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ORGANIZATION OF CHEMICAL DISCLOSURES FOR MECHANIZED RETRIEVAL

This repern will deseribe a system of organizing
the total disclosure of a document so prescit 4
comprehensave,  mechanically retvicevable ropre
senttion ot the details and relitionships of cherii-
cal subjeer matter. The method b= being usod in
the proparation of dats for patent seivrches which
have been programnied for SEAC, the clectronic
digital computer of the National Bureau of Stauod-
ards.  Moemboers of the Applications hogineoring
Section of the Data Processing Division of the Na-
tiona]l  Burcau of Stindards are working closcly
with the Patest Office Rescarch and Developmoent
Group on e computer program and on more general
aspects of the applivation of machines to the Par
ent Office scarch problem. At the time of writing,
the program is undergolng the process known as
“debuggzing.”  Detotls of the computer program it-
sell will be Jdescribed ing a subsequent paper.

WHAT DOES "PATENT SEARCHING"
CONTEMPLATE?

In “Information Retrieval,” as the term is gen-
crally used, the subject matter desired isassumed
ro be present in the file being inspeciod. For ox-
ample, if the file comains 1950 population data for
all countries which are members of (he United Na-
tions and one wishestofind the population of France
in 1950, the vetrieval job resolves itself into lo-
cating and reproducing this particular information
from the files.

However, in “literature Scarching” there is no
presumption that the desired subject matter exists
i the file, and in the example given one might
search the file to lind out whether or not the 1950)
population of France is listed.

“Parent Scarching™ is a spoecial type of literature
searching which is performed by the Patent Office
in determining the patentability of the claims of a
patent application and i has peculiar characteris-
tics, some of which arce as follows. Confronted
with the “claims™ of a pareat application, which
set forth the limits of the area towhich the inventor
is attempting to acquire an oXclusive right, the
patent examiner, by means of a scarchofall avail-
able publications, must determine whether the sub-
ject matier set torth in the claims is novel. If it
is novel, the examiner nwst determine whether it
bs sufficiently diffeecent from related or equivalent
subject nutter o be considered "inventive.” The
term “equivalent subject matter” is wsed in the
sense of other embodiments of the same inventive
concept represented by the claims, and these may
be found by scarching on the basis of the classes
of which the concept claimed is a member. The
standards for judging “invention” are complex and
their bases are included in both statutory and ju-

'Revision of padpor presented before the Pivision
of Chemicil Literaturce, 1l3lst Mceting of the Amer:-
can Chemical Hoclety, Miami,Florida, April 8, 1957,

dicial pronouncements; bul since they are nol rel
evanl 10 the present discussion they will not be
further explaimed here

T'o determine both novelty and invention the patent
searcher looks for disclosures of a particular con-
copt rather than words.  He is not primarily in-
terested in the gencral subject matter of a docu-
ment. [Further, he is oot intevested io e entive
document s an entity except as evidence that the
subjeet matter of his scarch has been previously
conceived.  Of the rtotality of ideas in a collection
of documents cvery one of them or any combina-
tion of them may be the basis on which someone may
wish to make a scarch. This, together with the
fact thae it 15 impossible to predict just what ques-
tions will be asked of the system, makes it man-
datory to include in the encoded file all of the dis-
closed technological dertails in cach document, to-
gether with the relarionships among them.  This
will permit the searcher to in effect synthesize
whatever classification pigeonhole is pertinent to
his needs.

Since generally, any concept can be described
from multiple points of view, including a specific
identification of it, the scarcher must be able to
find the disclosures in which he is interested by
defining his field of scarch in such @ wav as o
delimit his needs preciscly and with whatever de-
gree of specificity or breadth that he requires.
lHe must be able to search for combinations or
subcombinations of ideas and to vary his search
on this basis as the system finds or fails to find
ANSWErs 1o qUCb‘EiD]"IS pl'll'::l.‘i(.‘d more or less com-
prehensively, See Newman's article for a discus-
sion of other phases of the subject of patent search-
ing {(1).

GENERAL CHARACTERISTICS OF THE
MECHANIZATION SYSTEM

The computer scarch program which ecmbodies
the system is known as HAYSTAQ, (Have You
Srored Answers (o Questions?)

The documents first being incorporated into the
gystem arce chemical parents. These include within
their scope not only compounds and mixtures of
materials (referred o as compositions) but also
processes for making and using compourxds or com-
positions. Reasons exist for believing that the next
large field of endeavor to which the systerm will
be adaptable will be the clectrical or electronic
arts, since the struciural forms of these disclosures
arc, to a reasonable extenr, similar ro thosc of
chemical disclosures. Application to the mechan-
ical arts is probably further in the future because
of peculiar language problems that exist and the
multidimensional interrelationships between dis-
closure elements. For example, in disclosures of
machines, the elements are frequently described
only functionally and the associations among me-
chanical elements are often described largely in
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terms of complex interwoven sequences of events
thar occur when the machine s in operition.

