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FOREWORD
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1964 and is continuing, The information contained in this report represents

part of the work accomplished primarily during the calendar year 1969.
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DICEST

This publication describes and illustrates the rules for encoding queries | S
addressed to the initial model of an operational chemical information and dat.

system (CIDS). The teletype command language for submitting these queries to

the system was described in an earlier publication by Sherr (1) and is i .-luded

in this document as Appendix A, The coding rules constitute an update of the

method described by Weinberg (2), which applied to the earlier experimental

system, As a result of extensive experimentation with that system, the capa- ;
hilities of CIDS have been expanded for the model system, thus necessitating i
the current revision. 1In addition to describing the encoding and input of re- T
trieval demands, this document discusses certain features of system operation

and use to assist in the formulation of maximslly efficient queries.

The chemical features which provide the basis for a search of the CIDS
file of compounds are collectively referred to as the CIDS search components,
.
The complete collection of components, along with the code by which each is

represented, is contained in the CIDS No. 6 report entitled Handbook of CIDS
Chemical Search Components (3).

L X

The current document discusses the encoding
of these components into a valid query and includes the procedure for initiat-
ing and modifying file search in regponse to that query,

’»r—
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The CIDS No. 6 report
is thus ecrequisite to the current document for use of the real-time model
operatiorial system.

R S

A query coding form has been devised on which the user's question, the

3
pertinent search components, and the fully encoded query are recorded. To 3

simplify reference to the rules during the actual formulation and encoding of

P a query, the topics in this document have been organized to parallel the coding
i
form,

Thus certain sections of this document are of primary interest to the
i chemist selecting the components appropriate to a given gquery, while other
i

sections dealing with the encoding of these components are of major concern to
computer personnei,

The final section of this document contains the coding forms for some

¢
twenty sample questions exactly as tnese forms are completed for the operational
system,

ey e

J—

Accompanying each example is an explanation of the strategy emplcyed

in the search, Besides providing complete illustrations of query encoding,

these examples are designed to suggest to the user a number of techniques for
maximizing search efficiency,

1
3
%
%
%

S R - e e e B ST A L SR —\WW~ *
. i S T R i s [P .

T ———-

s e TTY S—y—




TABLE OF CONTENTS

f i 1. Introduction .c.eevivieuvenenenennnnnrrones teeaas feeereeereareeaa
: L
P %?J 2, Query Formulation and the Retrieval Process ......... ereriaatinsaas
E§
= 3. Query Coding FOYm seretesssasnuaasansncensoranns ceeans e crererrrran
=
%; 3.1 Part I; User's Statement of the Question ..... Cebtestcetacann .
= 3.2 Part III: Specification of the Keys «v..vuv.n.. Ceeaes reaeean
3.2.1 Molecular Formula Keys --«.-. Cerieraeens rererereraees
3.2,2  Acyclic-Cyclic Keys ««:vvc.-. eserrereseiasiaaneienras
3,2,3 Extracyclic Keys ..cieiietocnnnennascnsnanensa cerreeras
3.2,4 HNumber of Cyclic Nucleli Keys -«-....... cvereresns .

3.3

3.4

3.2.5 Cyclic Nuclei - Nonhydrogen Attachment Keys ...c......
3.2.6 Generic Cyclic Nuclei Xeys
3.2.7 Specific Cyelic Nuclei Keys ..

3.2.8 Specific Functional Group Keys
3.2,9 Nonspecific Diatomic Keys

2.2,10 Nonspecific Monatomic Keys
3.2.11 Hydrocarbon Radical Keys - Specifid and Generic .+:...
3.2,12 Tnorganic Compound Key .......

3.2.13 General Metal Key .-«

3.2.14 General Metal Cation Key

L)

a0 s s evr T Ve te s

Frees e e RE s e e et e .
------ ress 40 et seceer
seasecae . T e v s sastenars

TesEsEtssssascssases e rEs e

L N N N N N Y R ENE] e ae

3.2.15 General Inorganic Anion Key ..e.ceeevnvaseinasasaaansn

3.2.16 Abnormal Mass Key «+--+.-.

LR N R O R R R A S A A A S A A I )

3.2,17 Nonstructural Information and Data Keys +ceevcerace...
3.2,18 Registry Number Keys seuevruococnsnrrcnnrconscsasannn. ..

Part IV: Molecular Formula Statement -

5.3.1 Use of the Molecular Formula Statement ...ecacesvorese

Part V: Atom-by~Atom Search -«¢----+....

3.4.1 TUse of the Atom-by-Atom Search ......... tesesiaan e
3.4.2 Struccuring the Fragment ......c.cosvivessaoancccnasens
3.4.3 Structure Name and Number of Occurrences ....... veeaes

R

B T i

12
16
17

20
21
22
23
23
25
25
26
27
27
29
29
30
30
31
31
34

35
37
39

40
41
46




S

TABLE OF CONTENTS cuntinued !
t 3.4.4 Structurespecification ...ieveriiiicieaiiaas N . 47 .
E : 3.4.4.1 Writing Atomstrings ......... N 48
g'é 3.4.4.2 Writing Abnormal’tystrings ......... veveanan 50
P
Pl 3.5 Part II: Encoded QUETY ..viiienviotnenenrrnrorncoecncoennnes 55
"S-
P 3.5.1 Query Name .........., Ceteseetusieeenttibeaaiasasas .37
Pl 3.5,2 Query Body teceecnencnns A 1
3.5.2.1 Keydefinltions ...ovivinvunnrnrononnennas 58
3.5.2,2 KEYS Logic31.8tatement Chesassiriaasatnraena 39
3.5.2.3 FORMULA Statement .......eeeeeeveeen.. vereas 6L
: 3.5.2.4 DEPINE STRUCTURE Statement ................. 63
; 3.5.2.5 STRUCTURE Logical Statement ................ 6k
3.5.3 END Statement :c-c.cosveseca.. e sectucnisatasnnnanas . 65
; s
:
: 4. Examples: Questions with Encoded Queries ........eveeeeesee.. . 66
Literature Cited ««-veeenorerereerntnoneiosrssiassnasssennassossnnees 163 a
APPENDIXES
A The CIDS Multiterminal Command Language for Teletypes ...... 165
B Conventions Followed in Prototypes ....veeveecverseerecencess 185
Distribution List ...vivivnicencererennnnares e v e eestercecstnaseeen 187
Document Control Data - R&D, DD Form 1473, With abstract and
Reyword LIBE «ovovvevueunuunnannanenctasesesoannorernnencnnoroncaennanss 101
LIST OF TABLES
I Atom Symbols Used in Atom-by-Atom Search ........ feteatananas . 42
Il Boﬁd Symbols Used in Atom-hy-Atom Search «....vevcsvvv. crerene e 43 ‘
’
6
- e N —

P

-

T B L8 Lo S St 4R % e K




QUERY FORMULATION AND ENCODING

1. INTRODUCTION

The initial model of an operational Chemical Information and Data
System (CIDS) selectively retrieves compounds from the CIDS file on the
basis of the presence or absence of specified chemical characteristics,

The features which can be specified.encompass both structure and molecular
formula and have been dencribed, categorized, and illustrated in an earlier
CIDS publication (3). The primary purpose of the current document is to

prescribe for the encoding of these specifications intc the formal query

3 ugsed as input to CIDS.

AR YO R RO PR R g IR Y AR R

In order to utilize CIDS most efficiently only the minimum set of

J

features which distinguish the desired family of compounds should be

stipulated. Determination of this "minimm set" requires, in addition

to sound chemical judgment, some basic understanding of the search system.

Section 2 of this document therefore contains a summary of the CIDS re-
trieval process, with emphasis on the primary search tcol, the keys. In
Section 3 the details for encoding queries on the standard coding form

are provided along with discussions of the use of the various search
components. The last section (Sec. 4) consists entirely of fully explained

examples, and provides the reader with illustrations cf the principles

discussed in Sections 2 and 3.
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2, QUERY FORMULATION AND THE RETRIEVAL PROCESS*

Query?t formulation refers to the selection of a suitable combination of
CIDS search components to retrieve the family of compounds demanded in a
question addressed to the system. To be maximally efficient, a query rust em-
ploy that combination of components which most effectively identifies true
responses in the shortest amount of time, Sometimes it proves most efficient
to use a less restrictive query allowing the output to include 2 small number
of false rztrievals, racher than expend a substantial amount of computer time
to eliminate these few invalid responses. In other cases, a single question
can be most economically answered by using two queries each of which retrieves
a portion of the desired family,

Three types of search components are employed in CIDS: the keys, the
molecular formula statement, and the atom-by-atom search, Each key is asso-
ciated with a list of the locations in the CIDS file of every compound# that
contains the chemical feature tagged by that key. If a key is assigned to a
compound more than once, the file location of that compound appears that number
of times in the keylist. By combining appropriate keylists with multipliers
(1,2,3,...) and the connectors AND, OR and NOT, a list of the locations of
compounds possessing required characteristics (the so-called accession list)
is obtained, The operation of these multipliers and connectors on two keylists
A and B is explained below,

* For a more detailed description of the search system, see the publication
by Powers (4).

+ In CIDS terminology, the question is the user's description of the features
that characterize the required family of compounds, whereas the query refers to

the formal statement of the combination of CIDS search components that functions
in the retrieval,

# Note that the keylist contains the locations of total compounds; it does not
reference individually the structures that constitute the total compound. This
means that if a feature occurs more than once in a compound, all occurrences are
not necessarily part of the same structure, (Example: Demanding two secondary
alcohol groups retrieves both

(o
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1] ]
0 0

: | Y

. | €~C-C-0

T

Ph-C-C-C-N
]
0

—-

ey Tn e T A SR A ki s« e T il e e - - . e e i s -

B P U S e ORI FPRIC S

N i g et ¢

IR




e

:';\-;:‘sw!‘:}é!‘}:'ﬂ'_ L

PR T T

L)
i

et fs v B T

oo R USRI

B aliehi

R,

A AND B retrieves all compounds common to lists A and B, i.e.,

all compounds containing both feature A and feature B.

A OR B retrieves all compounds appearing in either list, i.e.,

all compounds that contain either feature 8 or feature

B or both,

A AND NOT B retrieves all compounds contained in list A except those

that also appear in list B, i.e., all compounds that

contain feature A but do not contain feature B,

3A retrieves all compounds that appear in list A at least

three times, i.e., all compounds that contain feature A
three or more times.

