nL o Nl
&ITINS H TV~

AMLYOM "W L¥ITO
SHOLNTAN/

SAINS/CLLY

Ve R TN S \
Di by (b2 pmobn by(ba Bnolbn| f Wi
_— — 60
/
CONTENT
ADCBIDQS%ABLE
oL
'5_—7 CIRCUITRY
[ ] 17
LOGIC LOGIC LOGIC L OGG
UNAT UNIT UNIT UNIT
----- | MASK REG 22
br[b2] " Jomi|bn | QuERY REG 20
i ] ] !
2 2 2 2
T—EJ:] Lr—g.] E E PHASE| OPERATION
KA K2 K- Kn I | CLEAR FF 34
|| |@ SHIFT KEY REG,
6. READ DisC
i 1 EY ON
FOR COMPARISON
CRITERIA CRITERIA v | E20ON
%Fr——«- =|>|< | = V  |COMPLEMENT FF 34
FF<de (O 1 o |1 Vi | E\ON
e z
}E;“ég Fr47 { \ O ‘z?37.7r LV\l E2ON

9967 ‘t ‘ideg pertd

6961 ‘Sg P

WHLSXS DNISSIOOMd Vivd
v L3 ¥37Nd ‘H'Y

1004S

/
gey'aey'e

¢ Jo



March 25, 1969

R. H. FULLER ETAL

DATA PROCESSING SYSTEM

Filed Sept. 1, 1966

3,435,423

Sheet _ A of 3

T/
tq ty to t " by ba%s ba bn= b b2 bs ba bn
2 Doelalg—{ol [olsle] [oTi [ololoTo}™
Z2 [ [oaltelbal—{ T [00]0]o] [ [Oo[o[o]o[a}™?
po7
2% [On[Dc]Pa[Be[Opl—~{O 0[O 1oj [cIclol i [o[o}™s
P2’ i A T L I DY
LDAng[Dc]DD]Dj "ty o] [t Vree22
E_’—7-2 W K2 K> K4 ®n |30 T T LQUERY
REG 20
t4 tz 15
[DalColoal—{ T [6[616]5] [T[1]0]6]0]0]
Onbpl—-{o ]t JoJoJo] [I [V [o]o]o]o]
[Dn[Dc[Da[Pel—={S] 1 [OJO] O] ICT>{ *T[C;l ‘i [o]0]
~ 22
5.5 BApepolealpal [TToT T2
t4 't3
Dnbol—={0JoJo[1Jo] [t [y[o[1 Jo[o]
[On}—{0JoJoJol ] [ JoTJo 1 [o]
[on[Dc[oal—={1ToToJo[o] [ [ o] 1 [o]o]
eTReTamp] [T
c n | O l L~
@-4 ‘KIA'Kza(Ks‘Kz‘Kn K vy koo
t4 Wi
zl P)OKOIOIOI ) e Jol Tk
z2 [cToTololo] [ololoolola}™?
Z>  [uod={olo] [olo] LA [1[o]o}p"™
Pz’ N D I L 22
[Dajog[De[Dplon] [ 1]V o] [V
Zo. S Kl K2 K3KAKn [ ]y V[ koo

INVENTORS

LRICHARD H Fuu. ER

JU C

/?055@7‘ /M WO/?TH)/

8y

lﬂwy—/

ATTORNEYS



3,435,423

R. H. FULLER ETAL
DATA PROCESSING SYSTEM

March 25, 1969

F _ of3

Sheet

Filed Sept. 1, 1966

= S ¥ > 0w
ol | | {E LM =8 RN g
| A HA 4 44 od ) 3
© | ' g RN 53 0 L&
— O~ _ = BF UW Q
E _ 1 | £ N W
usy e _ A nEIRIEE ZXNERE
] bb —1 1| L QUK
TYNOIS TVYNOIS | 3 4 _ ¥,
LAIHS 14IHS | \ - Al e [ MME
N sl Al 3] 1w 3
| 39VLS | | 30v15 | | =t = e ¥ s
219071 | | 2O CF i | qQ
_r Tus 25t B _F,/Hw\ﬁwv‘ ps !
KN i BT 1 2 |
Ac/oy /o.o mow\ 2d-q a9l b -
,
LINN
+od IONINOIS
WY A9 O2ld
— = MN@W "7 021 LNOD
S
ml 23 Auv3iw J_ og’
|
|
B i
t - : ¥ 9= 3N Lo o i[to oo
% 92 S2 - i < pr—
S | vq aqa
Uy 1 e 19 se I¥e |
v <o % 3 1NIwIdWoD |
L2 = sl J
£ < 1GM[O 27
W | 92 mm\ﬁ
uq rq ¢q <q iq 2 .MMN

anzavd |y



United States Patent Of

3,435,423
Patented Mar. 25, 1969

1CC

1

3,435,423
DATA PROCESSING SYSTEM
Richurd H. Fuller, Sherman Oaks, Ju C. Tu, Sylmar, and
Robert M. Worthy, Hollywood, Calif., assignors to Gen-
eral Precision Systems Inc., a corporation of Delaware
Filed Sept. 1, 1966, Ser. No. 576,604
Iat. Cl. G11b i3/00
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ABSTRACT OF THE DISCLOSURE

A digital data storage and retrieval system using as-
socfative memory techniques to simultaneously search in
parallel the bit streams serially read from the tracks of a
disk memory. The bits are compared, bit by bit, with the
bits of a plurality of key registers. During each bit com-
parison, one bit from each of a plurality of records is
compared with a bit of each of a plurality of characters
in the key rcgisters, resulting in a multi-record, multi-
character, simultaneous search. The determination of the
presence of positive comparison between records and the
characters in the registers is stored in the records as a flag.
After searching the entire memory, the flag records are
read out in accordance with the requestor’s desired pur-
pose.

e —— R ———

This invention relates to a data processing system and
more particularly, to improvements therein.