(1) The lechnological disclostres in the docu-
ments which will be incorporated into (he system
are styuctured.  Various levels of organization of
subject matter exist, such as the entire document,
the several discrete disclosed processces, the vari-
ous independent mixtures ol materials (these may
be taught as being involved in some stepof a proc-
ess) and the individual compounds. ITa single com-
pound is disclosed as existing alone, organization-
ally it is treated as a composition.  In addition,
there  are many relationships which may  exist
among the clementary ideas disclosed, such as
combinations, positive and negative rcelationships,
aliernativeness, equivalence, exclusion (identified
in1he ficld of patent law by theterm "consisting™),
inclusion (identified by the term “comprising”),
and sequence, either in lime or space.

{2y The encoded form of the disclosure closely
follows the stvuciure of the disclosuve in thedocu-
ment,  Neither a narrative summary nor a trans-
literation of English words into machine code is
aimed at, nor is the order of presentation of ideas
uscd in the document preserved inthe code. Analy-
sis and coding of a disclosure involve much siftiog
and veordering of the subject matter sothat the final
coded formal reflects a logical arrangement of
non-intermeshed structural groupings of the teach-
ings of the document.

(3) An encoded question is in the formofa moudcel
answer and it reflecrs the structure which such in-
formation would have if it were a disclosure. In
addition to the model answer, rhe question contains
data for use by the machine in screening disclosures
for relevance o the scarch questionas wellas data
uscd in selecting the appropriate parts of the search
program. The latter is necessary becausce the
program includes facilities for secarching under a
very large varicty of conditions, and less than all
of these conditions will obrain for any one search.
At present, approximately 24V variations of the
search are provided for and this is entirely apare

from variations due to the use of different code words,

The program may he described as treating cach
search question as though it were in the following
form; is it truc or false that the file contains an
cncoded disclosure of X? (X is the subject martter
soughty, If false, give some indication that there
is no such disclosure, but if true, produce the cvi-
dence by identifying the document containing the
disclosure of X, such as by printing out the patent
number.

In stating the scarch question, X is specified in
exacily the scope desired to be found. However, it
is to be understood thar for a question which is ge-
neric in scope, it is generally assumed that what is
sought is either a disclosure of any member of the
genus or a teaching of the genus, (Facilitics for
scarching questions which require as answers dis-
closures of a teaching of a genus are contemplated
for incorporation into the program.y The machine
is not permitled to approximate rhe answor, nor is

it permined to vary the scope of X, Thus, it
a combination of A+RHC is asked for, answers
corresponding to a question for A+B arc not
acceprable, nor are answers corresponding to a
question involving ABR+H) aceeprable. One may
state whether only disclosures of exactly AtB+C
are desired or whether disciosures which include
somethiog in addition 1o A+B-C arce also accept-
able.  Should no answers for AR be found,
it would be desirable to have the muchine ask
ftself  additional questions for less than the entire
combination, such as Ar3.  Also, it would by
desirable to have the machine determine and find
cquivalents of A+B+C, such as a disclosure of
A+B+D) rogether  with another disclosure which
teaches that Dis the cquivalent of ¢, Searchiug
according to cither of these last rwo variations
is contemplated for the future but Las not vet been
Incorporated in the program described in this
papcer.  In any event, such search facilities will
be designed with control of the extent of vari-
ation from the original question determined by
the scarcher, rather than by the maching, for it
can casily be demonstrated that unrestricted “free
choice” in this regard can lead to finding logical-
ly cquivalent answers which are actually net at
all desired. Tor example, a request for A+B+C
might result in finding D+E+F, where D is cquiva-
lent to A, E is equivalent to B and F is equivalent
to C, but the toatal effect of the DHE+F combination
may be oo unlike A+B4C to be of utility to the
scarcher.

THE PROBLEM OF ENCODING THE TERMS

USED IN A DOCUMENT

One using the system, cither by encoding data
or asking questions, should not have (o bridge the
gap between the words of a document and a uni-
versal basic concept language and rhen bridge the
gap berween that language and a machine code
language. Therefore, there will be provided a
dictionary of machine codes representing the va-
rious subject marter concepts provided for in the
system.  Entrics will be listed under common
language terms.  In the dictionary the single con-
cept denofed by a code should be unambiguous.
The concepr invoked by a word or expression in
ity context should be considered as important
rather than the word per se.  When scveral
expressions have the same meaning they should
havc the same code.