As illustrated above, demanding "nA" retrieves compounds assigned key A
n or more times, If the number of assignments of A to each retrieved compound
is required to fall in some specified range, say 3 to 5, it is necessary to
demand ""3A AND NOT 6A," which in effect identifies compounds having three or
more assignments of A and then eliminates trhose having six or more assignments.

This same strategy is used to retrieve compounds assigned key A exactly n times
by demanding "nA AND NOT n+lA."

The retrieval demands are frequently more complex than two keys connected
by a single conjunction, For example, the user may be interested in compounds

having two or more assignments of either of two keys A or B. In either case,

he also requires that C occur, but not D. These demands can be stated,

(2A OR 2B) AND C AND NOT D

which is evaluated internally as follows:

To eliminate parentheses, the above is expanded to the form

2A AND C AND NOT D
OR
2B AND C AND NOT D

consisting of two expressions '""ORed" together, each of which is referred to as
a minterm. Each minterm is evaluated separately and then the results of all
the minterms are combined. Since negating a keylist eliminates those compound

locations from the responses to the non-negated keys, at least one non-negated




. key must appear in each minterm, The following expressions are invalid for the

reasons cited.

i { NOT A AND NOT B (minterm contains only negated keys)

A OR NOT B (first minterm correct, but second contains only
negated keys)

ROT (A OR B) (both minterms contain only negated keys)

The overall efficiency of a search is affected not only by the number
. and list length of the individual keys employed, but alsoc by the order in

PN FURE PR ST RN RORpo T T PR

which they appear in the input.,* Consider a query to retrieve all compounds

which have been assigned each of three keys: key A of short list length and

keys B and C of longer list length, The retrieval system first forms an inter-

mediate list of the compounds common to two of the keys and then intersects

; this list with the third key list. If the longer list keys B and C are inter-

! sected first, considerable computer time is required and the resulting inter-

mediate list may also be lengthy. However, first Iintersecting the short key a

list of A with the shorter of B or C not only requires less time, but also

O o

guarantees a short intermediate list (since the iatermediate list can be no

3 longer than the shorter of the lists intersected for form it). Since the

li : order of intersection and negation of the key lists depends in partt on the
order in which the keys in the query are input, the key having the shortest
list length - i.,e,, the key that tags the least common chemical feature -

Aoty kTR 32 R b g e

should appear first in the input, with the remaining keys in expected order
of increasing list length.

Satisfaction of the keys is always the first step in query processing. z
The compounds located in the file in response to the keys may be printed out

directly, or else additional restrictions can be imposed by the Molecular

Formula Statement and/or the Atom-by-Atom Search., The formula statement is

PEPRIESITRR PSRN

% ... the order in which (the keys are)...input" is the order in which
their keydefinitions appear (described in Section 3.5.2.1). It does pot
refer to their order of appearance in the KEYS logical statement (de5cr1bed
in Section 3.5.2.2).

+ Negation of keylists in a minterm necessarily occurs after all intersections,
even if the negated keys are input first. '

10
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a2 very rapid technique for limiting the counts and types of elements that
appear in the Hill and/or addend molecular formulas of all retrieved compounds.,
It enables the user to define a range of possible formulas, a Specification

which can not be economically stated through the molecular formula keys.

v s
(.‘i 3

The A/A search allows the user to search for structural features which
are not specifically tagged by the structurat fragment keys.‘ More than one
such fragment can be specified, using multipliers and- thj“connectors AND, OR

and NOT to form minterms essentially* as described above As the name atom-

by-atom search implies, each atom of a potential respons ust be examined

individually to determine if it does in fact correspond an atom in the

fragment demanded in the query. Such searches are there e,quite 1engthy

and it is frequently more efficlent to effect the finalidiscrimination simply
by visual examination of the compounds retrieved by . thelkeys -and formula

statement alone,

In the working system, a chemist familiar with the‘search components
lists the keys to be employed in the search, and specifi*s the restrictions
to be imposed by the Mclecular Formula Statement and the structure(s) to be

satisfied by A/A search. These demands are then encoded,v nd the typing of
input can proceed. The form on which the initial question and all pertinent
specifications and coding are recorded is 11lustrated and described in the
following section, Systematic completion of this -form according to the rules
contained in subsequent sections of this document results in the fully encoded

query ready for input,

* While every keys minterm must include a non-negated key, it is permitted
to negate all of the fragments referenced in a structure minterm.

11
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3. QUERY CODING FORM

The form on which queries addressed to CIDS are encoded is illustrated
on pages 13 to 15.* In addition to consolidating the chemical and computer
data relative to a given query, this single coding form has been designed so
that a teletype operator canm input directly from these sheets. The form is
divided into five parts as follows:

I User's Question

II Encoded Query

II1 Molecular Formula and Btructural Fragment Keys
IV  Molecular Formula Statement

\Y Atom-by-Atom Search

Parts L, III, IV and a portion of V contain the chemical specification
of retrieval demands, while the remaining parts contain the encoding of these
demands for input. In the discussions of each part which follow, the rules
for encoding Part II are delayed until last so that the various parts are

explained in the sequence in which they are completed in actual use,

*
In actual practice, the form will be presented on a single sheet and

will provide space for recording search statistics.

12
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I1.

CIDS Query Codiag Form

Query ugne:

QUEC #i:3N:

Structural Representation

HMolecular Formula Specifications

ENCODED QUERY:

Query name:
Keydefinitions: (Section 1II.)
KEYS =~

FORMULA

DEFINE STRUCTURE (Section V.)
STRUCTURE =

END

13
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III.

Iv.

KEYS

User's Checklist of
Key Types

Key desig-
nation

CIDS code

Required
agsignmt.

Mol. Formula (MF)

Acyclic-Cyeclic (A-C)

Extracyclic (EC)

Number of Cyclic Nuclei
(NCN)

Cyclic Nuclei: non-H
Attmts. (DACN)

Generic Cycliec Nuclei
(GCN)

Specific Cyclic Nuclei
(sCN)

Specific Functional
Group (FG)

Nonspec. Diatomics (ND)

Nonspec. Monatomics (NM)

Hydrocarb, Radicals (HR)

Inorganic (IN)

Metal Cation (CN)

Inorganic Anion (AN)

Abnormal Mass (MASS)

General Metal (MF M)

Nonstructural (DATA)

Registry Number (RN)

MOLECULAR FORMULA STATEMENT

Formula RESTRICTEDC Element Exact
type’ symbol count

Lower
bound

Upper
bound

CONSTRATNTS

. H
]
= 3
a I
!
B
§
|
B
i
3 |
i
PO
p
'y E




ATOM-BY-ATOM SEARCH

Structure(s):

Structure Structurespecification No. of
name COccurrences
15
Fbet 24 R 150 e - - R




‘ §
e 3.1 Part I: User's Statement oi tiw Ju. .t' !

In Part I (illustrated below) a uscr desiring to gquery CIDS states his

question using whatever covveontional chemical terminology and/or symbolism

oy e

he prefers. No detailed knowledge of the CIDS search components is required
to complete this section. ALl that is necessary is a precise definition of
the chemical characteristics that all true responses must possess. No encod-
ing is done in this part, which serves only to supply a convenient reference
to the original question when filling out the remaining sections of the coding
form, and to consolidate for future reference the chemical and computer data

pertinent to a given query.

R S0 RS B P Kl Sl g B < S

Tllustration: Query Coding Form, Part I

e

-
.
AN

T Structural Representation MolecuTar Formula SpeclFications

4
H
%,
Kl
i
.
z
3
%.
E

: CIDS recognizes that many questions can be expressed more clearly in

4o terms of 4 complete or partial structure and/or a complete or partial mole~
v

cular formula common to all true responses. Therefore the query coding form

1 provides sections for stipulating structural and/sr molecular formula speci-
‘ .
: fications to supplement - or even replace - the verbal statement of the

question. Structures need not be drawn in any particular format as long as '

the representation employed is complete and unambiguous, The inclusion of

a structural representation and/or a molecular formula specification when-

ever possible is encouraged because, by circumventing language problems, i

they constitute the most concise and precise way of stating a question.

It is emphasized that query formulation is not necessarily the direct
encoding of the specifications stated in Part I.

R 0 M i

These specifications simply
provide a complete and accurate description of the desired family of compounds.

The resulting query or queries will specify only the minimum set of chemical
features necessary to retrieve that family, regardless of whether or not these -

features were explicitly mentioned in the original statement of the question.

16
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3.2 Part I1I: Specification of the Keys

On the basis of the information provided by the user in Part I, the query

e

*

or queries that most efficiently retrieve all true answers are formulated
ueing the keys and, as required, the formula statement and/or an atom-by-atom
search, 1In Part III of the coding form for each query, the keys required to

3 tag each response are gpecified. The final encoding of these keys for input

is completed in Part II of the coding form as described in Section 3.5; For the
user's convenlence, Part III contains a ﬁpecklist of the various types of mnlec-

ular formula and structural fragment keys.,

Illustration: Query Coding Form, Part III

ITI.} KEYS

User's Checklis': of Key desig- CIDS code Required
Key Types nation assignmt,

Mol. Formula (MF)

Acycliz~Cyclic (A-C)

Extracyclic (EC)

Number of Cyclic Nuclei
(NCN)

Cyclic Nuclei: non-H
Attmts. (DACN)

Generic Cyclic Nuclel
(GCN)

Specific Cyclic Nuclei
{SCN)

Specific Functional
Group (FG)

Nonspec, Diatomics (ND)

Nonspec. Monatomics (NM)

Hydrocarb. Radicals (HR)

Inorganic (IN)

Metal Cation (CN)

Inorganic Anion (AN)

Abnormal Mass (MASS)

General Metal (MF M)

Nonstructural (DATA)

Registry Number (RN)

* To simplify reference to a particular query, the user may assign each query
a name, which is recorded on the coding form at the top of p. 1. This name
will be used in the final encoding of the query and must therefore satisfy
the format requirements stated in Sec. 3.5.1.