Since the development of computer memories, capable
of storing large quantities of data, systems have been
designed to retrieve selective data portions on the basis
of controlled queries by a requestor or user. Some Sys-
tems have been proposed, whereby stored data, hereafter
also referred to as records, can be retrieved by processing
the content of the records in relation to a queried record
content. In other systems, data or records are retrieved by
searching for stored characters, characteristic of the rec-
ords, which yield references to locations in the memory of
records containing certain character combinations which
form the basis of the user’s query. The present invention is
primarily directed to the latter-described type system.
That is, to a data or record retrieval system in which
record locations are detected on the basis of a comparison
between stored record characters and query-forming
characters forming a requestors’ query. As the number of
records to be stored becomes very large and the total
number of possible characters, which are associated with
to describe any one record, quite substantial, the cost,
complexity and retrieval time of prior art systems gen-
erally increases since each character of each record must
be comparcd with each of the query-forming characters
before the location of each record, containing all the
query characters is determined.

It is therefore an object of the present invention to pro-
vide a new data retrieval system.

Another object is to provide a record retrieval system,
characterized by fast search and retrieval time.

A further object is to provide a new relatively simple
record storage and retrieval system, capable of storing a
large number of records, the location of each being re-
trievable as a function of characters assumed to describe
it and associated therewith.

Still another object is to provide a record storage and
retrieval system which is relatively less expensive and
fuster to operate than prior art arrangements, designed to
perform comparable operations.

Still a further object is the provision of a system in
which a plurality of records are simultaneously compared
with a plurality of different query parameters in dif-
ferent comparison criteria so as to reduce the time re-
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quired to retrieve the location of any record meeting the
multicriteria comparisons.

These and other objects of the invention are achieved by
providing a memory in which records are stored on a
plurality of memory tracks, such as on a disc memory
system, in conjunction with which the invention will be
described. The storing of one or more records on cach
track is accomplished by means of a write magnetic head
associated with the track, which serially stores bits com-
prising the characters of each record in the track. Read
heads are associated with the tracks, to serially read out
the bits stored in the tracks. An associative memory sys-
tem is employed to simultaneously search in parallel in a
search mode, the bit streams emanating from each of the
disc’s read heads against bits of a set of characters in a
plurality of key registers in any one or a combination of
search criteria, The bits in each stream or from each track
are compared serially, bit by bit, with the bits of each of
the characters in the key registers. Thus, during each bit
comparison interval, one bit from each of a plurality of
records, each stored on a different memory track, is com-
pared with a bit of each of a plurality of characters, re-
sulting in a multirecord, multiquery character simul-
taneous search.

At the end of the comparison of a fixed number of
bits, defining a character, the presence of a comparison
between the character, serially read out from each track,
with one or more of the characters in the registers is de-
termined and stored as a binary digit in the associative
memory system. At the end of each readout record, the
characters thereof which may have compared with a
selected combination of the query characters is de-
termined. When a positive comparison indication is pro-
duced, a preselected signal, hereafter referred to as a flag,
is stored at the end of the particular record. Then, after
the searching of the entire memory, the flag-containing
records are read out and operated upon in accordance
with the requestor’s desired purpose in locating the stored
records which contain the particular selected combination
of the query characters.

The novel features that are considered characteristic
of this invention are set forth with particularity in the
appended claims. The invention will best be understood
from the following description when read in connection
with the accompanying drawings, in which:

FIGURE 1 is a simplified block diagram of the data
processing system of the present invention useful to ex-
plain the general principle of operation thereof;

FIGURES 2 through 5 are diagrams useful in explain-
ing the multi-character multi-criteria comparison per-
formance of the present invention in conjunction with a
specific example;

FIGURE 6 is a detailed block diagram of the logic
circuitry necessary to perform the multi-character, multi-
criteria comparison operation; and

FIGURES 7 and 8 are charts defining the various
phases of operation of the logic circuitry shown in FIG-
URE 6.

Attention is now directed to FIGURE 1 which is a
simplified diagram, useful in explaining the mode of oper-
ation of the present invention. Therein, reference numeral
11 designates a disc type memory, hereafter simply re-
ferred to as the disc, comprising a plurality of disc tracks
on which records are assumed to be stored. The records
are made up of fixed length characters. The characters
in each record are assumed to describe its content and
therefore are also referred to as descriptors. In accord-
ance with the teachings of the present invention, it is
these descriptors which are used to search and locate the
address of the record. The number of descriptors may vary
from record to record. However each record terminates
with an identical end-of-record character.
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The disc memory 11 is shown coupled to an associative
search processor 15 which receives the parallel bit streams
from the disc tracks and performs a multirecord multi-
character simultaneous search. The associative system 15
inctudes a logic stage D; for each track of the disc. The
bit streams from the disc are read into the D logic stages
in parallel, one bit at a time. Assuming that each of the
various records stored in disc 11 may be described by
any combination of up to n—1 characters plus, the end-
of-record character for a total of n characters, the associa-
tive system 15 includes n key registers, designated in
FIGURE 1 by K1 through through K». The key registers
K1 through K(n—1) which are end-around shift registers,
are used to hold the n characters or descriptors any com-
bination of which may comprise the user’s query char-
acter combination, while register Kn contains the end-of-
record character. One key register is used for every other
character. The bit length of each key register is identical
with the bit length of a character in the disc 11,

Allied with each logic stage D is an associative memory
word W, W, is composed of two tag fields, designated T
and T’. In addition, the word includes a one bit flag field,
designated by the letter f. Each of the tag fields consists
of n bits, so that the total bit length of word W, is equal

to 2n-+1. Bits from the key registers are compared, bit ¢

by bit, with the bits in the D; logic stages and the results
of the comparisons are stored in the bits of field T. These
comparisons all take place simultaneously, for any num-
ber of records and any number of keys. The number of
records equals the number of tracks of disc 11, and the
number of keys being related to the number of key
registers.

At the end of the comparison of a complete character
the content or binary state of bit T; indicates the state of
comparison between the character in key register K; and
the particular character read out from the track associated
with word W,. At the end of the comparison of each char-
acter, the state of bit Ty is transferred to bit T";, associated
with bit Ty where the state of the search is carried over
from character to character. After the state transfer, the
T bit is set to a selected state in order to subsequently
respond to the comparison of the character in register K,
with a subsequently supplied character from the logic
stage Di.