For example, one wishing ro encode the expres-
sion “boy” should find in the dictionary the same
code as one tooking up the expression " young human
malc.” On the other hand, the expression " ring”
would have several codes, and the correct one (o
be used would depend upon whether the context
in which it was uscad indicated its meaning to be
(1) the sound of a betl, (2) a chemical configura-
tion, (3} an annular piece of jewelry worn on the
finger, (4) an association of counterfeiters ov
{5) a prize fighting stage.

Provision must be made in the dictionary of
concepts for which codes are provided to indicate
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generic and specific relationships as well as
the relativity of these concepts. Thus, if A is
generic with respect to species B, B may be art
the same time generic to species C,

Provision must alsc be made for including all
species under a genus, and miscellancous catego-
ries are useful under each generic catagory to
include all species not specifically provided for.

The HAYSTAQ program has becn designed tobe
independent of vocabulary problems. The solu-
tions to problems in this arca should be embodied
in the coding schedules.

THE ORGANIZATION OF A DISCLOSURE

The bhasic unit of searchable information in the
system, which is called an “item,” represents all
the pertinent information about a single chemical
compound. Included in an item are a specific
unique identification tag called an “index number,”
the empirical formula {where known), descriptors of
the chemical characteristics of the compound,
physical characteristics, source characteristics
{(where the compound is present as part of an ex-
tract or other naturally occurring mixture) func-
tiona) or usecharacteristics, process involvements
of the compound and its structural formula. (Sec
Fig. 1).

Item A

1. Index number for Item A

2. Empirical formula for Item A

3. Chemical descriptors for Item A
4

. Miscellaneous descriptors for Item A (e.g.,
physical characteristics or source from a
named botanical genus)

S. Functional descripiors (e.g., use as an anti-
matlarial)

6. Process descriptors (e.g., starting material for
reaction X in time 1)

Figure 1

Each of these is called a “descriptor” of the item.
If a compound is pamed in a disclosure but is
taught to be excluded from a mixture whose com-
ponents are named, the negative character of the
item representing such compound is indicated,
When several compounds are disclosed as alterna-
tives in a composition, this relationship among
items is indicated. The further relationship of
equivalence among alternative items is shown by
the fact that they share a common function. Should
a compound be disclosed generically but with certain
negative limitations, the positive and negative
descriptors arc each identified. Generally, each
descriptor in an item is cncoded in a single unit of
computer storage, called a “word.” However,
where a single word is insufficient, as may oc-
cur in the empirical formula, chemical descriptors

or structural formula, provision is made for
treating a group of words as a unit. The several
words which together constitute an item and the
several items which together represent a compo-
sition are grouped together by “heading” words,
which contain information used by the machine in
selecting the appropriate parts of the search pro-
gram.

A process step is considerced 1o be defined by
a statement of its mixture of starting materials
and its mixture of final preducts. Thus, two
compositions are required to define a process
step. Each of the compounds involved is set forth
as an item, and as noted abave, an item includes
the codes describing process involvements of the
compound. The scveral steps invelved in a totai
process include each of the compositions involved in
each step and such compositions formanorganiza-
tional grouping known as a “process string.”
Several independent process strings may be grouped
together in the largest grouping recognized, which
is called a “document” or “patent.”

Since HAYSTA(Q} bhas been devised for use with
a computer which has a serial input and a serial
type of internal operation, inspection of a large
file might be an uneconomically lengthy operation
unless devices were incorperated into the system
to accelerate the search. Four main approaches
to the problem of increasing the rate of scanning
the file are provided.

1. The Rule of Progression

In making a search, one question item is com-
pared successively with each item in a disclosure
composition. Only if an answer to a question item
is found is the next question item called up, and
then it is successively compared with each item of
the disclosure composition. [f any one question
itemn fails ro find an answer, no further time is
spent in inspecting the same disclosure composi-
tion. Instead, the next disclosure composition is
immediately called up and the process of compar-
ing the first question item with each item of the
new disclosure composition is begun. The same
principal is followed at all levels of search. Thus,
within an item, before a question descriptor canbe
compared with a disclosure descriptor, the previ-
ous question descriptor must have been matched
and if any one question descriptor fails to find a
match in a disclosurc item, the next disclosure
item is called up and a match for the first ques-
tion descriptor again is sought.

The general rule is that as soon as any unit of
disclosure is discovered to be not an answer 1o
any part of the question, that unit of disclosure is
no longer inspected to determine whether it satis-
fies the rest of the question, and the machine im-
mediately progresscs to the next higher level unit
of disclosure which, until proven otherwise, seems
to be more promising.
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2. Ordering

The several kinds of desceriptors contatned in an
item each have characteristic identifying indicia.
Thus, the first digit of a code word for an index
number is L, for an empirical formula 2, for a chem-
ical descripror 3, and so forth, for cach type of
descripror used.