17
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Part III subdivides into three columns. In the first column, a keydesig-

SO ok HHH

ration is assigned to ecach key used in the query. A keydesignation is a name
; invented by the querist that is used to represent a particular key internally
in processing a query and externally in error messages. Each keydesignation
must begin with a letter and must contain five or fewer letters or digits;
special characters (periods, commas, spaces, etc.) are not permitted. The
words KEYS and END are also invalid keydesignations, as these have special
! uses in the query language (see Sec., 3.5.2.2 and Sec, 3.5.3)., Otherwise,
% choice of keydesignations is completely arbitrary, and names significant
‘ to the individual user can be readily devised. If the same keydesignation
i is assigned to two keys in the same query, the first assignment is used,
% Examples of valid keydesignations are:

IDs
NOHYD

KEY3
SATD

? : The following keydesignations are invalid:

j TWIGGY (too many characters) 7 -
i K.1 (nonalphabetic or non-numeric character)
1CIDS (begins with a number)
K1l (imbedded space)

As already discussed (Sec. 2.), search efficiency can be increased by
having the keys with the shorter keylists appear first in the input. If key-
degignations with some obvious sequence (e.g., K1, K2, K3...) are assigned

to the keys in expected order of increasing list length, the optimm ordering
of the keys in the input will be immediately evident to the final encoder,
even if he has no chemical background.

SRR A )

In the second column the CIDS codes for the keys to be used in the query
are listed, one on each line adjacent to the appropriate key designation. In
column three, the combination of these kéys required to have been assigned to
all retrieved compounds is indicated using muitipliers and the connectors AND,
OR and NOT. (For examples, see Section 4.)

The sections which follow describe the CIDS codes, the assignment, and
the uses of each type of molecular formula and structural fragment key. The
codes are only briefly summarized; for details of key codes and assignment,
see CIDS No. 6 (3).

18
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3.2,1 Molecular Formula Keys (CIDS No, 6, pp. 10-11)

. CIDS Code
MF el (Qualitative molecular formula keys)
MF el n (Quantitative molecular formula keys)
Assignment

The molecular formula (MF) keys are aésigned.on the basis of the Hill

formula. Since each compound has only one such formula, each MF key may be

assigned only once to each compound. Demanding that a particular MF key NOT

occur eliminates all compounds to which that key has been agsigned.

e R T

Discussion

The Hill molecular formula represents the total atom content of & compound
exclusive of water of hydration.

Therefore, compounds which differ in the
number and types of addends united to the same parent structure are assigned
different sets of molecular formula keys.

Frequéntly molecular formula requirements can be specified with either an

MF statement (Sec. 3.3) or an MF key. In processing a query, the compounds

whose locations are obtained from intersecting the keylists must be accesssd

from the file before the molecular formula statement can be applied. If the

key in question is expected to significantly reduce the mumber of comipounds which

must be located, use of the key is preferable. Suppose however that a key with

a very long keylist (say, MF N 2) is in question, and that the remaining keys in
the query severely restrict possible responses.

In such a case, the small ad-
ditional number of potential retrievals that

are eliminated bg the lengthy MF
key does not justify the computer time necessary to test for thie key, and simply

imposing the MF statement with appropriate restrictions is more efficient,

CIDS does not employ MF keys for the qualitative presence of N or 0, since

such lengthy keys would be highly inefficient. Requiring that the MF N 0 or the

MF @ 0 keys NROT be assigned, however, eliminates compounds not containing N or
0, thus requiring N or O qualitatively in all responses to the other keys in the
query.

If a query employs a structural fragment key containing a particular hetero-

element, then including the qualitative MF key for that element adds no information,
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and simply wastes computer time. Suppose, however, that a heleroelement does
not occur in any of the structure fragment keys in the query but is contained
in a structure to be A/A searched. Since A/A search is a lengthy process, at
least the qualitative presence of that element should first he tested for by an
MF key or an MF statement {n order to fail as many invalid cempounds

as possible before the A/A search is conducted,

3.2,2 Acyclic-Cyclic Keys (CIDS No. 6, p. 13)

CIDS Code
A-C=n Where n is the number of rings actually drawn in structur-
ing the total compound. The symbol Ph counts as one ring.
Rings within a bracketed, subscripted structure are counted
only once,
Assignment

Since n is the number of rings drawn in structuring the total compound, each
compound is assigned only one A-C=n key.
Requiring that a particular A-C=n key NOT be assigned to responses eliminates

all compounds structured with exactly n rings; compounds structured with more or

fewver rings are not eliminated.
Discussion

The value of n in each A-C=n key is the total number of rings drawn in
structuring the compound, regardless of the number of rings in each of the
\
individual structures that together comprise the total compound. Thus,

a~naphthylamine N and its hydrochloride, ?

el .

are both structured with two rings are assigned the key A-C=2. However,
N

yC-0

0| (U
I

0

— 2

a-naphthylamine phthalate (2:1) [‘ -

is structured with three rings and is assigned A-C=3. To specify the cyclic

character of an individual structure rather than that of a total compound, it

20
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is necessary to use the NCN= n keys which tag the number of cyclic nuclei
(not necessarily equal to the number of rings) in each structure oi every

compound (see Sec. 3.2.4).

As the name implies, the acyclic-cyclic keys are used primarily to dis-
tinguish cyclic from totally acyclic compounds. The A-C=0 key retrieves com-
pounds having absolutely no rings (total acyclies).’ Requiring that the A-C=0

key NOT be assigned eliminates all total acyclics from consideration,

3.2.3 Extracyclic Keys (CIDS No. 6, p. 13)

CIDS Codes

ECl=n7\ carbon-carbon double bonds (C=C)
EC2=n where n is the exact carbon-carbon triple bonds E?sc)
EC3=n rumber (0,1,2...) of extracyclic 'Y! carbon configurai'onsc_g or C‘é
C
EC=n 'X' carbon configurations c_g_c
C
Assigmment

Generally, every structure in a compound is assigned one of each of the
four types of extracyclic keys, (Thus, for example, a compound containing
two structures is assigned two ECl=n keys with the appropriate values of n
for each structure.) The same EC key can be assigned to more than one structure
in each compound, except that the keys EC1=0, EC2=0, EC3=0, and EC4=0 are

assigned no more than. once to each compound.

Requiring that a particular EC key (e.g., EC2=3) must NOT be assigned to
retrievals eliminates all compounds containing a structure to which that key
is assigned.

Discussion [
The extracyclic keys reflect the degree of unsaturation and branching in
a compound. The value of n is exact in all cases. Thus compounds having two

or three extracyclic C=C bonds are neot retrieved by the ECl=l key.

If a structure is assigned both ECl=0 and EC2=0, its acyclic portions are
saturated. Similarly, structures which are assigned both EC3=0 and EC4=0 are

unbranched,
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41l of the EC keye having low values of n are expected to have very long
keylists. Use of these keys can often be avoided by

(1) using wherever poseible a specific hydrocarbon radical key (e.g., the
isobutyl key HR21E ( C-g-C-EP~ ) instead of an EC3 key)or a specific functional

group key (e.g., the allene key ¥G134 ( ~C=C=C~ ) inatead of an EC1 key) when
a particular fragment is required, and
(2) dmployingan MF statement with the CONSTRAINTS option to necessitate

a required degree of unsaturation.

3.2.4 Number of Cyclic Nuclei Keys (CIDS No. 6, p. 16)

CIDS Code

NCN=n where n is the exact number of cyclic nuclei in a structure
Assignment

Each structure in a compound 1s assigned one NCN=n key with the proper
value of n. The key NCN=0 is assigned no more than once to each compound; the
NCN keys with values of n greater than zero are assigned as many times as

required,

Requiring that an NCN=n key NOT occur eliminates all compounds containing

one or more structures having exactly n nuclei.
Discussion

The value of n in each NCN= n key is the total number of cyclic nuclei
{not rings) in a single structure. Therefore, the key NCN= 0 retrieves not
only totally acyclic compounds, but also all compounds in which an acyclic

structure is dot-comnected to a cyclic structure,

Since the NCN= n keys tag the cyclic character of each structure, these
keys are extremely useful in retrieving a particular structure of known ring

content regardless of any additional cyclic or acyclic addends that may be

present. For example, the benzoate anion B 9
—— 0'
is retrieved by the key NCN= 1 regardless of whether its associated cation is
acyclic, such as tetramethylammonium c ] or cyclic, such as
c— Nt—c¢
¢
N-methylpyridinium ?+ .
Ne, 22
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3.2.5 Cyclic Nuclei = Nonhydrogen Attachments Key (GIDS No, 6, p. 17)

CIDS Code
DACN=n where n is the total number of nonhydrogen attachments to
all cyclic nuclei in a2 single gtructure.
Assignment

One DACW=n key with the appropriate value of n is assigned to each structure

which contains at least one cyclic nucleus. Compounds containing more than one
structure can be assigned a particular DACN=n key more than once if required,

except that the key DACN=0 is never assigned more than once to each compound.

Requiring that DACN=n NOT occur eliminates from retrieval all compounds

containing one or more structutres to which that key has been assigned,

Discussion

The value of n in each DACN= n key is the total number of nonhydrogen
attachments to all nuclei in a single structure. Attachment may be either to
an acyclic atom or to an atom in another nucleus, The multiplicity of the

connecting bond is immaterial: a single, double or triple bond each counts as
one attachment,

Since the DACN keys are assigned only to structures containing at least
one cyclic nucleus, the key DACN= 0 retrieves structures which ccnsist of un-
substituted cyclic systems in their various states of hydrogenation. For values
of n greater than zero, each structure that responds to a key DACN= n contains
a maximum of n cyclic nuclei. Depending on the other requirements specified in
a query, the total number of cyclic nueclei in a structure may be implied by the
DACN key, thus eliminating the need for an NCN key.

3.2,6 Generic Cyclic Nuclei Keys (CIDS No. 6, pp. 18-21)

CIDS Code Key name
GCNi=n Ring Count
GCN2=n, m, ... Redundant Numerical Ring Population
GCN3=e1l n, el2 n, el3 Ny oees Elementary Ring Population
GCN4=e11 n, e12 Loy el3 ny ..o Skeleton Molecular Formula
GCN5=n Double Bonds in Nucleus
GCNb6=n, m, ... Heteroelement Distribution
23
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Assignment

GCN1 Each nucleus which appears in the CIDS structure of a compound is
assigned one GCN=n key where n is the smallest number of smallest rings that
account for the entire nucleus.

GCNZ2 Each nucleus is assigned one GCN2 key having the form GCN2=n for
one ring nuclei; GCN2=n,m for two ring nuclei; etec., where n,m, ... give the
number of atoms in each of the GCNI1 rings.

GCN3 Each ring in a nucleus is assigned a GCN3 key based on the Hill-
ordered formula for all of the atoms in the ring., These keys are assigned to
(a) any ring that is a member of any smallegt set of smallest rings and (h)
any ring having 8 or fewer atoms.