The state of field T, is interrogated by comparing it with
the binary states of bits in a multibit query register 20
which stores the particular query character combination
sought by the requestor. Register 20 which may be coupled
to the T’; field through a mask register 22, the function of
which will be explained in the following description, is
coupled, together with the T field to a content addressable
control circuitry 60. Briefly, the function of circuitry 60
is to compare the content of register 20 or any part thereof
with the T’; field or a corresponding portion thereof of
each of the memory words and provide an output when
the T, field of any memory word matches the content of
the query register.

At the end of a record, detected by the positive com-
parison of the end-of-record character circulating in key
register Kn and an end-of-record character supplied to
logic stage D;, bit n in tag field Tj is set to a predetermined
state. This state is transferred to the n bit in field T
which is interrogated to ascertain whether the query, ie.
the particular combination of characters, in register 20
was present in the particular record. If it was, bit f in word
W, is set to a particular state, such as a binary “1,” which
causes the storing of a preselected flag signal or symbol
at the end of the searched record. Also, the entire T’
field of the particular word is reset to “0” to accumulate
the character by character comparison of a subsequent
readout record. If however the particular combination
of characters in the register 20 was not found in the field
T’,, i.e. field T’; did not match the state of register 20, the
f bit remains in the “0” state and the T’ field is reset. It
should be pointed out that after every transfer of the
states of the T, field bits to the T, field, the latter field is
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interrogated. However, only when an end-of-record char-
acter is detected, that is, the a bit in field T’y is in a
particular state, is the T’y field reset and the state of the
f bit switched to a “1” state or left in a “0” state, depend-
ing on the presence or absence of the particular character
combination in the searched record.

For a better explanation of the novel system of the
present invention, reference is made to FIGURE 2. Let
it be assumed, that any one of the records in disc i1 is
definable by one or more of descriptive characters Dy,
Dz, D¢, and Dyp, with the end-of-record character being
designated by a character D, Thercfore, in accordance
with the teachings of the invention, key registers K1
through K4 store characters Dy through Dp respectively,
with the character D, being stored in key register K.
Let it further be assumed that the disc 11 comprises of
three disc tracks Z1, Z2 and Z3 from which records desig-
nated P1, P2, and P3 respectively may be read out in
parallel, character by character, though in practice each
character is read out as a sequence of biis. In FIGURE
2, records P1 and P2 are shown comprising of three and
two descriptive characters respectively, while record P3 is
shown including all {our of the descriptors Dy through
Dyp. Since the number of tracks is equal to three and the
maximum number of characters is four, plus the end-of-
record character Dy, for a total of five, the associative
memory includes three memory words designated WI,
W2, and W3, each comprising of 23<5-1 bits, ie. 11
bits. In each word, each of the tag fields T and T’ con-
sists of five bits, while an additional bit designated the f
bit is included in each word.

In accordance with the teachings of the present in-
vention, in one arrangement, prior to a search operation,
the T bits of all the memory words are set to a binary
“1” state while all T bits, as well as the f bits are set to
a binary *“0.” Then, during each character comparison
interval, the character supplied from each track, is com-
pared with the characters in all the key registers. 1f a
comparison is detected, the particular T bit associated
with the particular key register remains in a binary “1”
state, while all the other T bits are set 10 a “0” state. At
the end of a character comparison interval, the states of
the bits in the T field are 0 Red with the states of the bits
in the T’ tag field in accordance with the following logical
equation:

T+Ty =Ty

That is, if the T bit or the T’ bit is a binary “1,” the T’
bit is set to a binary “1” state. Only when the bits in both
fields are binary “0’s” does the bit in field T” remain a
binary “0.”

Let us assume that prior to a time 7y, all the T bits are
in a binary “1” state and those in the field T’ are in a
binary “0” state. Let it further be assumed that during a
character comparison interval 11, characters Dp, Dy, and
Dy, of records P1, P2, and P3, respectively, are simultane-
ously supplied and compared with the characters in the
various key registers. Then, at the end of the time interval
13, it is appreciated that since Dg of word P1 matches the
Dg in key register K2, bit 52 in ficld T, also referred to
as Ty of word W1 remains in a binary “1” state. Similar-
ly, due to the comparison of D, of P2 with Dy in key
register K1, bit 51 in tag field T or T}, of word W2 re-
mains in a binary “1” state, Also, similarly Ty in word
W3 remains in a binary “1” state because of the positive
comparison between Dp of P3 which matches Dy in key
register K4. All the other bits in the tag field T are set
to a binary *0” state, because of the lack of comparison
between the two characters compared in relation thereto.

The states of the various bits in the tag field T are then
transferred to the bits in the tag field T’. Thus, in ac-
cordance with the aforementioned logical eguation, T g,
T’y and T'pq, of words W1, W2, and W3, respectively,
are set to a binary “1” state, while all the other bils in
field T" remain in a binary “0” state,
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For the example diagrammed in FIGURE 2 let it be
assumed that the desired search criteria is to detect and
flag records which contain descriptive characters Dy, Dg
and Dyp, while the presence or absence of D¢ is not ma-
terial, This search criteria is set into query register 20
and mask register 22. In register 22 the bits correspond-
ing to bits b1, b2, b4 and bn in T” are set to a binary “1”
while the bit corresponding to b3 is set to a “0” state 10
indicate that the presence or absence of descriptive char-
acter D¢ is not controlling, In query register 20 the bits
corresponding to T’py, T'p2, T'ps and T'y, are in a “1”
state while the bit corresponding to T’y; may be in either
state, represented by the absence of either a “0” or a “1.”