The descriptors arc arranged inascending order
of their first digits. In scarching, whena descrip-
tor in a question item is being comparced wilh a
descriptor in a disclosurce itemn, initially the firse
digits are compared. I the first digit of the ques-
rion descriptor is larger, the next disclosure de-
scriptor is called up and its first digit is com-
pared with that of the question. If the first digits
match, the descriptive or “substantive” portions
of the two descriptors are then compared. Should
the first digit of thedisclosuredescriptor be larger
than that of the question, it is apparent that it is
no longer possible to find a match in this dis-
closure item. Therefore the rest of the disclosure
itermn is ignored and the nexrdisclosure itemis gone
to at once. In a similar manper the several cie-
ments listed in an empirical formula arc arranged
in ascending order of atomic numbers. Descrip-
tors of the chemical characreristics, as many as
four of which appear in a single computer word,
are similarly arranged. Other orderings are pro-
vided for similar purposcs. For example, if sev-
eral process strings are disclosed inthe same docu-
ment, the largest one is ingpected first.  If it is
screcncd out because the question deals with a
larger process, it is apparent that noothey process
string of this document could suffice anc the re-
mainder of the document is ignored.

3. Screens

Screening is a procedure which permits making a
rapid determination of whether it is worthwhile
asking a larger number of more specific questions
of a disclosure unit. For example, if one were in-
terested in finding a particular structural formuly,
it would be well to make a detailed structure search
of only those file entries which have an empirical
formula inclusive of that of the question compound.
Other bases for screening include: various general
chemical structure concepts, the presence or ab-
sence of a negative Jdisclosure when one is bcing
sought, the presence or abscence of a disclosure of
alternatives when a teaching of equivalence of two
or morethings is wanted, an indication of whelher or
not any process is disclosed when the search s
for a particular process, and the number of com-
positions involved in a process.

In a sense, because of the rule of progression,
cvery part of a question has some screening value.
However, a true screen is a concise, redundant
statement of information which is alsopresented in
greater denail elsewhere inthe disclosure and ques-
tion cexles. A sercen may concern itsclf not only
with such information as is likely 1o be the subject
matrer of a real scarch, but also with mechanical

details, such as rhe form or size of the code for a
given orgoanizational unit of information.  An ¢x-
ample of this may be the number of negative de-
scriptors in a disclosure item, which could be com-
purcd with the number of negative descriptors in
the question item. A screen should have a farge
measurce of ability 1o separate the wheat from rhe
chaff, that is, it should casily and effectively elimi-
nate the need for close scrutiny of many nonper -
tinent disclosures while accepting for dewatled in-
spection at least all those which are pertinent.
Thosce disclosures which “pass the screen” butare
not really pertinent will be later liminated in the
more detailed  search  following the screcening.

How arc screens selected? According 1o once
theory, a screen would be well chosen §f it per-
mitted acceptance of 507 of the disclosures for
further scarching and climinated the other 5057, A
plurality of screens would be provided and the
whole array usced in every scarvch, cach one heing
used on those disclosures wiich passed the pre-
ceding screen. The proportion remaining afier
several successive tests would be very smail, It
is easy to see that if 4 such screvns were used,
after the first one only 508, of the original number
of disclosurces would remain, after the second one
only 259, after the third 12 1/27, and after the
fourthh 6 1/4%. Intac, it has been proposed that for
s0mMe uses a seavching system would be adequatce if
a prederermined number of screens were employed
without any morce detailed searching. However, the
larger the file, the longer the documents and the
more  complex the questions  in the system, the
less satisfactory would the sysrem be which made
all deerminations of what documents are to be
selected strictly on the basis of probability.  In
such a large collection as the Patent Office deals
with, it is necessary (0 make a very procise so-
lection of the pertineot documents, that is, the
selected group must include all those which are
pertinent, in that they comain thedisclosure sought
and the total number sclected must be as nearly
equail to the number of pertinent ones selected as
possible. 1 is for this reason that the benefits of
screens arc crmployed in this system, namely (o
theoretically cut down the size of the file, and to
facilitate making the ultimate sclections on the
basis of more oxact criteria.

‘The probability or statistical approach in which
desired subject matter is converged upon by scarch-
ing solcly in terms of multiple descriptors without
showing relationships among them is consideredto
be useful as an auxiliary 100l in a system Jdirected
to precise and specific searchies of a very large
file. Intensive dewail specification, such as struc-
tural formulas, and specific identifications, such
a8 index numbers, will be relied upon for prue-
cise pinpointing of subject matrer,

A second theory of screening differs from the
first in that 1 requires rejection of a larger pro-
portion of the Tile aod permits the wse of a large
variety of available screens, the ones cmployed in
a particular scarch being sclected in terms of the
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nature of the search question at hand,  [If the 4
screens used in the previous example could cach
eliminate 908 of the references, only 0,018 would
remain instead of 6 /2%, which tsanimprovement
by a ratio of 625 to 1, resulting from a judicious
sClection of the screens applied. At the present
time various screens dave being tested and only @
large amount of expericence with the system in actual
use will permit real evaluation of particolar ex-
amples of them.