GCN4 Each nucleus is assigned a GCN4 key based on the Hill-ordered for-
mula of the complete skeletal framework of the nucleus.

GCN5 Each nucleus in a compound is assigned one GCN5=n key where n is
the total mmmber of double bonds in the nucleus,

GCN6 Each one-ring nucleus containing two or more heteroatoms and not
more than fifteen atoms in all is assigned one GCN6 key having the form
GCN=n,m, ... where n,m,... identify the relative positions of heteroatoms

around the ring,

Requiring that a particular GCN key is NOT assigned to retrievals elimi-

nates all compounds containing a nucleus to which that key is assigned,

Discussion

The generic cyclic nuclei (GCN) keys tag six types of characteristics
of ring systems. These keys enable the user to define a required family of
cyclic nuclei by demanding tﬁe set of GCN keys that tag the characteric
structural features of that family, As the set of keys becomes more restric-
tive, the family of nuclel that responds becomes smaller, perhaps having as
few as one or two members. For maximum search efficiency, only the minimum
set of GCN keys that defines the required family of nuclei is stipulated,
Thus a search for all Cy3N nuclei having three six-membered rings would
demand the skeleton molecular formula key GCN4= C 13 N 1 and the numerical
ring population key GCN2= 6,6,6;the ring count key GCN1= 3 which tags all
three ring nuclei is not demanded since all nuclei that respond to GCN2= 6,6,6

contain exactly three rings. '

GCN keys are assigned to every nucleus, regardless of whether or not the
nucleus is also tagged with one of the specific cyclic nuclei (SCN) keys

described in the following section.
24
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3.2.7 Specific Cyclic Nuclei Keys (GCIDS No. 6, pp. 22-45)

CIDS Code
SCNn where n is the one to three digit number for the particular
nucleus,
Asgignment

Each SCN key is assigned as often as the corresponding nucleus appears in the
CIDS structure of the total compound. The SCN key for the benzene nucleus (SCN48)

is assigned both to the fully structured nucleus and to the abbreviated represen-
tation Ph,

Specifying that a particular SCN key must NOT be assigned to retrievals

eliminates every compound that contains that nucleus in any of its component
structures,

Discussion

The specific cyclic nuclei keys enable the specification of each of approx-
imately 150 commonly occurring nuclei using only a single key per nucleus. Each

of these nuclei is also assigned all appropriate GCN keys in addition to its own
specific key.

In general, a family of cyelic nuclei is gpecified by demanding the minimum
set of gemeric cyclic nuclei (GCN) keys which define that family. However, if
every member of the required family is tagged with an SCN key, then the entire

family is most éfficiently specified by simply demanding. the SCN key for each
member.

3.2,8 Specific Functional Group Keys (CIDS No. 6, pp. 46-118)

CIDS Code
FGn where n is a one to three digit number and the fragment
is not attached to a ring.
FGnR where n is a one to three digit number and the fragment
has one or more aitachments to ring(s).
Assignment

The specific functional group keys are assigned as often as the corresponding

25
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fragment appears in the CIDS structured compound. If the fragments corresmind-
ing to two keys overlap, both keys are assigned. If the fragments for two keys
completely coincide, only the more specific key is assigned. If one key is
completely contained in a larger key, only the larger key is assigned unless
the larger key is FG23, FGl2l or FG122 (or the corresponding FGpR keys), in

which case both the smaller and larger keys are assigned.

Requiring a functional group key NOT to be assigned to responses eliminates
‘from retrieval all compounds containing the tagged fragment.

Discussion .
To retrieve all compounds containing a particular functional group regard-

leas of whether or not that group is attached to a ring, 4 query must demand
both compounds assigned the acyclic-attached key FGn for that fragment and

compounds assigned the ring attached key FGnR., Similarly, to eliminate all
compounds containing a particular group, both the FGn and the FGnR keye for

- that fragment must be negated.

Requiring a key to be assigned n times to eacﬂ'résponée retrieves all

compounds assigned that key n or more times. To retrieve only compounds assigned

that key exactly n times, the "n AND NOT n+l" strategy (Sec: 2} must be used.
Sometimes, however, restrictions imposed on the molecular formmla with either
MF keys or the MF statement automatically prohibit multiple occurrences of a
particular fumctional group. For example, a query to retrieve all acyclic
compounds in which the only functional group is a single --NO2 might employ the
specific functional group key for nitro, FG154, and the quantitative molecular
formula key MF N 2., Since all compounds having more than one -NO2 group are
failed by the MF N 2 key, the "n AND NOT n+l" strategy need aot be used in

connection with the nitro key.

3.2.9 Nonspecific Diatomic Functional Group Keys (CIDS No. 6, pp. 119-123)

CIDS Code
NDn where n is a one or two digit number and the fragment is not
attached to a ring.
NDnR where n is a one or two digit number and the fragment has at

least one attachment to a ring,
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Assipnmeat

A key in this categoty is assigned only in the absence of an appropriate
specific functional group key. Overlap of these keys with each other and with
specific functional group keys is frequently encountered. Rules for assign-

ment of specific functional group keys (Sec. 3.2.8) apply here as well.

Discussion

This category of CIDS keys serves well to reduce the population of specific
functional group keys which would otherwise be required in the system. Comments

on the specific functional group keys (Sec. 3.2.8) apply here also.

3.2.10 Nonspecific Monatomic Functional Group Keys (CIDS No. 6, pp. 124-125)

CIDS Code
NMn where n is a one or two digit number and the fragment is not
attached to a ring.
NMnR where n is a one or two digit number and the fragment is attached
to a ring.
Assignment

A key in this category is assigned only in the absence of a more specific
functional group key, i.e. either an FG key or an ND key. Rules for assignment

of specific functional group keys (Sec. 3.2.8) apply here as well,

Discussion

This least specific category of functional group keys provides assurance
that each compound containing a functional group has at least one functional
group key assigned to it. Comments on the specific functional group keys
(Sec. 3.2.8) apply here as well,

3.2.11 Hydrocarbon Radical Keys (CIDS No. 6, pp. 126-145)

CIDS Gode

The codes for these keys consist of the letters HR followed by two to five
letters and digits,
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Assignment %
Each hydrocarbon radical (HR) key 1is assigned as often as the corresponding ;
fragment appears in the CIDS-structured total compound, 3
Requiring that a particular HR key NOT be assigned eliminates every
:
compound that contains the radical tagged by that key, 3
Discussion %
Unlike the functional group keys, if a structural fragment in a compound ;
corresponds to two or more hydrocarbon radical keys, all appropriate keys are :
assigned. Thus, the generic hydrocarbon radical key HR29E (CS-E1~D is assigned
to every five-carbon alkyl radical attached to a heteroatom, including the n--
pentyl radical which is also tagged with the more specific key HR25E (C-(C)4-E1~J. .
" Similarly, the methyl radical in N-methylpiperidine C is assigned both
of the equally specific keys HR1E (C-El~) and HR1R (C-R) because the nitrogen
to which this group is attached is both a hetercatom and a ring atom, 3

Often a family of radicals can be retrieved quite efficiently by imposing
proper molecular formula restrictioms, thereby eliminating the need for a

sizable number of HR keys. For example, a query to retrieve all unsubstituted

cl-CG alkanols would require a total of ten hydrocarbon radical keys. This
family of alkanols can be retrieved much more efficiently simply by including

an MF statement which limits the carbon count to the range 1 to 6, and requires :

the relationship H = 2¥C + 2 between the hydrogen count H and the carbon count %
C to necessitate complete saturation,
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3.2.12 Inorganic Compound Key (CIDS N». =, o _145)

CIDS Code

IN

Assignment

The IN key tags every inorganic compound, i.e., all non-carbon compounds
plus metal carbonates, bicarbtonates, cyanides , isocyanides, carbides and

carbonyls,

Requiring the IN key NOT tc¢ be assigned to responses eliminates all

inorganics from consideration.

g?
3
i

Discussion

Inorganic compounds are not currently admitted to the CIDS file, although
teckniques for handling this type of compound have been devised. When the

programming to implement these techniques is completed and inorganic com-

A T R
[ 4

pourds are entered into the file, the IN key will enable the querist either

to confine his search to inorganics or to eliminate inorganics from consi~
g ) deration.
Zg % 3.2.13 General Metal Key (CIDS No. 6, p. 145)
. ? CIDS Code
MF M l

Assignment

The general metal key operates as a qualitrative molecular formula key,
described in Section3.2.1. For the CIDS definition of '"metal", see CIDS
No. 6, p. 145.

Discussion

The general metal key is assigned to every compound whose molecular

. formula contains any number of atoms of any metal(s), regardless of the

capacity in which the metal atom is functioning. If the user is interested
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specifically in metal atoms functioning as bare metal cations, the general

metal cation key discussed below is used,

3.2,14 General Metal Cation Key (CIDS No, 6, p. 145)

CIDS Code

CN

Asgignment

The CN key is assigned qualitatively to each compound that contains a bare
metal cation or the ammonium (Nﬂaﬂ cation. It is assigned no more than once to

each compound, even 1? the compound acﬁually contains more than one such cationm,

Specifying that the CN key does NOT occur eliminates from retrieval all

compounds which are structured with a metal or ammonium cation.

Discussion

The CN key distinguishes organic acids from their normal and acid metal
or ammonium salts. Especial attention is called to the fact that organometal

cations, e.g., Hg+ are not assigned this key,

Ammonium salts exclusively can be retrieved by employing the CN key
to obtain potential responses having a metal or ammonium cation and then
eliminating those compounds that contain any metal by negating the general
metal key MF M (Sec. 3.2.13).

3.2.15 General Inorganic Anion Key (CIDS No. 6, p. 145)

CIDS Code

AN

Assignment

The AN key is assigned qualitatively, i.e., it may be assigned only
once to each compound even if the compound contains more than one inorganic

anion.

Specifying that the AN key NOT occur eliminates all compound3 containing
any number of inorganic anions,
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Discussion

The AN key 1s used in retrieving the various "ium" salts (e.g., onium,

inium, ylium compounds) in which the cation of an organic base is associated

with an inorganic anion.

3.2.16 Abnormal Mass (Isotcpe) Key (CIDS No. 6, p. 146)

IDS Code

ey

e S T AT A TR

MASS

Assignment

The MASS key is qualitatively assigned to every compound containing any
number of specified isotopes of any element(s).

