 101001110
3 101001021
4 10011010
S 10011001
6 10010110
7 10010101
8 01011010
9 61011001
TABLE III-G

PRMRYH(RDSERIALWBITCODE

Punching Code
Bit 1 2
0 1 0
b . 0 1
TABLE III-H

Punching Code
rit 1 2
0 0 e
1 1 1




'S

o

The format and code of segments of the input data, the
serial numbers, and the superimposed code are translated
as specified by Tables I1I-D, III-F, and III-G.

A document wiring card is punched in the format specified

by Table III-D.
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TABLE IIl-D
FORMAT OF RECORD FOR DOCUMENT MIRF WIRING PUNCHED CARD

Row Column Data

9 1 asterisk for word number 11

9 2 linidng bit for words 1 and 22
9 3= serial number of word number 1 (SH-1)
9 15 odd parity bit for SN-1

9 16 asterisk for word numbver 2°

9 17 linking bit for words 2 and 3
9  18-29 SN-2

9 30 odd rarity bit for SHe2

9 31 asterisk for woré number 3

9 32 lirldrz bit for words 3 and L
9 33-l4 Si-3

9 HUY odd parity for SN-3

9 L6 asterisk for word number 4

9 7 Linking bit for words 4 and §
9 Lo-59 Sy

9 & odd parity for SN=i

9 & asterisk for word number S

9 €2 linking bit for words S and 6
9 6374 SN-5

» 15 odd parity for SN-S

9 16 ssterisk for word number 6

9 n liniking bit for words 6 and 7
9 18 to } SN-6

8 9

4 e ¥

Notes: 1. A -unch (a binary 1) indicates no ssterisk
2+ A punch incdicates no link

3. If there are less than eight dictionary words_then after ihe last word

do not punch the next astcrisk and link end then junch overy hole to
(and including) row & column lO.
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Row Column

TABLE 111-D (CONT'D.)

Data

10

13-2l
25
26
27
28-39
Lo
=72

o o © & ¢ O o o o o™

8  73-Th

7 1 to

7 80

odd parity for SN-6

asterisk for word number 7
linking bit for words 7 and 8
SN-7

odd parity for SN=-7

asterisk for word number 8
unused linidng bit,

SN-8

odd parity for SN-8

accession number, L decimal digits, L bits per digit,
2 cores per bit. See Table VI for code.

odd parity bit for accession mumber,2 cores.

search field. 80 bits, one core per bit

Note: Columns 75 to 80 in row 8 are not used.

III-1b




——

APPENLIX 1V

PREPARATION OF THE WIRED ITEM TRAYS
A Inctrodi ction

The 1,000 document indexes and the !,000 dictionary wovds of the delivered
experimental model require storage of more than one-third of a million bits of
information. The document index and dictionary word informstion is stored in
permanent patterns of wiring associated with arrays of magnetic cores. The actual
wirtng patterns are implemented in modular form, as can be seen by reference to
Fige 29. This photograph shows an item tray that contains the detailed wiring for
288 words of the dictionary. In order to insure the greatest posasible accuracy
of the wired in information, two steps were taken, First, the raw data for the
documents were computer-processed to give a set of punched cards that contain the
detailed wiring information (see Appendix IIl). Second, a wiring scheme was devised
which presented the detailed wiring information in a very simple form and which
included a means of checking the accuracy of the wiring as the wiring was actually
done. In this scheme, the path that a wire was toc take was delineated by & set
of lights in an array of incandescent lamps.

B. Daescription of Wiring Aid

An over-all view of the item tray wiring equipment (wiring aid) is shown in
iz, IV ', The enpt)y wartng tray le paecwd on the viring Jig in fruut ol the
operator. Number 36 Nyleze wire is taken from a sp:0l through a tensioning device
to the top of a special wiring tool (shown in the hind of the operator). The wire
from the bottom of the wiring tool is first soldere! to the common bus shown 1i:
the upper left part of the wiring tray, The tool i: then movec along the path
specified by the pattern of lights, leaving the wiro wound in the desired patiern
around the item tray bobbins. ;:wtho left center of the phdiéiiaph, ths punc! »d
card reader can be seen. This Taurus Corporation curd resder tests al posit: :ns
on one input card at a time (140 positions for a dictionary card and Z 1 posit ons

tor a document index card)., A closed contact resul:!: for every hole i the pu ched
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Figure IV-1. Over-all View of Item Tray Wiring Aid




card and open contact results for the absence of a hole. Each cliosed contact of
the card reader furnishes a unit of urrent to the corresponding lamp in the
wiring aid. Auxiliary circuits that are used in connection ~¥ith the incandescent
lamps are contained in the chassis that is shown behind the card resader.