4. The Relative Placement in Storage of the
Structure Codes as Compared With That of
the Remainder of the Codes.

The space required to store one large composition
disclosure is more than thar available io the in-
ternal memory of the computer.  Thercefore cach
composition will be stored externally on two mag-
netic tapes, the codes for the general information
about 1the composition being on one rape and the
codes for the structural *formulas being on the
other.

First, the general information will be read into
the internal memory of the computer and scarched,
and anly afterwards, if the disclosure istentatively
sclected, will information on the structure tape be
read and searched.  In praciice, this means that if
during the search on the general information tape
4 composition disclosurce fails to answer the ques-
tion for any rcason, both tapes can be advanced o
1he  next composition, the structure tape being
nceither read in nor inspected. This is important
because time spent in reading in data without proc-
essing it is wasted time, as far as productive re-
sults are concerned.

An example of a disclosure and a schematic rep-
resentation of its code follows. An X reaction be-
ween A and B forms C and 1), then C and 1) by a
Y reaction form B and I and, finally, |5 and F by a
7 reaction form G,

On Tape No. I

Patent No. 1
Composition |

ltem 1
1. Index number for A
2. Empirical formula for A

3. Chemical descriptors for A

4. Miscellancous descriptors for A (e.g.
physical characreristics or source
from a named plant genus)

3. Functional descriptors {c.g.
antimatarial)

6.  Process descriptors (e.g. starting ma-
terial for reaction X in uime 1)

use as an

[tem 2
1-5. (Similar to ltem 1)
6. Srarting mawerial for reaction X intime
1

Composition 11
JTtem 1
1-5. (Similar o hem 1 of Composition 1)
6. Final Producr of reacrion X in time ]
6.  Starting material for reaction Y intime
2
hem 2
1-5. (Similar 1o TItem 1 of Composition I)
6. Final product of reaction X in lime 1
6.  Srarring material for reaction Y intime
2
Composition 111
[tem 1
1-5. {(Similar to Item 1 of Composition [)
6.  Final product of reaction Y in time 2
6. Starting maicrial for reaction /intime
3
Item 2
1-5. (Similar 1o Irem @ of Composition |}
6. TFinal product of reaction Y in time 2
6. Starting material for reaction Zintime
3
Composition [V
Item 1
i-5, (Similar ro Item 1 of Composition )
6. [Final product of reaction Z in rime 3
On Tape No. 2

Patent No. 1
Composition |
hem 1
Structure
ltem 2
No structure codes for B
Composition 11
ltem 1
Structure codes for C
[tem 2
Structure codes for D
Composition II1
No Structure codes for E or T
Composition 1V
Item 1
Structure codes for G

codes for A

In addition to the information represented inthis
illustration, negative descriprors and negatively
disclosed items will be indicared, as willalsothose
groups of items which are disclosed as being al-
ternatives for each other., By comparison botween
Tape No. 1 and Tape No. 2 it will be scen thar not
cvery item (v.g., Item 2of Composition ) nor every
composition (e.g., Composition 1) will have codes
for structural formulas. Whether or not one is
coded depends solely upon whether the document
reveals such information. The format of the code
for a question will be similar to that for a dis-
closurce. Included inthe “heading words,” whichare
the words in the example which identify the number
of the patent, composition and item, will be the in-
formartion for usc by the machine in selecting and



using the appropriate portions of thewotal avaitable
search progran.

SEARCHING FOR A PROCESS

The system provides Tacilities for searching for
disclosures of a process, which may boe defined in
the search question in as much detail as desired
in terms of the starting marerials, intermediates,
cnd products, reactions involved, reaction condi-
tions, or any combination of these factors.  The
identification of a process step, as by name (c.g.
didgzorization, neutralization, el¢.), is coded as a
descriptor of each item involved in this step, and
associated starting materials and final products are
also idemtificd.  [n a process involving scveral

Compasition 1 Composition [

I I Item !

A O

SM - X -1 FPo=iX =1
SM=-Y -2

Item 2 Item 2

B D

SM-X -1 EP—X =1
SM - Y -2

steps,  intermediate compounds are ideanrified as
both the final product of anearlicr stepand a start-
ing material (reactant) for a later one. he time
sequence s denoted by assigning numbers in se-
quunce to the descriprors of the process seps.

The example of the process disclosure shown
above may be represented in summary as shownin
Figure 2.

In this representation, A, B, C, D, &, F, and ¢
represent all of the non-process Jdescriptors for
items A, B, C, ¢te., SM represents “starting ma-
teriagl” and PP represents “final product.”