T e S T R L S

Specifying that the isotope must NOT be assigned to retrievals eliminates
all compounds that contain any specified nuclide.

Discussion

The isctope key MASS tags every compound that contains any specified

E i nuclide(s), including deuterium (D) and tritium (T). Demanding the MASS key
: therefore retrieves all isotopically tagged compounds, regardless of the
total number of isotopes present or of the element type, mass number or

location of each {n the total molecule.

R BRGNP

To specify either the element type or the element type and mass number

cf a tagged atom and to require the atom to participate in a particular func~

tional group, an A/A search is required. Whenever an A/A search is conducted

for a specified isctope, the MASS key should still be demanded in order to

minimize the number of compounds which must be accessed from the file and
searched.

3.2.17 Nonstructural Information and Data Keys

CIDS Code

DATA cc where ¢c is the two-letter code for one of the nonstructural é
descriptors listed below. e
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Assignment

A compound is assigned the corresponding DATA key for each two-letter

descriptor code that is associated with one or more references in the com-
pound record.

Diszussion

The molecular formula and structural fragment keys described in previous
gsections and the FORMULA statement and atom-by-atom search discussed later
enable effective search of compounds currently admitted to the CIDS file on
the bacis of their structural and/or molecular formula characteristica. Tech-
niques for structure and formula searches of most currently inadmissible types
have also been devised, although these have not yet been implemented. However,
the enormous area of chemical knowledge beyond structure and formula, includ-
ing applications, reactions and the various physical constants, has yet to be
organized for efficient computer search.

The technique for handling nonstructural material that is currently being
explored in CIDS utilizes an open-ended list of nonstructural descriptors,
each of which is represented by a two-letter mnemonic code. In compiling a
compound record for admission to the file, the chemical editor associates with
each reference the set of two-letter descriptor éodes that identifies the types
of nonstructural information discussed in that reference. When the record is
processed by the CIDS file-building programs, the compound is assigned each

DATA key that corresponds to a descriptor code appearing in one or more of
the references,

In its current experimental mode, approximately 60 descriptors are employed.
They have been compiled by Edgewood Arsenal based on experience with the types
of nonstructural information commonly encountered in references, and taking into

consideration expected user needs. The current set of descriptors with their
codes 1s as £allows:

Descriptor Code
Applications AP
Activity Coefficient AC
Analytical Detection AD
Analytical Determination AN
(continued).
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Descriptor Code

¢
+
4
Y

l Industrial Applications BA

: ‘ * Boiling Point BP

{ t Biological Suppressant BS

.. E Crystalline Form CF

S Chromatographic Methods CM

% : Cost co

: Critical Pressure cr

! : Color CR

- : Critical Temperature CT

% : Dyestuff Application DA

: : Dissociation Constants DC

Derivatives v

Entrophy . EN

Electron Spin Resonance Spectrum ES

_ Free Engry FE

Geometric Isomers GI

: Heat Capacity HC

' Heat of Dilution HD

Heat of Formation HF

Heat of Solution HS

- Heat of Sublimation HU

Heat of Vaporization Hv

Hydrates HY

Synthesis Intermediate or Starting Product IA

. Ionization Constants (pKa, pKb) IC

Incapacitating Dose (Dosage) ID

Eye Irritant or Lacrimator IE

: Infrared Spectrum IR

: Kinetics of Hydrolysis KH

: LD5 (Dosage) : 1D

‘ (Meg) Minimwn Effective Dose (Dosage) ME

; Melting Point wp

Mass Spectrum MS

: Nuclear Magnetic Resonance Spectrum NS

Optical Isomers (1) 4

Optical Rotation OR

Polarography PO

Purification PU

3 Respiratory Inhibition RE

Refractive Index RI

Raman Spectrum RS

Stability SB

Solvent of Crystallization sC

E Specific Gravity SG

: Specific Heat SH

£ . Hammett Sigma V- (ue S1

Solubility 50

Specifications 5P

Surface Tension ST

. Suppliers SuU

(continued)
Y
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Descriptors Code

Solvates sV
Syuthesis SY
Triple Point TP
Ulira Violet Spectrum uv
Viscosity VI
Vapor Pressure Ve

3.2.18 Registry Number Keys

CIDS Code
RN 000ddd wheve ddd are the three low order digits of the CIDS master
registry number of the compound.
RN dddXXX where ddd are the three higher-order digits of the CIDS
master registry number of the compound.
Assignment

Each compound registered iu the CIDS file is assigned two registry number
(RN) keys, one tagging the three low-order digits of the master registry number
and the other tagging the next three higher order digits.

Discussion

Each compound registered in the CIDS file is assigned a master registry
number (MRN) consisting of the letter "A" followed by seven digits. Users of
the system have found that it would be useful to be able to access compounds
from the search file on the basis of this registry mmber alone. This capa-
bility might have been accomplished by assigning a unique registry number key
to each compound in the file. However, since the system is limited by core
gize as to the total number of different keys that can be accommndated, this

technique is unacceptable for any sizable file of compounds.

A solution was found to be the assignment of two keys to each compound,
one designating the three low-order digits of the registry number and the
other designating the next three higher order digits. (Thus, the compound
whose registry number is A0104286 is assigned the two keys RN 000286 and
RN 104XXX.) Since the size of the CIDS file has required use of only six
digits in the MRN, each pair of one high with one low-order RN key corresponds

to exactly one compound. Plans have been made to enable specification in a
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query of the complete registry number by means of a single key that will be

expanded into two keys internally.

The high-order digits RN keys serve as a means of separating the file
into blocks of 1000 compounds. This is a useful capability, because the
search system is designed so that only the first 1000 responses to the keys
become candidates for the formula statement and the A/A search, and for
eventual output. A query in which the keys obtain more than 1000 responses
can be broken down into several subqueries, each of which uses the same
original set of keys plus a high-order digits RN key. Each subquery is thereby
restricted to a different block of 1000 compounds, and a manageable number -

of responses to the keys in each case is insured,

3.3 Part IV: Molecular Formula Statement (Optional)

Part IV of the coding form (illustrated below) contains the user's
specification of the restrictions to be imposed by the Molecular Formula (MF)
Starement on all compounds that respond to the keys. The actual encoding of
this data for input will be performed in Fart II as described in Section 3.5.2.3.

I1lustration: Query Coding Form, Part IV

Formula RESTRICTED Element Exact Lower Upper CONSTRAINTS
type symbol count bound bound .

N

//

The molecular formula information contained in the CIDS file can be

summarized as follows:

1, Every compound record contains & Hill molecular formula representing

the total atom content of the compound exclusive of water of hydration.
2. 1f the anhydrous portion of the compound is a type structured in CIDS as
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a combination of two or more distinct smaller compounds*, the total formula is
also expressed as the dot-connected formulas of each of the smaller compounds
preceded by appropriate multipliers. Each of these dot-connected formulas is

referred to as an addend molecular formula.

3. 1If the compound is a hydrate, both the Hill formula and (when present)

the string of addend formulas are dot-connected to nH,0, where n is the total

2
number of water molecules, (n is an integer or a proper or improper fraction,)

The MF statement is used to impose restrictions on the Hill and/or up to
four organic or inorganic addend molecular formulast, and to require that the
molecular formuila contain water. Only one formula statement can be used in
each query¥. A compound can be retrieved only if its molecular formula satisfies
all of rhe conditions set down in the formula statement. The restrictions

imposed on each formula are specified in Part IV of the coding form as follows:

The column headed: Is completed as follows:

Formula type If restrictions are to be imposed on the Hill formula,
the first "Formula type" block is marked HILL, and the
restrictions are stated in the adjacent columns. If
no restrictions are being placed on the Hill formula,
the "Formula type" block is marked ADDEND, and the
restrictions contained in the adjacent columns are
imposed on an addend molecular formula. The second
and all subsequent sets of restrictions are assumed
to apply to addend molecular formulas, so no additional
formula types need be specified.

RESTRICTED If the set of elements listed under Element type (see
below) is the exact set ccntained in the formula, the
RESTRICTED box is marked yes; otherwise, it is left
blank.

Element type Symbols of the elements whose presence is to be tested
for in the formula statement are listed in Hill order;
in ¢ddition to the standard element symbols, including
D (deuterium), T (tritium) and the individual halogens,
the symbol X can be used to represent any halogen atom
(F, Cl, Br, or I).

* The rules for structuring compounds admitted to the CIDS file are contained
in Chemical Editing Conventions I (5).

t Part I¥ provides space for specifying the restrictions on twoa formulas;
space for restrictions on additional formulas may be improvised as required.

%+ If more than one formula statement is input in a single query, the last
one typed in is used.
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Exact count Adjacent to each element symbol is specified in the
Lower bound appropriate column the exact count, or a lower and/or
Upper bound upper bound for each element*, The values 0,1,2, ...

are valid. If these three colums are left blank, only
the qualitative presence of that element is required.

CONSTRAINTS Algebraic relationships between two element counts of
the form

a=1to63, b=0te 31,
el = akel+b el = the standard symbol (or the

symbol X) of the element whose
count is being compared

are listed in the CONSTRAINTS columm. If more than one
pair of elements in a given formula are appropriately re-
lated, muitiple relationships can be specified. When
a=l, thke a and the * can be omitted; when b=0, the term
4b can be omitted.

The presence of water in the molecular formula is specified by demanding

that responses have an addend molecular formula which is RESTRICTED to exactly
two hydrogens and exactly one oxygen.

For examples of specifying molecular formula statements, see Section 3.5.2.3
or Section 4,

3.3.1 Use of the Molecular Formula Statement

The objective in efficient querv formulation is to specify the minimum set
of characteristics necessary to retrieve the desired compounds. Frequently dara
specified in the formula statement saliminstes the need for a number of struc~
tural fragment keys. Suppose, for example, all tertiary amines of the form

CHj-v-R where R is any cl-c7 alkyl are required. A total of eleven spenific

CH3

and generic hydrocarbon radical keys are required to specify all of the alkyl

groups that could occur in such compounds, However, since all members of this

family have the general molecular formula CnH2n+3N’ simply imposing a RESTRICTED
formula statement with the constraints H = 2*C + 3 (along with the tertiary amine key

and two methyl keys) assures that all respondents have only the permitted alkyl
substitutions,

* The count that is specified for the symbol X refers to the total number of

. halogens in the formula. Thus, for example, demanding ''exactly three X" retrieves

compounds containing three atoms of Cl, or two Cl and ome Br, etc.
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On the other hand, the structural fragment keys employed may imply certain
molecular formula characteristics, making explicit specification of these char-

acteristies in the formula statement unnecessary. Consider the following examples.