Figure IV-2 shows a close-up of a partially wired dictionary item tray mounted
on the wiring jig. The wiring jig consists essentially of a heavy aluminum plate
with an array of square pegs that match the set of bobbins on the item trav. The
outside dimensions of the square steel pegs ere slightly smaller than the inside
dimensions of the bobbins, thus permitting the item tray to be mounted over the
wiring jig. Pairs of the wiring jig pegs are associated with single magnetic
cores. The top two rows of pegs are associated with one set of cores, the next
two rows with a different set of cores, etc. It will be noted that the center of
each square peg is hollow and contains a component. The upper peg of each pair
contains a miniature toggle switch with the bat handle operating in the vertical
dimension. The lower peg og the pair contains a small incandescent light bulb.
Depending upon the setting of the toggle switch and the condition of the corres-
ponding swiich in the card reader, a light bulb will receive zero, one, or two
units of current. Consequently, a light bulb may be off, on at medium (brilliance
yellow), or full brilliance (white).

The procedure for using the wiring equipment was as follows. Firat, all the
.ol ogglu #éwsiches were put into their initial position (down). Then the card
reader was closed with no card inserted so that all switches would be closed.

The array of lights in the wiring jig was then checked to make sure that every one
was on at medium brilliance, This check made sure that all switches of the card
reader were opersting properly and that no light bulb had burned out. The punched
card of the item to be wired was then inserted into the card reader. A pattern

of lights in the wiring jig consisting of some lights on at medium briliiance and
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some off was then obtained. The wire that was to be strung along the path
outlined by the lighte was first soldered to a terminal of the common bus. The
wireman then started the special wiring tool at the upper left corner of the
wiring jig and followed specific rules at each bobbin position. If the light was
on, the ronl was moved pac=t the top of Lil plg that held the toggle switch. If
the light was off, the tool was moved through the center of the pair of pegs and
their associated bobhins., It was easy to move the wiring tool in such a path
because the flanges of the paper bobbins formed a smooth surface on which the
flange of the wiring tool could ride. Whenever the wiring tool passed through
the center of a pair, the cam-shaped surface of the wiring tool flange caused the
toggle switch to be thrown into the upper position. This caused the lamp to come
on at medium brilliance, At the end of a perfect wiring operation, all lamps
were on at the medium brilliance. Any error was easily detected. If a position
had been threaded bv mistake, the toggle switch would have been operated and an
extr: unit of current would make the lamp come on at white brilliance. If a
position that should have been threaded was missed, the check toggle switch stayed
in it®s initial condition and the lamp remained off. Both the lamp off and lamp
at white brilliance could be easily distinguished tfrom *he medium brilliance of
the lamp,.

After all bobbin positions of a given row had been used, the wiring tool
was pagsed around a pair of terminal posts and started through a row of bobbins
in the reverse direction., Half of the items were wound on bobbins that corres-
ponded to one leg of the array of cores, and the other half was wound on bobbins
that corraapondcd to the cthe:r 16§ of the magnetic core. It can be seen in the
photograph that all the wires that begin at the upper terminal board are wound
around the row of bobbins nearest the top of the item tray. At the righthand erd
of this row, the wires pass over insulated posts and return right to left on

the fourth row from the top. At the left end of the fourth row, the wires pass
over two closely spaced insulated posts and go left to right on the fifth row of
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of bobbins. The group of item wires that begin on the lefthand terminal board
are wound on the bobbins in the second row from the top and return on the bcbbins
of the third row, etc, After a wire was wound on a complete set of bobbins, it
was carried past bobbins used as binding posts to a sub-assembly of diodes. Here
the wire was cut to length and soldered to one end of a diode.
C. Results of Using Wiring Aid

This wiring arrangement worked well in practice. The number of item wires
that could be inserted per hour varied with the individual wireman, ranging from
less than 40 to more than 60 for the document item tray which required wiring
of 234 bobbins. The accuracy of the wiring was probably as good as can be expected
when a human operator is involved. In the dictionary item trays, errors were
made in less than 20 out of 1070 item wires. Most errors were single position
errors, but a few were double position errors. If 25 total errors is taken as a
round number, the error rate is one in 6,000 operations (there are 150,000
operations in wiring the dictionary trays). The accuracy of wiring the document
item trays was somewhat better. One source of error was the operator's tendency
to cheat on the check feature of the wiring equipment in crder to speed-up the
wiring process, by using her finger instead of the wiring tool to operate the

check toggle switch,
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APPENDIX V

ALTERNATE METHODS OF FREPARING WIRED-IN INFORMATION

The use of small wire wound on specially prepared bobbin trays is a satisfactory
means of constructing ‘he permanent store when the number of items is relatively
small. However, it is recughlized that this method would not be suitable if the
number of items exceeded 5 or 10 thousand. During the development of the experi-
mental Multiple Instantaneous Response File a small effort was directed toward
investigating alternate methods of preparing the wired-in information. The object
of this work was to select a method that could be used to prepare approximately
100 document index items and to make a comparison with the physical wire imple-
mentation,