The time sequence numbers are rolative, not
absolute, It one were to search, for example, for
a ¥ reaction between C andDtomake B and T, fol-
lowued by a Z reaction between b oand IF 1o make G,

Composition I Composition [V

A - all desceriptors for cpd. A except process and siructure
B = all descriptors for cpd. B except process and struclure, erc.

Figure 2

he would specify the time number forY as 1 and (hat
for Z as 2. The machine would compare the num-
bers associated with Y and 7 for their relative
values, namely that Z°s number is greater thao
Y's (which would indicate its later occurrence in
time), rauther than looking for the same absolute
values as are stated in the question.,

Actually, because of the “interlocking effect,”
which will be described below, the question need
nol specify scquence {or relarive time) numbers
unless it is of the type referred 1o as a “generic”
process guestion. Such a process question is one
which specifics the desired sequential relationships
among somge of the steps in a process but permits
a hlatws between other steps.  For example, as
in Figure 3, a question may be directed to an X
reaction botween compounds A and B to make
compound C, followed by reaction Y, in which C
forms compound E, which in turn is used to make
compound G. In this guestion, 1l is not specified
whether (1) 14 is the immediate precursor of G,
or whether (2) several process steps imervene.
This is called a “generic” process question be-
causce disclosures of both of these types, (1) and
(2}, will be acceptable. Wihen a disclosurcappears

Item 1 Hem £
E G
FP-Y -2 FP-Z-3
SM~2 -3
Hewm 2
F
EP-sy =
SM~= Z+3
QUESTION
X ¥
A+B (i bimmmmmm-- -G
DISCLOSURE
X Y Z
A+B—— —C+D-— T o sl

Figare 3

to meet all of the general requisites of the generic
process question, sequence numbers for the paris
of the disclosure which bracket 1he hiatus in the
question will be compared. In the example, these
would be the numbers associated with the process
descriptors for the E and G irems.

»

The "interlocking effect,” is illustrated by com-
positions Il and 11 of Figure 2. If a quustion iden-
tical 1o this disclosure were asked, the sequence
numbers would be omined.  Since compositions
IT and HT are involved in two steps of the process,
Composition Il would have the offect of positively
linking together Compositions 1 and 1, and Com-
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position HT would have the effect of Hoking together
Compositions [T and 1¥,  This being the case, the
question weed not specify the time sequence num-
brrs.

Straight lincar provesses are not the only ones
whicly can be treated by the system. Thus, branch-
Ing processes which are convergent, divergent or
mixed, may be handled.  An example of a con-
vevgend process would be one in which A makes
B, independently C makes 1) and then B oand 1) are
reavted to make b,

A LB

i
I}

- — l;‘

C =D )

A divergent prucess might involve a reaction of

Foand F o form G and H, separation of G from H,

and scparate reactions of G and 1 1o vield Tand J

respectively.,

= G >l

(E+ By G i
i il o |

A mixad process might be one of the type:

A oD o S
L G R DR
C =1 Tt el

THE TOPOLOGICAL STRUCTURE SEARCH

Structure searching is often performed in terms
of a fragment, large or small, which denotes a
class of compounds.  This is important in patent
scarching for rwo reasons. Many generic conceprs
arc defined in the claims of a patent application in
rerms of chemical structure.  In addition, struc-
tural fragment svarching enables one 1o find equiv -
alents of claimed specific compounds.  For ex-
ample, the class of compounds containing the group

£ >—0Il includes, among others, {__i)—-()lt

0
{(phenol itselfy, II-‘.N-.%-(:}-OH (p-Oll-benzene
C
£ = OH
sulfonamidey, - | (heta-Ot -naphthalence)
\/:-\/'j

and a host of other compounds=. One scarchiog for
moembers of the class of phenols would be satisficd
by finding any of these compounds.

[t is not pussible, when encoding documents to
make up the file, to predict which groups of aromas

will be the cues later sought. Forsome scarchers
the common functional groups or radicals may not
bue of any morce importance than other groups for
which there is not a well known desipgnation. 1t is
thervfor necessury to provide for making an atom
by atom scarch to permit the searcher maximum
flexibility in designating his particular interest.

The method of coding structures emploved inthis
system is equally applicable to organic and to in-
organic compounds.  Each atom {excoept non-sig-
nificant hydrogens, which are the ones attached to
the carbons of the hvdrocarbon skeletony and cach
significant bond {(bonds other than singled in he
structure is assigned an arbitrary serial number
or “interfix.”?  Consccutive numbers beginning
with 1 are assigned o the bonds and elemema in
a completely random manner. The complete nota-
tion for cach atom or bhond coded is contained in
onc computer word and includes a symbol identi-
fying it {¢.g., by atomic number), its scrial number
and the serial nomber assigned to cach of the atoms
or bonds to which it is connected. Both questions
and disclosures arce similarly coded.  The serial
numbers assigned to the bonds and elements in a
question will seldom be the same as those assigoed
1o a corresponding structural fragment of a dis-
closure compound conaining the fragment sought.
Howoever, correspondence of numbers in this re-
spect is not required by the computer program, as
will be explained further.