After the transfer of the states of the T bits to the T’
bits, the content of query register 20 is compared through
register 22 with the T’ fields of all the words W1, W2 and
W3 in a manner similar to that performed in prior art as-
sociative or content addressable memories. As long as the
T’pn bit of any of the words is not in a “1” state, indi-
cating that the end of any of the records P1, P2 and P3
has not been reached, the T’ fields of all the words re-
main unaltered and the system is switched to compare
the subsequently supplied descriptive characters of the
three records, shown in FIGURE 3 to which reference
is made herein,

It should be pointed out that prior to comparing D,,
Dy and Dp of records P1, P2 and P3 respectively, the
states of T’ fields of W1, W2, and W3 are as shown in
FIGURE 3 while all the bits in the T fields of the three
words are reset to a binary “1” state. Then during 7y,
the descriptive characters Dy, Dg and Dp are compared
with the characters in key register K1 through Kn. Be-
cause of the comparison at the end of f5 bit Ty, Tpe and
Tye of W1, W2 and W3 respeclively remain in a “1”
state, and all other T bits reset to “0.” The states of the
T bits are then 0 Red with the states of the T’ bits, so that
after the state transfer, bits T'y;, T’y and T’y of WI,
W2 and W3 are set to a “1” state, while Ty, T'p; and
T'pe of W1, W2 and W3 remain in a “1” state to which
they were set during interval #; (FIGURE 2). All the
other T’ bits remain in the “0” state in which they were
initially set.

Then the T bits are set to the “1” state for a subsequent
character comparison and the T’ bits interrogated by being
compared with the content of the query register 20. How-
ever, since at the end of ¢, none of the T'y, bits is in a “1”
state, thereby indicating that the end of any of the three
records has not been reached, the T’ fields remain un-
altered and the search operation continues.

The search operation during #; is diagrammed in FIG-
URE 4. During ¢3 Dp, D, and D, of P1, P2 and P3 re-
spectively are compared with the characters in the key
registers, It should be pointed out that D, in P2 repre-
sents the end of record P2. As a result of the comparison,

Tps Ton and Tyy of W1, W2 and W3 respectively remain |

in the *1” state and all other bits are set to “0.” Then,
the states of the T bits are again ORed with the T’ bits
to produce the states diagrammed in FIGURE 4. The T
bits are reset to a “1” state.

Thereafter the T’ field is interrogated. Since the T’y
bit of W2 is a “1” indicating that the end of the record
on track Z2 has been detected, the content of the T field
of W2 is compared with that of query register 20. How-
ever, since T'ps of W2 is a “0” indicating that the record
P2 did not contain descriptive character Dp, the f bit
of W2 remains in the “0” state and the entire T’ field of
W2 reset to “0,” preparing word W2 to store the com-
parisons of a subsequently supplied record on the track
Z2 associated with word W2. The resetting of the T’ field
of W2 to “0” is shown in FIGURE 5, The T’ fields of
W1 and W3 remain however unaltered since the end-of-
record characters associated with records P1 and P3 have
not as yet been detected.

During a subsequent character comparison interval f,
diagrammed in FIGURE 5, the end of record character
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D, of P1 and D of P3 are compared with the characters
in K1 through K4 and Kn. No signal is assumed to be
supplied to W2 from track Z2. As a result at the end of
ty, only Tpy of W1 and Ty of W3 remain in a “1” state
and all other T bits set to “0.” Upon transferring the “1”
states of Ty, of W1 and Tp; of W3 to their respective bits
in the T’ field, the states of the bits therein are as diagram-
med in FIGURE 5. All the bits in the T’ field of W2 are
shown in the “0” state. The T’ field is then interrogated.
Since T’y of W1 is in a “1” state, indicating the end of
record of P1 and since bits T'yy, T’y and T'py of W1
correspond to the bits in register 20, a “1” is stored in
the f bit of W1, indicating that record P1 matches the
comparison criteria i.e. it contains descriptive characters
D, Dy and Dp. The setting of the f bit of W1 in the “1”
state ‘may be used to actuate a write head to write a flag
symbol into record P1 so that during a subsequent record
retrieval cycle all records with flag symbols may be
retrieved.

It should be pointed out that in the T’ field of W3 bits
T’yp1, T'pz and Ty are also in the “1” state matching the
search criteria. However a “1” is not stored in the f bit
of W3, since the T'y, bit thercof is in a “0” state, indi-
cating that the searching of the record has not been com-
pleted. Only during a subsequent time interval when Dy
of P3 is compared is the end of record of P3 detected,
which will result in the setting of the f bit of W3 and
the subsequent storing of a flag symbol in the P3 record
to indicate that it too met the comparison criteria, It
should be pointed out the P3 meets the search criteria
even though it contains the descriptive character Dy,
since the O in the bit b3 of mask register 22 indicates
that the content of T’y; is insignificant. However, had the
search criteria been to tag records containing D,-Dg-Dp
and not D¢ represented as Du-Dg Dg-Dp, where the
» represents the AND function and the bar (—) the com-
plement, a “0” and a “1” would have been stored in b3
of registers 20 and 22 respectively. Consequently, the
mismatch between the states of 53 of register 20 and T’3
of W3 would have indicated that P3 does not contain the
search criteria and therefore a flag symbol would not
have been stored therein.

Herebefore in the description of FIGURES 2-5, it has
been assumed that a complete character or descriptor
from each track is compared with a complete character
in each of registers K1-K4 and K»n. However, in practice
each character consists of a plurality of bits serially read
out from memory 11. The comparison is made on a bit
by bit basis rather than on a character by character basis.
Thus, the previously referred to character comparison
interval actually comprises y bit comparison intervals,
where y is the fixed number of bits per character.

Prior to comparing the characters read out from mem-
ory with the characters in the registers on a bit by bit
basis, the entire T field of all words is set to a “1” state.
Then during each bit comparison interval, one bit from
each track is compared with one bit of each of the char-
acters in the registers, controlling the states of the respec-
tive T field bits. However, only at the end of y bit com-
parison intervals, i.e. at the end of the comparison of a
complete character, is the state of each T bit ORed with
that of its corresponding T’ bit as herebefore described.
Logic circuitry associated with the various registers is
employed so that at the end of each character comparison,
the state of each T bit indicates the comparison between
the two characters related thereto, i.e. the characters
from the track and register associated therewith. For
example in FIGURE 2, D, of P2 and Dy in K1 are
multibit characters, with their bits being serially com-
pared. The state “1” of Ty, at the end of #; represents the
comparison of the completed multibit character, rather
than of any single bits thereof.