{1) A querist who wishes to retrieve a family of disulfides is aware that
all true responses contain two or more S atoms. However, all compounds that
respond to the structural fragment key for disulfides (~.5-S~) must coutain a
minimum of two §, thus making it unnecessary to stipulate a lower bound of two

for § in the formula statement,

(2) Acyclic aldehydes from C containing one double bond and no other

3 to C10
functional groups are to be retrieved. Keys are used to require exactly one aldehyde
group, exactly one ~ C=C+~, exactly one 0 and no ¢yclic nuclei. The specificationsg

required of the Hill formuila in the formula statement are
(a) RESTRICTED

Since all true answers can contain o.ly the elements C, H and 0, the

RESTRICTED option is exercised.
(b) CONSTRAINTS H = 2*C — 2

All true responses have the general formula CnHZn-ZO;

thus the relationship H = 2%¥C — 2 can be required.
(¢) Element Counts

Carbon: All true responses must contain 3-10 C atoms. However all
respcnses to the keysa. C=C~ and ---C=0 contain at least 3 carbons. Therefore

only the upper bound of 10 C atoms must be stipulated.

Hydrogen: The H count has already been expressed in the CONSTRAINTS
as a function of the count of 3 to 10 C atoms. Since the formula is RESTRICTED,

hydrogen must be demanded, but only qualitatively.

Oxygen: Since the formula is RESTRICTED, oxygen must be listed;
however, the keys have already demanded an exact count of one oxygen, so no count

need be specified in the formula statement.

It is evident then that molecular formula requirements that are implicit in
the structural fragment keys should not be repeated in the formula statement, How-

ever, this is not true of formula requirements implicit in structures to be tested
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for by A/A search. In actual operation, only the compounds that satisfy the
keys and formula statement are tested by the A/A search. Since A/A search is
such a lengthy process, the keys and the formula statement should be used to

fail as many compounds as possible before the A/A search is begun, Therefore

if a structure to be A/A searched contains a heteroelement whose presence is not
already necessitated by the structural fragment keys, at least the qualitative
2 presence of that element should first be established either with a molecular

formula key or in the formula statement.

3.4 Part V: Atom-by-Atom Search (Optional)

Structural fragments to be located by atom-by-atom (A/A) search are con-

structed and encoded in Part V (illustrated below). Each encoded structure

TR OR!

is assigned a name used to represent the structure when the query is processed,

IRITRERY

and the number of times each structure is required to occur in each retrieval

is specified

Illustration: Query Coding Form, Part V

V. | ATOM-BY-ATOM SEARCH

I T e e R T S LR s

Structure(s):
Structure No. of
name Structurespecification . Occurrences

§
&
5
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3.4.1 Use of the Atom-by-Atom Search

Identification by computer of a particular structural fragment in the

record of a compound in the CIDS file is a time-consuming process. If re-

trieval of structural families required that the record of every compound on
file be examined each time a query was input, the system would at best be highly

uneconomical, and real time operation would be impractical. To aveoid the need

for examining individual compound records at search time, CIDS identifies and
tags witbh keys significant structural features of cach compound before the

compound is stored in the file. Thus when a search is initiated, the required

structural family can usually be obtained by combining the appropriate structurai

fragment keys, supplemented by the molecular formula keys and/or the formula
statement as necessary.

Sometimes the keys and formula statement alone will not retrieve exclusively

the desired structural family. If the percent of false responses is expected to

be low, final discrimination is most economically accomplished by simply examin-
ing the output visually. However, when both the number and percent of false
drops is expected to be high, it is possible to have the record of each potential

response atom-by-atom searched for the precise structural feature(s) which char-
acterize true responses, Examples of situations in which an A/A search might be

profitable are:

(1) to require a particular juxtaposition of two (or more) functional

groups., (Examples: aminoacids in which the -NH2 is beta to the carboxyl;

benzenesulfonamides having an amino group para to the sulfonamide (i.e., sul-
fanilamides); etc.)

(2) to require that a particular atom carry a charge, with or without
specifying the exact value of the charge;

(3) to require a specified isotope of a certain element to be contained

in a particular functional group, with or without specifying the exact mass
number of the isotope;

_{4) to demand a structural fragment in which one or more atoms may be

any of a specified set of elements, (Example: Dialkyl compounds of group

40

e

3
E]
2
3
1

4
%
1
3
A




IIB metals, i.e., compounds containing the structure* ~C-E2-C~ where E2 is
zinc, cadmlum or mercury.)

When it is necessary to conduct an A/A search, only the minimum fragment
which will detect the required structural feature should be specified. For
example, consider a query to retrieve all monocyclic compounds in which two
halogens are substituted on the same carbon atom of a cyclohexane nucleus (other
substitutions are permitted). While the keys can assure that cyclohexane is the

only nucleus, and that the ring has at least two halogen substitutions, A/A search

e kg e b Al IR S R

is necessary to require both halogens to be attached to the same atom. ~ The com-
plete structure that characterizes true responses is¥

2 YEIRENRT

SRR

. X" %
' g v However, since cyclohexane is the only nucleus present, only the fragment
i
3 C \
3 ]
4 ¥ x
3 need be specified, with suitable indication that the carbon atom is a ring
g member.

3.4.2 Structuring the Fragment

The structural fragment must be constructed from the atom symbols and
bond types described in Tables I and II. Charges and specified atomic masses
are indicated in their usual locatioms, 1i.e., to the above right and above
left of the atom symbol respectively. .

If the number of bonds drawn to an atom is less than the assumed CIDS

valence for that atom (four for carbon; otherwise, the lowest common valence),

the remaining valence is assumed to be satisfied by hydrogen. Therefore, the

only hydrogen atoms that must be shown explicitly are those attached to an

. atom whose current valence is greater than its assumed CIDS valence.

% For explanations of the symbols, see Tables I and II.which follow,
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TABLE I. AYOM SYMBOLS USED IN ATOM-BY-ATOM SEARCH

The following atom symbols are used in constructing query fragments:

S ol Meaning
Any of the standard One atom of the element.

international symbols
for the elements

EL One atom of any heterocelement, i.e., any
element except C or H.

EE One atom of any element except H.

D One atom of deuterium,

T One atom of tritium,

X One atom of any of the halogens F, Cl, Br or 1.

El Each of these symbols is available to be defined

E2 by the user to mean either

E3 I

E4J (a) one atom of any element in a list of up to
eight element types selected by the user, or

(b) one atom of any element except those appear-
ing in a list of up to eight element types

selected by the user,

e thmed daiaripars S

PR P——

O

L by W 1T 3




TABLE II. BOND SYMBOLS USED IN ATCM-BY-ATOM SEARCH

The following bond types are used in constructing query fragments:

Bond Type Hand Representation Meaning
As interior* bond As hangin bond
1 Single bond Single bond to an

unshown carbon atom

Double bond Double bond to an
unshown carbon atom

1y

Triple bond Triple bond to an
: unshown carbon atom

4 Resonant ring bond Resonant ring bhond to

an unshown carbon atom

ol

3 5 ——— No meaning Single bond to an un-
4 shown atom of C or H
- 8
g 6 nJ Any type bond No meaning
(a "don't care"
interior bond)

' 7 N No meaning Any number or -ype of
non-ring bond(s) to
any unshown atom(s)
(an acyclic '"don't
care" hanging bond)

8 NJ No meaning Any number or type(s)

of ring or non-ring
bond(s) to any unshown
atom(s) (a "don't
care” hanging bond)

*An interior bond connects two atoms within a structural fragment. A hanging
bond connects an atom in a fragment to an unshown atom, i.e., an atom that
is not part of the fragment,

e e T e e e L
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The following points regarding the construction of fragments are worthy
of special note:

(1) Ring and Non-Ring Members The A/A search distinguishes between
atoms and bonds which must be members cf rings, those which must not be members
of rings and those which may or may not be members of rings. Therefore the

ring, non-ring or "don't care' character of each atom and bond in the fragment
must be clearly evident.

(2) Use of the Halogen Symbol X If the symbol X (representing one

atom of any of the halogens F, Cl, Br or I) appears more than once in a single

fragment, the atoms in the compound record to which the X's correspond are not

necessarily atoms of the same halogen.

(3) Defining ‘the Symbols El-E4 1f any of the symbols El through L4

are used, the user must provide for each either (a) a list of up to eight

element types with which that symbol must correspond, or (b) a list of up to
eight element symbols with which that symbol must not correspond. If one of
these four symbols is used in more than one fragment in a single query, the

symbol must be defined in each fragment.

(4) Retrieval of Isotopes

(a) An atom in a query structure for which no mass is specified can

correspond to any isotope (i.e., normal or '"abnormal' mass) of that element in
the compound record.

Example: An A/A search for compounds containing the fragment

-C=N-0--- retrieves C—G====L2N-O and C-C==N-Q as well as C-C=N-0,

D :
(b) An A/A search for a particular specified isotope retrieves

compounds in which the appropriate atom has the exact mass numbér specified.
Example: An A/A search for compounds containing the fragment
o

"

--33p0---

1)
O-=-
does not retrieve the compound
0
C-CLZI!-O
0
due to the different mass numbers of the phosphorus atoms.
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(c)

Compound:. containing an atom permitted to be any specified
isotope of a particular element are retrieved by an A/A search in which the

atom in question has as its mass number the indefinite value n.

Example: An A/A search for the fragment

0 i
(3]
--Bpug--
[§
O-=-
0 (0]
" [1]
retrieves both C—C-—~§§P-O and c-C 32P-O .
t L}
0 : 0

0
1
It does not retrieve C-C~P~—0 because the mass number of the
I
0

phosphorus atom is not specified.

(5} Retrieval of Charged Compounds

(a) An uncharged atom in a query structure can correspond to any

uncharged or negatively charged atom of the same element in the compound

record,
It can correspond to a positively charged atom in the record only if the atom
in the query structure has a "don't care" bond (type 6, 7 or 8) attached o it.
Example: An A/A search for the fragment ¥
0
n i
---As-§

' :
0 E

0

[} - +
retrieves the compound C-C-és-s = K, even though the sulfur atom in
0

the fragment does not have a charge. However an A/A search for the !
—

ey

C
] l_"_ - ;5
fragment -P- does not retrieve the compound C-‘--C + Cl ¢
T
c

i el T

because the phosphorus atom in the fragment does not have either a

positive charge or a "don't care' bond.
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(b) To require an atom to be either positively charged or negatively
charged without specifying the exact value of the charge, an A/A search is

conducted in which the appropriate atom has either the indefxnlte positive
charge 4n or the indefinite negative charge -n.