Because of the very limited funds available for this effort, sever2 restric-
tions were pluced on the fabrication techniques that could be investigated. The
fundamental incompatibility of the aims and the means was that fabrication tech-
niques that can be used in quantity production require large initial outlay of
money that was not available. Because of this limitation one nf the most attractive
methods of preparing the wired-in information could not be investigated. This
methud. involves the controlled punching of holes in a continuous conductor
“ladder” layed down on a thin insulating sheet to form a path that threads and
bypasses core positions in the desired way (the initt.l cost of dies required for
sach a study would huwe cost more than 1.°3 of the total funds allotted to this
work) .

The approach that oftered the most promise of resv!ts within the ground rules
of the investigation could be described as a printed circuit technique. A roll

of copper coated mviar sheet (1/2 ounce copper on 2 mil mylar), obtained from the

. C immmn o el e o e A —— .

. ,
See RADC-TR-61-233, Multiple [nstantaneous Response Flle,
pp. 175-178

e
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S¢njcidahl Corporation, was cut up into pleces approximately the same size as the
phenolic boards of the item trays. About 150 such sheets were piled up in a
thick sandwich and held together under pressure by two heavy aluminum plates,

The same drilling jig that was used in preparing the phenolic boards for the item
trays was used, to drill a complete set of clearance holes in the stack of mylar
sheets. This method was quite successful, giving blank sheets with a set of very
clean clearance holes. Aligning holes for positioning the mylar sheets in a
submodule comparable t¢ an item tray were also drilled while the mylar sheet
sandwich was still assembled.

The detailed wiring information was put on a corper coated mylar sheet by
drawing a line on the copper with a pen and special ink, The wiring aid used
with the physical wires was modified flightly for preparing the mylar sheet items.
After the punched card of the particular item was placed in the card reader and
the pattern of lights in the wiring jig was set up, the blank mylar sheet was
placed on the wiring jig with the copper sid¢ up., Then a 50 mil wide line was
drawn using the same instructions that were used with the wired item trays
(wherever the control light was on, a horizontzl line was drawvn above the square
peg, and wherever s light was off{, a horizontal line was drawn in the center of
the pair of pegs. Vertical lines connecting the horizontal segments were then
added). The marked mylar sheet thus obtained was then passed through an etching
bath, and sll the copper except that needed to define the {tem conductor path was
removed. A finished mylar item sheet ts shown in Fig. V*l.. It will be noted
in this photograph that the wiring conductor is connected to » bus at the top of
the sheet and to ancther bus at ‘he lower part of the sheet. These copper areas
are used for connecting the item conductor to a common bus at one end and to a
diode at the other. It will aliso be noted that a copper border has been left on
the mylar sheet.  This {s for strictly sechanical purposes in order to keep a

uniform thickness of the item sheet all around the edges. Seventy {i.e¢ such

r
In this photograph, the top sdge appears wavy becwuse the mylar sheet was not
flat agatinst the backboard.
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sheets, cach containing all the information of a real document index, were
stacked and properly connected to the common bus and to output diodes to form a
small mylar sheet submodule. This module is completely interchangeable with the
wired trays and can be used in the document MIRF unit,

The preparation of the etched item sheets can be considered a limited success,
Seventy five of about a hundred item sheets that were prepared in the wiring jig
could be used in the mylar sheet submodule. About 25 perceat of the sheets con-
tained discontinuities in the conductor, ranging from width of a few mils to as
much as about 30 mils. One difficulty appears to be the lack of control in the
etching process. With copper as thin as 0.7 mil, overetching is a problem. Also,
cleaning of the copper surface before the lines are inked requires special
attention. Commercial degreasing techniques were tried unsuccessfully and the
sheets finally used were cleaned by a weak pre-etch treatment. Handling of the
cleaned sheetsg was alsc done with care, The operatof worked with gloves and
covered the copper surfiace with pounce. In spite of the#e precautions there is
some evidence of the ink flaking away after it had dried. These difficulties are
probably more a part of the experimertal approach than of the hasic techniques.

It i8 believed that proper controls could be held in quantity production and
that a good yield of item sheets could be expected.

The item sheets that were prepared for the experimental model contained one
item per sheet. This was done to simplify the preparation of these sheets. In
practice, at least two item conductors could be placed on one mylar sheet, one
being associated with one leg of the magnetic core and the other being associated
with the other leg. By using a mylar sheet with copper on both sides of the mylar
it would seem feasible to have as many as four items per mylar sheet. In this

case an insulator would have to be placed between adjacent item sheets.
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