Reference is now made to FIGURE 6 which is a block
and schematic diagram of one embodiment of circuitry
necessary to control the state of the T bits as a function
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of the comparisons between the bits supplied from mem-
ory 11 in parallel and bits of characters in the key regis-
ters. In FIGURE 6, the T field portions of words W1,
W2 and W3 are assumed to comprise of plated magnetic
wires of the type, capable of storing binary states as a
function of the directions of circumferential flux at dif-
ferent points along its plated magnetic surface. Such
wires and their capability of storing binary signals have
been described in the prior art,

Briefly each of the storage words (W1, etc.) may be
assumed to cumsist of a nonmagnetic wire 25, such as
copper, on which is plated a thin magnetic film 26. Dur-
ing the plating operation, a current is caused to flow
in wire 25 in order to create a circumferential easy axis
of magnetization in film 26. A plurality of digit lines in-
tersect each of the plated wires with the points of inter-
section of the plated wire with the digit lines representing
bit locations or bits. In FIGURE 6, for example, the in-
tersection of digit lines C1 through C4 and Cn with W1
represent bits Ty, through Ty and Ty, of W1, Each bit is
controlled to store a binary signal as a function of the
direction of circumferential flux thereat. The circumfer-
ential flux direction is controlled as a function of the
coincidence of currents in the digit line from its respec-
tive digit driver designated D-D-1 through D-D-n and
polarities of current in wire 25 from a word driver to
which wire 25 is connected. The current from the digit
driver is unipolar, while that from the word driver is
bipolar.

The word driver is shown having a 1 input and a ¢
input. When the 1 input is true, the word driver provides
a current of a first polarity, while a current of a second
opposite polarity is provided when the 0 input is true. A
“1” is stored in any of the bits such as Tp; of W1 when
current flows in C1 and the current in 28 is of the first
polarity, while a “0” is stored when, in coincidence with
the current in C1, the current in 25 is of the second
polarity. To set all the bits in the T field to a “1” state,
as is required before the start of the comparison of a
character, all that is needed is to actuate the digit drivers
and set the 1 inputs of all word drivers to be true.

In accordance with the teachings of the invention, the
output of each track such as Z2 is connected to the word
driver W-D-2 connected to its respective storage word
W -2 through a logic stage L2. Each key register is con-
nected through a logic stage S to the digit driver coupled
to the bits associated with the particular register. Thus
S1 represents the logic stage connecting register K1 to the
digit driver D-D-1 coupled to the Ty, bits of the various
storage words. The logic stages L. and S are also con-
nected to a control and program sequence unit 30 which
supplies various circuits of L and S with controlling sig-
nals during a multiphase programmed sequence.

The multiphase sequence of operation is diagrammed
in chart form in FIGURE 7 to which reference is made
herein. At the beginning of each bit comparision interval,
during phase I, unit 30 clears a flip-flop 34 in logic stage
L2, so that its output, connected to one input of each
of AND gates 35 and 36, is false. Hereafter, false and
true states are assumed to be represented by “0” and “1”
binary signals respectively. Then, during phase II key
register K1 is shifted by a shift signal from unit 30, ad-
vancing the contents of the bits therein by one bit and
storing a new bit in a flipflop 40 in logic stage S1.
F-F-40 has true. (T) and false, (F) outputs connected
to one input of AND gates 41 and 42 respectively. Thus,
when a 17 is in the output bit of register K1, i.e. at the
input of F-F-40, as shown in FIGURE 6, the T output
is true, while the F ouiput is true when F-F-40 is sap-
plied with a “0” from the output bit of K1.

In FIGURE 6, F-F-34 is shown connected to the out-
put of the memory track Z2, with which it is associated,
through a sense amplifier 45, the function of which is
to set flip-flop 34 to a “1” when the track output is a
“§” and to a “0” when the track output is a “0.” The set-
ting of £-F-34 as a function of the track output is ac-
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complished during phase 1I. Logic unit S1 includes flip-
flops (FF) 46 and 47. The true (T) and false (F) out-
put of FF46 are connected to one input of AND
gate 42 and an AND gate 43 respectively, while the T and
F outputs of FF47 are connected, respectively, to one in-
put of gate 41 and an AND gate 44. For a comparison
criteria of equality, that is, when the bits from the track
and the key register K1 are compared to see whether
they are the same, FF’s 46 and 47 are set to a store a
0" and a “1” respectively, so that the F output of 46
and the T output of 47 are true. Each of gates 41-44 has
one input which is set to true during one of phases VI,
I, 1V and VI respectively. The outputs of gates 41-44
are connected to the inputs of an OR gate 48, the output
of which is connected to actuate digit driver D-D-1 when
one of the gate’s inputs is true.

As seen from the chart of FIGURE 7 and FIGURE 6,
during each of phases 1IT and VI, a true E1 signal is sup-
plied to another input of AND gate 35 so that if both
of its inputs are true, AND gate 35 is enabled, setting
the 1 input of the word driver W-D2 to provide a cur-
rent in wire 25 to write a “1” in any of the bits of word
W2, if the digit line of the bit carries current coincidently.
Similarly, during phases IV and VII, a true E2 signal is
supplied to one input of AND gate 36, while during phase
V FF 34 is complemented by a complement signal from
unit 30.