Example: An A/A search for the fragment -—S:EJ

retrieves the following compounds:

[E-C-Snfj . c1” ¢

C « 2C1°
t
c-c-sntt
Cc-C
1]
c-C-Snt-Cc-C |+ C1-
(6) Retrieval of Complete Structures An A/A search can be performed

for a fragment having no hanging bonds, i.e., for a complete chemical structure.

The structure may or may not be charged.

Example: A query to retrieve all salts of trichloroacetic acid might

include an A/A search for the complete trichloroacetate anion,

CL O /
) i

Cl————?-——-C-O-
Cl

(7) Retrieval of Deuterium and/or Tritium Compounds I1f e ‘atom in a
query fragment is required to be deuterated (tritiated) the use

ust either
(a) specify the exact number of deuteriums (trxtiums) attached t »
(b) specify that the atom must be deuterated (tritiated) but tha
number of D (T) attachments is unrestricted. '

thefatom, or

3.4,3 Structure Name and Number of Occurrences

Each structural fragment is assigned a name which Is used totrepresent
that fragment internally in processing and externally in.error messages. Rules

for constructing structure names are the same as for keydesignat %ns (sec. 3.2),

namely, each name must begin with a 1etter and contain five or fewer letters

‘,_\

% A deuterated (tritiated) atom is one to which deuterium (trit}um) is bonded.
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and digits, with no special characters (periods, spaces, etc,) permitted. Since
the words KEYS and END have other uses in the query language, these sre not
proper structure names. If two structures in the same query are assigned the
same name, the first assignment is used. A structure may be assigned the same
name as a key in the same query. o

.The number of times each fragment is required to occurtin each response
is specified as with the keys, using multipliers (1,2,3...), the connectors
AND, OR and NOT and parentheses as required. Since any or ali of the fragments
tested for can be negated, the A/A search can be used to eliminate a structural
family as well as to retrieve a family. k ‘ |

3.4.4 Structurespecification

A structurespecification is an encoded linear representation of the chemi-
cal structure or structural fragment to be searched for. In processing a query,
this cncoded structure is compared with the structures of the compounds which
have satisfied the keys and the molecular formula statement.(vCompounds for
which a correspondence is found are retrieved or discarded ss‘réquired by the

original question,

The first step in writing a structnrespecification forgs'fragment is to
number each atom other than H, D and T consecutively beginn?ng'with the number 1,
(A maximum of 50 atoms per fragment other than H, D and T fs*permitted ) This
numbering establishes the sequence in which the atoms will be ‘compared with the
atoms in the file compound., Although no particular order of numbering is de-
manded by the system, invalid compounds will be failed most” rapidly if the
number 1 is assigned to the atom least likely to occur in potential responses,
number 2 is the most unusual atom attached to atom 1, 3 is the most unusual
atom attached to 1 or 2, etc.

The general form of a structurespecification is

atomstring1 atomstring2 vee atomstringé (abné?mslitystring)

where atomstring identifies the element type of atom numbef;i;}the atoms
attached to i, and the bond types by which:they are attached,
(Thus, the structurespec;fication for a fragment with n
atoms other than H, D and T contains n atomstrings )

abnormalitystring identifies deuterated and tritiated atoms, charged
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atoms, and specified isotopes; stipulates when necessary the
required valence of a variable valence atom; and lists the
elements represented by each of the symbols El through E4 if

any of these symbols arc used in the fragment.

Although the general form for a structurespecification provided above
orders the atomstrings by atom number i, any permutation of the atomstrings
is permitted. For example, the structurespecification for a three atom
fragment could be written "atomstring3 atomstringl atomstringz" as well as
in atom number order, "atomstring1 atomstring2 atomstring3". Specification
of attachment in the atomstrings need not be redundant; thus, if the bond

between atoms 2 and 3 is cited in atom’stri.ng3 it need not also be cited in
atomstringz.

The rules for writing atomstrings and abnormalitystrings are provided in
the following sections.

3.4.4,1 Writing Atomstrings

A structurespecification contains an atomstring for each atom in the
fragment other than H, D and T. In writing atomstrings, ahfaéhments to H,
D and T are ignored. Each atomstring consists of the following string of
characters in the order described:.

(1) the atom number: the number i assigned to the atom as previously

described.

(2) an asterisk (%) if atom i must be in a ring,

or

an apostrophe (') if atom i may or may not be in a ring (i.e.,
don't care),

or

no character. If no * or ' appears, it is assumed that atom i
must not be in a ring, :

(3) the element symbol of atom i: includes any of the symbbls contained
in Table I except H, D and T, o

iy

(4) a bond description for each bond to atom i that is not:cited in
) another atomstring. Descriptions of bonds (to'atom i)
. that are cited in other atomstrings may also be:-included,
but these are not required. Each bond description consists
of the following string of characters: ' w

(a) the bond type: a one digit numbef?found in’ Table II.
(b) an asterisk (*) if the bond must be in a ring,

H
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or

an apostrophe (') if the bond may or may not be in a
ring (don't care)
or

no character., If mo * or ' appears, it is assumed
that the bond must not be in a ring.

(¢) the attached atom number: the number assigned to the
atom attached to atom i by this bond., The at-
tached atom number for all hanging bonds is O.

(d) a hyphen (-) if another bond description for atom i
immediately follows,

oY

a period (.) if the last bond description in atomstringi
has been cited.

In summary, each atomstring has the following general form:

]
atomf ring el bond ring attchd —bond ring Battchd ...
char. type char. atom type char, atomf

bond ring attchd

typ= char., atom# .

in which el is a one or two letter element symbol, and the ring character is

either an apostrophe, an asterisk or no character at all, If no bond descrip-

tions are included in an atomstring, the period immediately follows the element
symbol,
Example Consider an A/A search for compounds containing the fragment

N — 1 ¥ad
2 1

in which neither atom may be in a ring.

The structurespecification for this fragment is written as follows:

(1) Number the atoms.
assigned the number 1.

Since silicon is the more unusual atom, it is

(2) Write the atomstrings.

The fragment contains two atoms that are not H, D or T; therefore its

structurespecification contains two atomstrings., Since the bond between these

two atoms may be cited in either or both atomstrings and since there is no
prescribed ordering of the bond descriptions, there is more than one valid

pair of atomstrings for this fragment. One example is
15122-80. and 2¢50,

which are interpreted as follows:
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Atom number 1
is a2 non-ring (since no *
of silicon
! attached by a double (type 2)
i ¢/ non~ring (since no * or ') bond
P / to atom number 2
| {' ror and
i / / / // by any ring or non-ring bond(s) (type 8)
i // / /' to any atoms not displayed in this fragment
-/ and to nothing else, (The type 8 bond accom-
modates attachments to H, D and T as
well as attachments to this atom cited
in other atomstrings.)

or ') atom

i

/
1}/,

L/
15i22 - 80.

Atom number 2
is a non-ring (since no * or ')
carbon atom
attached by a single
non-ring (since no * or ') bond to an atom of C or H

(type 5 bond)
outside this fragment
and to nothing else except perhaps H, D, T or an
/////// attachment cited in another atomstring.,
2G50,
(3) The structurespecification for this fragment consists of the two

atomstrings side by side, i.e.,
18122-80. 2C50.

3.4.4.2 Writing Abnormalitystrings

If a structure contains a charged atom, an atom of D, T, or any other
"abnormal' isotope,or any of the symbols El-t4, its structurespecificatica

must contain an abnormalitystring. An abnormalitystring may also be =esuired

if the structure contains an atom whose valence varies in differﬁgt compounds,
In writing a structurespecification, the abnormalitystring is enclosed in

parenthesis and follows the last atomstring.

i
E.

i
i
«
H

The general form of the abnormalitystring is:

term term ... term

PR oy sy,

term may be any of the six different types of terms descril-ed below. An
abnoimalitystring may contain as many terms of each type as are required
to fully describe the structure, and the ordering of the tarms within
the parentheses is completely arbitrary. ’
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a. Charge abnormality

To require an atom to carry a charge, the
abnormalitystring must contain a term of the form

ci = V.

where i is the number assigned to the atom which carries a charge v = +1, 42,
.+« To require atom i to be positively charged without specifying the exact
magnitude of the charge, v is set equal to the indefinite positive value "+4n;"

similarly, to require atom i tc carry an unspecified negative charge, v is
set equal to the indefinite negative value "-n."

b, Attachment to D (deuterium)

If an atom in a fragment is attached
to one or more atoms of deuterium, the abnormalitystring must contain a term
of the form

where 1 is the number assigned to the atom to which v atoms of deuterium are

attached, v =1, 2, ... or the indefinite value n. Setting v = n results in

a term of the form Di = n. which requires atom i to be deuterated without
specifying the exact number of deuteriums.

¢. Attachment to T (tritium)

If an atom in a fragment is attached

to one or more atoms of tritium, the abnormalitystring must contain a term
of the form

Ti = v.

where i is the number assigned to the atom to which v atoms of tritium are
attached, v=1, 2, ... or the indefinite value n,

Setting v = n results in
a term of the form Ti = n,

which requires atom i to be tritiated without

specifving the exact number of tritiums. ¥
d. Mass abnormality

If an atom in a fragment has an abnormal mass
specified above and to the left of the element symbol, the abnormalitystring
must contain a term of the form

Mi = v,

where i is the number assigned to the atom whose mass number is y = 1, 2,

... or the indefinite value n, Setting v = n results in a term of the foxm
Mi =

n. which requires atom i to be any specified isotope of the appropriate
element, regardless of the exact mass specified.
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e. Valénce abnormality Suppose a fragment contains an element whose

valence differs in different compounds, (Nitrogen, for example, may have a

valence of either 3 or 5.) Suppose further that only compounds in which that
element functions with a single, specified valence are to be retrieved, If
the required valence is not necessitated by the bonds explicitly cited in the

fragment, that valence may be demanded by including in the abnormalitystring

a term of the form
Vi = v,

where i is the number assigned to the atom whose valence must be v (v = 1, 2
+++). Note that no sign is associated with the value of v. TFor additional

explanation of the valence abnormality, see the first example below,

f. Defining the Symbols El, E2, E3, E4 For each of the symbols El

through E4 that is used in the fragment, the abnormalitystring must contain

either a term identifying which elements are represented by the symbol or a

term identifying which elements are not represented by the symbol as follows:

A term of the form
Ei = ell, e12, .-.eln. (n =38)

where Ei is either El, E2, E3 or E4 apnd the el's are standard element symbols
means that any atom in the fragment represented by the symbol Ei can be any

of the elements equated to that symbol. Similarly, a term of the form

Ei = NOT ell, e12, ...eln. (n < 8)

(Ei and el's are as described above) means that an atom represented by Ei may

be any element except those equated to that symbol.