Some exemplary structures and their codes are
shown in Figure 4. A question asking for all com-
pounds containing the sulfare radical might have
numbers assigned as shown in Figure S.

The search would result in the retrieval of two
of the compounds showo in Figure 4, as well as
all other compounds in the file which contain the
sulfate radical. Although the codes asked and rhosce
found differ from cach other, they are recognized
as being topologically cquivalent, that is, the sev-
cral equivalent codes represent fragments con-
taining like picces with like connectivities,

During the search, the machine inspects the first
atom listed in the question code and examines cach
of the atoms in the disclosure code being considered
until ir finds a march. The atoms connected to
this question atom arce then determined and their
correspondence to those connected to the first ac-
ceptable disclosure atomare compared umil further
matches are found. This continues until either all
of the bonds and atomss in the question, together with
their proper connective relationships are matched
in the disclosure compound, or until it is deter-
mined that ne such total maich is possible. Note
that the carrying forward of these comparisons is
based upon identification of ¢lemoents and bonds and
the identification of the adjacent clemems and
bonds.  The arbitrary serial numbers act merely
as guides to the machine in progressing from picee
to picce In the two structures being compared.

2% previous report describes another coding meth-
ud employing interflixes(2).
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Y
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o
N
1
Serial No.  Connec-  Svmbol Serial No,  Connec-  Symbol Serial No. Conmnee= Synibol
tions tions tivns
1 2-8 N 1 3 ) i 12 1
2 1-5 ('.' > 3-9 = 2 O-9-1-12 S
3 4-5-6 ) 3 0O 3 11 O
4 3-11-13 G 4 7-9 0 4 3-6-7-8 ¢
) 2=-3 % D 1-9 5 4 i
) 3-7 € 6 8-9 0 § 2-4 ¢
7 6-10 7 11 7 4 C
] 1-9 = 8 H B 4 C
Y #-10 G 9 2-4-5-6 5 Y 2-10
10 7-9 C 10 9 O
11 1-14 11 2-3
12 13 H 12 1-2 Q
L3 4-12 O
14 11 (@)
Figsare 4
Surial Connec- Giniolal SULEFATE lo stracture scarches conducied on SEAC, which
No. Lions 24 RADICAL is considerably slower in operation thae many of
: B the newer and larger computers, o file of 250
1 2-4 = - : i Selialonn : G
> 4 3 complex steroid  sirociural formulas wasd com-
2 1 0 -0-85-0- ploely searched in 8 minotes. Further experi-
3 4 O ; ments 1o determine the best methad of asking a
: 1;:{' ] & question have shown that it is possible o lower
4 L= 8=5F =0 S i this ritme to approximately 8 scconds,
4] 0
] 4 U 2 = AUXILIARY TASKS WHICH WILL BE DONE
6 G’ - BY THE MACHINE
= 6 £ For the future, in addition to performing he

Vigure 5

The wse of these numbers in (racing througha path
is carricd on independently ineach of the two struc-
tures, thus fulfilling the search despite the use of
completely arbitrary and Inconsistent numbers in
cach occurrence of the code for a particular struc-
ture.

scarch, it is planned to take advantage of the come-
puter’s ability 1o make logical decisions and 1o
porform repetitive clerical tasks rapidly and with-
oul error inaccomplishing coertain other operations,
a5 follows:

(13 The encoding of disclosures van be facilitated
by the machime o several ways, As a disclosure
iem is encounterad for the first time an " hdex
card” will be prepared which will contin all syn-
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onyms for the item, a picture of the structural
formula {if known), the codes for index numbers,
codes for the empirical formula, codes for those
chemical or  funcrional descriptors which are
“fixed” (in the sense that they will alwavs be coded
with the item) and codes for the structure details,
The empirical formula will be generated by the
machine when the index cards are prepared and
this will be computed from the topological struc-
ture code.  Punched cards corresponding to the
index cards will be made for usce inthe preparation
of the tapes on which the data is finally stored.

In preparing an abstrvact, the abstractor will
manually write out an indication of the organiza-
rion of the various levels of disclosure, the index
numbers of the items included in various com-
positions, indications of the compoesitions in the
various processes, the “accidental” descriptors
(accidental i thar they are to be coded for
particular items only because of the environment
disclosed for that item in che particular documaoent
being treated), and indications of alternativeness,
negativeness, conjunction and other relationships.
The subject matter contained in the abstracy will
then be encoded and transcribed onto punched cards.