From the foregoing, it should be appreciated that with
FF’s 46 and 47 in a “0” and “1” state to which they are
set for an equality comparison criteria, during none of the
phases is coincident current présent in wire 25 and the
digit line C1, as long as the two compared bits from the
track Z2 and the key register K1 are the same. Conse-
quently, the state of each Ty; bit remains in the binary
17 state. Thus at the end of the comparison of a multibit
character, the state of each Ty, bit remains in the “1” state
to be transferred to its corresponding T" bit. If however
a mismatch exists, current is present in the digit driver
when the “0” input of the word driver is true, so that the
corresponding Ty; bit is set to a binary “0.” For example,
assuming the bit from track Z2 is a “1” and that from
register K1 is a “0,” then during phase 1V, and “0” input
of the word driver W-D-2 is true, while at the same time
gate 43 is enabled, actuating the digit driver D-D-1
through gate 48. Consequently a “0” is stored in Ty, of
W2, The T bit will remain in the “0” state even if subse-
quent bits match one another, Similarly, if the bit read
out from track Z2 is a “0” and the bit from K1 is a “1”
coincident current, for setting bit Tp, of W2 in a “0”
state, will occur during phase VIL.

In the example shown in FIGURE 6, record P2 (FIG-
URE 2) is assumed to be read out character by character
and bit by bit from frack Z2. The first two characters
D, and Dy are shown comprising bit 10 . . ., 01 and
00 . . . 01 respectively, reading from right to left. Char-
acter D, is shown in register K1. From the foregoing,
it should be appreciated that after comparing the char-
acter D,, bit by bit, bit Ty, will remain in a “1” state,
However, when comparing the last bit of character Dg
read out from track Z2 which is a “0,” with the last
bit of D, in register K1 a mismatch is sensed, causing
bit Ty, to be set to a “0” state.

The logic circuitry shown in FIGURE 6 is not limited
to controlling the setting of the T bits only when com-
paring characters on a bit by bit basis for equality. By
controlling the settings of FF's 46 and 47 in each S logic
stage, each multibit character read out from memory can
be compared with the multibit character in each key reg-
ister on the basis of different comparison criteria. When
the characters comprise multibit numbers, with both
FF's 46 and 47 set to binary “1's,” the T bit associated
with the particular I and S logic stages remains in a
binary “1” state, as long as, the character or number
from mcmory is equal to or greater than the character
or number in the key register, with the comparison being
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performed on a bit by bit basis starting with the least
significant bit. On the other hand, by setting FF’s 46 and
47 to binary “0” states, the T bit remains in a binary “1”
state as long as the number from memory is equal to or
smaller than the number in the corresponding key regis-
ter. With FF’s 46 and 47 set to a binary “1” and “0” states
respectively, the T bit remains in a binary “1” state, irre-
spective of the comparison between the two compared
multibit numbers. FIGURE 8 is a simple chart represent-
ing the binary settings of FF’s 46 and 47 for the various
comparison criteria between the character or number
read out from memory and the one in the key register,
In FIGURE 8§, the symbol # represents an insignificant
comparison criteria, whereby the T bit remains in a “1”
state irrespective of the numerical relationship between
the two compared multibit numbers.

From the foregoing description, it should thus be ap-
preciated that, since each character is simultaneously
compared with the character in each of the key repisters,
bit by bit, and since FF’s 46 and 47 in each S logic stage
can be set for a different comparison criteria, a single
character from memory may be compared, simultane-
ously, with different characters in different comparison
criteria or search modes. Furthermore, a plurality of
characters from memory can be compared in parallel with
the characters in the registers in the different comparison
criteria, a capability most significant in reducing the time
required to compare the content of a multicharacter
memory with a plurality of characters in different com-
parison criteria such as equality, equal to or greater than,
equal to or smaller than, ete.

The novel system of the invention may be summarized
as a system consisting of a plurality of multibit memory
words the bits of each word divided into T and T’ fields
each word is associated with a different track of a memory
from which characters are sequentially read out bit by
bit, while each bit in the word is associated with the
character content of a different register. Logic circuitry
couples each track to each word and each register to its
related bits in the different memory words. The logic
circuitry can be set so that a character in each register
may be compared in any one of a plurality of comparison
criteria with each of the characters read out from
memory.

At the end of each character comparison interval, the
results of the comparison of each character from memory
with all the register characters is stored in the form of
the states of the T bits of the particular memory words.
These states are transferred to the T’ bits of the memory
word where the comparison is accumulated from each
character comparison interval to the next.

When a complete record consisting of a plurality of
characters is read out, the states of the T’ bits is com-
pared with states in a query register to determine whether
the record contains a particular combination of charac-
ters forming a search criteria. If it does, a flag is stored
in a selected location in the memory containing the rec-
ord. At the end of searching all the records in memory
the records containing flags, i.e. those containing the par-
ticular combination of characters, are retrieved.

From the foregoing description, it should be appre-
ciated that, the T field of each of the words such as W2
is used to indicate, at the end of each character com-
parison interval, the results of the comparison between
a character readout from memory and each of the char-
acters in the plurality of key registers, while the related
T’ field of the word is used to accumulate the results of
the comparison from each character comparison interval
to the next. Only when the end-of-record character Dn is
sensed, thereby indicating that a complete record has
been read out from memory, is the content of the T’
field compared with the content of the query register 20,
to determine whether the particular readout record con-
tained the particular combination of characters or de-
scriptors, forming the requestor’s query.
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The comparison of the content of query register 20
with each of the T’ fields of the plurality of words is per-
formed in a manner similar to that performed in an asso-
ciative or content addressable memory system, in which a
plurality of stored words in memory are compared in
parallel with a single address word. Generally in such a
system each of the words in memory matching the par-
ticular address word is identified by providing an output
signal. Contents addressable memory readout techniques
and circuits are well known in the art and therefore, a de-
tailed description thereof is deemed unnecessary. However
for explanatory purposes, the block designated in FIG-
URE 1 by reference numeral 60 is representative of the
content addressable control circuitry necessary to com-
pare the content of the T’ field of each word with the
content of the query register 20 through the mask regis-
ter 22.

Similarly, presently known signal transfer techniques
may be employed to transfer the content of the T bits to
their respective T* bits, For example, when employing a
plated wire memory, the T bits of word W2 may be trans-
ferred to the T’ bits of the same word by unit 30 (FIG.
URE 6) providing a plurality of control signals during a
multiphase sequence, during which the state of each T bit
of word W2 is sequentially read out and stored in its cor-
responding T’ bit. For example, bit Ty, of W2 may be
transferred by enabling digit driver DDI to apply a cur-
rent in line C1 so that the state of bit Ty; of W2 is sensed
in word line 25 which is transferred to sense amplifier
45, Depending whether Ty is a “1” or a “0,” flip flop 34 is
either true or false. Then, a signal E1 is supplied to AND
gate 34, so that either the “1” input or the “0” input of
word driver WD2 is enabled, inducing either a “1” cur-
rent of a “0"” current in word line 25. This current in co-
incidence with a current from a digit driver (not shown)
may cause the storing of a “1” or a “0” in bit T’y of
word W2. Since column line C1 couples the bit Ty, of all
the words, W1, W2 and W3, all the b1 bits may be simul-
taneously read out and transferred to their corresponding
bits in the T’ field. Then, the bits Tpg, Tys, etc., may be se-
quentially read out from the T field and transferred to
their corresponding bits in the T field.

It should be appreciated that the foregoing description
of transferring the content of the T field to the T’ field is
but one example, particularly applicable when used in
conjunction with a plated wire memory type arrangement.
However as is appreciated by those familiar with the art
the storage words may comprise of other types of storage
elements so that appropriate signal transfer techniques
may be employed therefore.

There has accordingly been shown and described here-
in, a novel data processing system whereby, a plurality of
records simultaneously read out on a plurality of tracks
of a memory in which the records are stored are simul-
taneously compared with each of a plurality of characters
in any one of a plurality of comparison criteria to deter-
mine which of the records contained a predetermined
combination of characters, representing a requester’s
query. When the characters comprising each record con-
sist of multibit numbers, each of the numbers may be
compared with any one of a plurality of multibit num-
bers in the key register. The comparison of the read out
number with each of the numbers in the key registers
may be in accordance with a different comparison criteria,
such as equality, equal or greater than, equal or smaller
than, etc., thereby minimizing the time required for
searching the content of the various records and tagging
selected ones thereof.

It is appreciated, that those familiar with the art, may
make modifications and/or substitute equivalents in the
arrangements as shown without departing from the true
spirit of the invention. Therefore all such modifications
and/or equivalents are deemed to fall within the scope
of the invention as claimed in the appended claims.
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What is claimed is:

1. In combination with a memory in which is stored
at least one multibit character, sequentially readout there-
from, bit by bit, a system for comparing said character
with each of n characters and for providing indications
of the comparisons therebetween, the system comprising:

n storage elements each having two binary states;

n end-around shift registers each containing one of »
characters with which the character readout from
memory is compared; and

means coupling said storage elements to said shift regis-
ters and to said memory from which said character
is sequentially readout, said means including logic
means responsive to each bit of the character read
out from said memory and each corresponding bit
of the character contained in each register for con-
trolling the states of said n storage elements whereby
at the end of the comparison of the character read-
out from memory, the binary state of each storage

element is indicative of the comparison between said 2

character readout from memory and a character in a
register associated therewith.

2. The system defined in claim 1 wherein said memory
includes a plurality of multibit characters, readout in
parallel therefrom each character being sequentially read-
out bit by bit, said system, including a plurality of groups
of n storage elements, a corresponding element in each
group being associated with another of the shift reg-
isters, and each group of » storage elements being asso-
ciated with each of the characters, readout from memory,
said logic means including a first plurality of logic stages
each responsive, bit by bit, to one of the characters read-
out from memory for controlling the binary states of the
n storage elements associated with said character, and
a second plurality of logic stages, each responsive, bit by
bit, to the character in one of said shift registers for
controlling the binary states of the corresponding ele-
ments in said n groups with which said register is asso-
ciated, whereby the binary state of each storage element
in said plurality of groups of n storage elements is con-
trolled as a function of the comparison between the char-
acter from memory associated therewith and the char-
acter in the shift register with which the element is asso-
ciated.

3. The system defined in claim 2 wherein each logic
stage in said second plurality of logic stages includes
bistable means for controlling the response of the logic
stage of said second plurality of the output of its asso-
ciated shift register to control the comparison criterion
with which the character in the shift register is compared
with each of the characters readout in parallel from said
memory.

4. The system defined in claim 3 wherein said bistable
means includes first and second flip flops each operable
in either of two states, the combinations of the states of
said first and second flip flops defining at least three com-
parison criteria including, equality, equal to or greater
than, and equal to or smaller with which the character
in a shift register is compared with each of the characters
readout from memory.

5. The system defined in claim 4 further including a
multibit query register each bit having first and second
binary states, and means responsive to the states of the
n storage elements of each group, indicative of the com-
parisons between the character associated with said group
and each of the characters in the a registers, for compar-
ing the states of the » storage elements of each group with
the states of a selected number of the bits of said query
register.

6. In combination with a memory consisting of at
least one data track in which multicharacter records
are stored, each record including any combination of
characters of a plurality of characters, including an end-
of record character, the memory including means for
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sequentially reading out each character, bit by bit, an
arrangement comprising:

n registers for storing therein » characters of the plu-
rality of characters of said records, including said
end-of-record character;

at least one first plurality of n storage elements, a dif-
ferent element associated with a different one of said
n registers;

at least one second plurality of » storage elements each
element in said first plurality of elements having a
corresponding element in said second plurality of
elements;

means for inductively coupling each of the storage ele-
ments in said first plurality of elements with one of
said registers and with said means for sequentially
reading out, said means including logic means, re-
sponsive to the character readout from said track,
bit by bit, and each of the n characters in said reg-
isters for controlling the binary state of cach storage
element in the first pluralily of storage elements, as
a function of a preselected comparison criterion
between the character readout from said memory and
the character in the register associated with said stor-
age element;

control means for controlling at the end of each charac-
ter comparison interval the binary states of the sec-
ond plurality of the n elements as a function of their
states and the states of the corresponding elements
in said first plurality of elements;

a query register comprising of » bits operable to rep-
resent a selected query criterion; and

means coupled to said query register and said second
plurality of storage elements including means for
comparing the binary states of the bits of said query
register with the binary states of said second plurality
of n elements to provide a first selected signal when
the states of a selected group of said n elements in
said second plurality of elements compare with the
states of a corresponding group of bits of the n bits
of said query register.