To compile the complete code for thedisclosure,
the machine will be programmed to record om
magetic tape all codes derived from the abstract
and to intersperse in all proper places the codes
from the punched cards representing the index cards
which bave boen previously prepared. The tape so
prepared will then be processed by the machine
according to an "oediting” program to generate and
ingert into the code, data for the mechanical
screens.  Following the editing routine, the en-
coded data will be checked for mechanical andcor-
tain logical errors by usce of still another computer
program.

{2y Questions to be scarched will be compiled,
cdited and crror checked by the machine ina man-
ner similar to that used in preparation of the dis-
closure file.

(3} tlse can be made of the machine in dividing the
disclosure file into smaller files, cach of which
would take less time to scarch than the entire file,
As will be explained, this would not be a separa-
tion of documents into collections bascd on their
general subject matter, as is the effect obtained io
conventional classifications, where one collection of
documents might relate to domestic clothes wash-
ing machines and another collection might rebwe o
jon cxchange rosins.  Patent scarchers arve well
awarce of the situation in which some of the docu-
ments in the washing machine collection disclose
synthetic resins used in the protective coating for
the casing of the machine, and these resins may
be chemically identical with a resin claimed in a
patent application for use as an jon exchanger.

A scheme o permit the searching of files
smaller than the total collectionwould beginopera -
tions with o single, all-inclusive file.  Records
would be kept of questions actually asked of the

=B i

system.  As the total file grows by the incorporation
of additional documents into the system, rhe
records of previously asked questions would be
analyzed to determine frequently asked rypes of
subject martter. It would then be possible 1o set up
a scparate collection of encoded documents dealing
with, for example, ion exchange resins, by using
this subject matter for a search question and having
the machine copy off onto another rape all docu-
ments  in the general file which disclose such
subject matter, regardless of the general nature of
the disclosure of cach of the documents copied.
Note that the copied documents still remain in the
original file and continue to be available for search
on the basis of other subject matter which they
disclose. Al future searches for particular ion
cxchange resins would be made only onthe smaller
file with the assurance that all disclosures in
the total collection which are pertinent had been
investigated.

(4) In the main searching operation, it would be
desirable toavoid repealing searches already made.
If search questions previously asked were filed
together with identifications of docurnents found in
response 1o such questions and the identification
of the tast document included in the file when the
previous scarch was made, the machine could
search the “previous question” file before inspect-
ing the main disclosure file, 1f the present search
question is found w be a repetition of one asked
previously, the machine would print out the pre-
viously found results and then updare the scarch
by making the wvsusal scarch of those documents
in the general file which had been added since the
carlier search was performed. Where inspection
of the “previous question” file reveals that the
question has not already been asked, the entire
general file is secarched, and the question and the
results of the search then added to the “previous
question” file.

(2} The previously mentioned plans for per-
mitting the machine {(a) to vary the scope of the
search question and (b) to seek a valid combina-
tion of references whichtogether may represent the
answer 1o a complex question, will be investigated.
In many cases, operation of the machine in such
a manner could avoid the necessity of making suc-
cessive searches on cach of a seriesofclosely re-
Tated questions.

(6) It is contemplated that future programs will
moke use of "look-up™ tubles. T'or example, it is
expucted thar there will be tn the file many docu-
ments which disclose the same generic concept (o-
gether with a list of details or specific concepts,
such as the term “halogen” followed by a recital
of vach of the clements whiclh make up this ¢lass.
I would be convenient if, in cach of such dis-
closures, only the general term were coded to-
gether with an indication of where the table
specifying what is implicd could be found, The table
would be stored but once and only where the details
arc important need the machine refer to them. Con-



siderable stordge space could be saved by such a
devive,

(7) Two additional types of searches made inthe
Patent Office could be performed by the use of
systems  analogous to those described here for
making scarches of chemical subject matter. The
first is the so called "interference search,” which
is made by (he patent examiner immediately prior
o "allowance” (notification to the inventor of the
patentability) of an application.  [1s purpose s to
determine whether any other pending application is
direcred to the subject matter ¢laimed in the al-
lowable case.  If one is, a procecding called an
“imerference” is institured to determine which of
the applicants is entitled 10 the patent. The inter-
fercence scarch is limited 10 pending applications,
bur since well over 200,000 applications are now
pending before the Patent Office it is no casy task
to make a complete and conclusive interference
suarch.  Encoding the subject matter of cach pend-
ing applicarion and scarching a file =0 derived with
the subject matter of anallowable application as the
question could be accomplished by a mechanized
system on all fours with the systembere described
faor rnaking patent scarches.

An additional system would be one for locating
legal decisions pertinent to the prosccution and
examination of a particular application. Such a
system could be set up to permit finding such

judicial statements in terms of the legat principles
involved in o particular casc as well as on the
basis of the technological subject matter of the
application or patent involved inthe litigation which
gave risc to the decision.
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