7. The arrangement defined in claim 6 wherein each
of said characters comprises of a fixed number of bits,
said control means including means coupled to said logic
means for controlling the comparison of each character
readout from memory with each of the characters in each
of said n registers, bit by bit, the state of each element
in said first plurality at the end of the comparison of a
complete character readout from memory during a char-
acter comparison interval, being indicative of the com-
parison between said readout character and the charac-
ter in the register associated with the element, said end-
of-record character being stored in one of said registers.

8. The arrangement defined in claim 7 wherein said
means for comparing provide said first selected signal
only when the elements in said first and second plurali-
ties of elements associated with the register wherein the
end-of-record character is stored are in a preselected state,
indicative of the reading out of an end-of-record character
from said memory, and the states of the selected group
of said n elements in said second plurality of elements
correspond to the states of a corresponding group of bits
of the n bits of said query register,

9. In combination with a multitrack memory of the
type wherein a plurality of records are stored in x tracks
of said memory, each record comprising of any number
up to n characters, each character including y bits, the
last character of each record consisting of an end-of-
record character, and means for reading out in parallel,
bit by bit, characters from said x tracks, the characters
comprising parts of x different records, an arrangement
for simultaneously comparing each of the x readout char-
acters with each of n characters the arrangement com-
prising:

n end-around-shift registers, a different register storing

a different of the » characters with which each of
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the characters readout from said memory is to be
compared;

a first plurality of bistable elements arranged in an
array of x rows and n columns, the elements in a
different row being associated with a different track
of said memory, and the clements in a different
column being associated with a different register;

means coupling the elements in each row to the means
for reading the characters from the track associated
with the row of elements, including row logic means;

means coupling the elements in each column to the
register associated therewith, including column logic
means; and

control means coupled to the row and logic means for
supplying control pulses thereto to control the state
of each element as a function of the comparison
between the character supplied to the row logic means
from the memory track associated therewith and the
character in the register coupled thereto, whereby at
the end of a character comparison interval, the states
of the elements in each row correspond to the com-
parison between the character supplied to the row
logic means associated with the row of elements and
each of the characters in the n shift registers.

10. The arrangement defined in claim 9 wherein said
elements are controllable by said control means to be in
a first state at the beginning of a character comparison
interval, said control means providing said contro] pulses
to said row logic means and to said column logic means
so that, at the end of said character comparison interval
each element at a row and column supplied with com-
parable characters remains in said first state and all other
elements are in a second state.

11. The arrangement defined in claim 10 wherein each
of said column logic means includes selectively settable
means to control the comparison criterion between the
character in the register associated with said column logic
means and each of the characters readout from said
memory.

12. The arrangement defined in claim 11 wherein said
selectively settable means are set in any one of first,
second, and third states defining comparison criteria of
equality, equal to or greater than, and equal to or smaller
than, respectively, whereby each of said x characters read-
out in parallel from said memory is comparable with each
of said n characters in said » registers in any one of at
least three comparison criteria.

13. The arrangement defined in claim 12 wherein one
of said registers stores the end-of-record indicating charac-
ter, the arrangement including:

a query register comprising a plurality of bits each hay-

ing two states for defining a search criterion;

a second plurality of bistable elements, each one asso-
ciated with a corresponding element in said first
plurality of bistable elements, said control means in-
cluding means for combining at the end of each
character comparison interval, the states of the ele-
ments of said first plurality of bistable elements with
the states of corresponding element of the second
plurality of bistable elements; and

means for associatively comparing the states of the bits
of said query register with the states of the elements
in said second plurality of elements, associated with
each row of elements in said first plurality of bi-
stable elements, to provide a selected output signal
when a positive comparison is produced and the
bistable element in the row of elements in said first
plurality of bistable elements associated with the
register storing the end-of-record character is in said
first state.

14. In combination with a memory system including

a memory wherein multicharacter records are stored,
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each record including an end-of-record character at the
end thereof, each character consisting of a fixed number
of bits, and x read out means for reading out in parallel
x records, character by character, and, bit by bit, an
arrangement for providing an output signal in response
to each record readout which contains a preselected com-
bination of characters. defining a search criterion, the
arrangement comprising:

n end-around-register a different one storing a different
character with which the record characters are to be
compared;

x memory words, each defining T and T’ fields, each
field including n elements having first and second
stable states and switchable therebetween, corre-
sponding elements of the T field being associated
with a different shift register;

x row logic stages a different one coupling a different
readout means to a different memory word;

n column logis stages, a different one coupled to a
different register and the corresponding elements in
the T fields associated therewith;

first control means associated with the x row logic
stages and the n column logic stages, for controlling
the operation of said logic stages during a plurality
of each of bit comparison intervals defining a charac-
ter comparison interval, whereby at the end of the
character comparison interval, the state of each ele-
ment in the T field is a function of the comparison
between the character in the register associated there-
with and the character supplied from the readout
means coupled to the memory word thereof, said first
control means providing at the end of each character
comparison interval control signals to control the
states of the n elements of the T’ field of each word
to be a function of their state and that of the corre-
sponding elements of the T field;

a query register comprising of n bistable elements their
combined states defining a search criterion; and

second control means for associatively comparing the
states of at least some of the n elements of said query
register with the states of corresponding elements in
each of said xT’ fields to provide an output signal
associated with the T’ field when the states of the
elements of the T’ field match the states of the
selected elements of said query register.

15. The arrangement defined in claim 14 wherein each
of said column logic means includes selectably settable
means for controlling the comparison criterion with
which the character in the register associated with the
column logic means is compared with each of the char-
acters readout from said memory, said selectably settable
means being settable in any one of at least three states
defining equality, equal to or greater than, and equal to
or smaller than comparison criteria.

16. The arrangement defined in claim 14 wherein each
of said memory word comprises a wire having the ex-
terior surface thereof plated with magnetic material.
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