The el's must be standard element symbols; thus the symbols D, T, X, EE

and Ef, as well as El through E4 themselves, are not valid,

Since four symbols (El, E2, E3 and E4) are available to be defined in
each fragment, a maximum of four of these defining terms can be present in
an abnormalitystring. If the same symbol is used in more than one fragment
in a single query, that symbol must be defined in the abnormalitystring of
each fragment in which it appears., The definitions need not be the same for

all of the fragments.
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Example 1

Both of the elements N and P can function with a valence of either 3 or
5. 1In the fragment

—P'= N~
1 2

the phosphorus atom is necessarily pentavalent; however, since the wiggly

bond represents any number of any type bonds, the N atom can be either tri-
valent or pentavalent. To retrieve only those members of this family in which
the N is, for example, trivalent, the abnormalitystring must contain a term
(since N is assigned the number 2)

V2=3.

The abnormalitystring must also contain a term Cl=+l. to require a charge of
+1 on the P atom. The complete structurespecification for the above fragment
is

1P22-10-10, 2N21-80. (Cl=+l, V2=3.)
Eliminating redundant bond descriptions, this structurespecification can be
written

1P22-10~10, 2N80., (Cl=+l, V2=3,)

Example 2

To retrieve all compounds containing a trideuterated carbon atom, an A/A
search is performed for the fragment

D

t
D=CaA~

]

D

Since atoms of H, D and T are not numbered, the carbon becomes atom number 1.
To require three atoms of deuterium to be attached to atom 1, the abnormality-

string must include the term

D1=3,

The structurespecification for this fragment is

1¢80. (D1=3.)
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Example 3

An A/A search to retrieve all deuterated hetercatoms other than oxygen

demands that responses contain the fragment
~~+E4 (one or more deuteriums attached to E4)

in which the symbol E&4 represents an atom of any element except carbon or oxygen.
The abnormalitystring for this fragment must contain two terms, one to iden-
tify the elements that are not represented by E4 and one to require E4 to be
deuterated, The latter term employs the indefinite value "n" as the number
of deuteriums to which E4 is attached, since this number can vary for valid

responses depending on the element to which E4 corresponds in each case.

The structurespecification for this fragment is:

1'E480. (Dl=n, E4= NOT C,0.)

Example 4

15N-labeled exocyclic imines are to be retrieved through an A/A search

for the fragment
Vs

/
\

.

)):::%?Na.

No restrictions are placed on the adjacent atoms or connecting bonds
in the ring containing the carbon atom. Therefore in the atomstring for
carbon the element symbol C is preceded by as asterisk (*¥) to require the
atom to be a ring member; the unrestricted attachment to the rest of the
ring is represented by a type 8 "don't care" bond, which by definition
represents any number of any type(s) of cyclic or acyclic bonds. An abnormal-
itystring 1s included to require the nitrogen to have a mass number of 15,
The structurespecification for this fragment is written

1N22-80, 2%C80. (M1=15.)
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Example 5

Consider an A/A search to retrieve derivatives of arsonic acid and

thionoarsonic acid represented by the following structure:
E3
1]
===Af5 = E2
1

E2rv

E3 is an atom of O or §
E2 is an atom of N, Se or Te
Since the fragment employs the two pseudoelement symbols E2 and E3, the

abnormalitystring must include two terms to define these symbols, The struc-

turespecification for this fragment can be written

1As22-13-14-50, 2E3. 3E280. 4E280. (E3= 0,5, E2= N, Se, Te.)

3.5 Part II: Encoded Query

In Part II of the coding form (illustrated below), all of the retrieval

requirements that have been specified in Parts III, IV and V are encoded for
input.

Illustration: Query Coding Form, Pait II

1I. | ENCODED QUERY:
Query name:

Keydefinitions: (Section III.)
KEYS =

FORMULA

DEFINE STRUCITURE (Section V,)
STRUCTURE =

! END

-y
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The encoded query can be viewed as consisting of:

Query name

Query body: Keydefinition(s)
KEYS Logical Statement(s)
FORMULA Statement(s) (QOptional)
DEFINE STRUCTURE Statement(s) (Optional)
STRUCTURE Logical Statement(s) (Optional)

END Statement

The query name is an essential part of every query used in output to
identify the query to which responses and comments from the system refer.

Each keydefinition identifies to the system one key that the querist
may wish to use in the query., At least one keydefinition must appear in
every query; usually a2 number of keys are defined. The fact that a key is
defined in a query does not necessarily mean that it will be used, but only
that it is available for use. This feature simplifies modification of a
query online for browsing or other purposes by enabling the querist to define

all potentially useful keys when the query is first input.

The KEYS logical statement identifies the combination of keys required
to tag each response. At least one such statement must appear in each query,
and every key referred to in the KEYS logical statement must have been pre-
viously defined in a keydefinition, If a query contains more than one KEYS

logical statement, only the last one is used,

In the FORMULA statement (optional) the restrictions on the molecular

formula that are stated in Part IV of the coding form are encoded. If
more than one FORMULA statement appears in a query, the last one is used.

The DEFINE STRUCTURE statement (optional) contains the structurespecifi-
cation(s) for the fragments to be located by atom-by-atom search. A number
of fragments can be defined in a single DEFINE STRUCTURE statement; if more

than one such statement is used, the effect 1s cumulative, i.e., each new
fragment is simply added to the internal list of fragments defined for use
in that query, As with keydefinitions, every fragment defined in a query

need not be used.
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The STRUCTURE logical statement (optioral) identifies the combination

of fragments that potential responses are to be tested for by A/A search.

The structurespecificat’m for each of the fragments must have been previous-
ly given in a DEFINE STkJUCIURE statement, If more than one STRUCTURE logical

statement appears iln a query, the last one is used,

The END statement marks the physical end of the imput for a single query
and is therefore essential.

The following sections describe the construction of each of the above
parts in a detailed step-by-step fashion. For examples of completely encoded

queries as they are input, see Section 4.

3.5.1 Query Name

Every query is assigned a name that identifies the query in error mes-
sages and retrieval printouts. It is the first item of the query that is
presented to the preprocessor, and is therefore simply typed as the first
character string of the query. The query name consists entirely of letters
and digits, must begin with a letter and can be up to five characters in
length, Special characters (periods, commas, spaces, etc.) are not permitted,

nor are the words KEYS or END, as these have other meanings in the query
language.

Examples of valid gquery names are:

H20
LISA
AMIDE
CCL4
Q1234
J

Examples of invalid names are:

PROTEIN (too many characters)

4SUB (begins with a number)

COSTS$ (contains a special character)

P NIT (contains an imbedded space)
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3.5.2 Query Body

The query body consists of the encoded requirements for retrieval, and
may contain up to five different iypes of statements. Two of these types
(the keydefinitions, and the KEYS logical statement) must appear in every

query; the remaining three types (FORMULA, DEFINE STRUCTURE and STRUCTURE
logical statements) are optional,

Rules for comstruction of these statements, explained in the following
sections, all follow the same pattern., In each case, a prototype of the
statement is given. One makes appropriate substitutions in the prototype
to form the statement used in a given query. The conventions follcwed in

the prototypes are explained in Appendix B.

3.5.2.1 Keydefinitions

The keydefinitions identify and assign keydesignations to the keys that
the querist may wish to use in the query. The general form of each keydefi-
nition is

keydesignation = code /

where the keydesignation and CIDS code are listed in Part III of the coding
form, The combinarion(s) of keys required to tag retrieved compounds will

be expressed in terms of these keydesignations in a subsequent KEYS logical
statement,

As discussed in Section 2,overall search efficiency 1s affected by the
ordering of the keydefinitions in the input. It has been suggested that,
wherever possible, the optimum ordering of the keys be implied by the key-
designations., Therefore, 1f the keydesignations possess some obvious sequence

(e.g., K1, K2, K3, ...), the corresponding keydefinitions should appear in
this order in the input string.

No more than 36 keydefinition: may appear in each query. All of ik
keys defined need not necessarily be referred to in a KEYS logical statement,

For examples of the use of keydefinitions, see Section 3.5.2.2 ov Sectiou 4,
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3.5.2.2 KEYS Logical Statement

The KEYS Logical Stazement is used to specify the logical combination

of the keys demanded under "Required key assignment' in Part III of the

coding form, It is written in terms of multipliers (1,2,...), the connectors

AND OR and NOT, and the keydesignations that have been assigned to keys in
preceding keydefinitions, Simplifying the KEYS logical statement by using

parentheses to require the proper associations is permitted.

The general form of the KEYS logical statement (before insarting

parentheses) is;

KEYS = minterml OR minterm2 ... OR m:intermn S

where n > 1 (i.e., there must be one or more "minterms'" in a KEYS logical

statement) and minterm, is of the form

—1
E\IOTJ [ql] nameIL E&Nlﬂ E\IO’I] [QZJ RAMEy ... E\ND] E\‘IO’.I‘J[q[;] name, 1<m<36

where  name, is a keydesignation that has been assigned in a preceding
—1i

keydefinition,
94 is an integer indicating the desired multiple of name. .
a st be no_space between g, and the correspondin
There mu 4 P g
name

.
1

At least one n&me,l in each minterm must be non-negated; otherwise, the

minterm is invalid,

If no operator is included between twou mnames, AND is assumed. If no

multiplier precedes a name, 1 is assumed.

If more than one logical statement for the KEYS appears in a query,
the ‘ast statement input is used. Every keydesignation that appears in the
last KEYS logical statement must have been previously assigned to a key in
a keydefiniticn, Keys that appear in keydefinitions, but whose keydesigna-
tions do not appear in the last KEYS logical statement, have no effect on

the retrieval.

The interpretation of the operators AND, OR and NOT is such that NOT
is strongest, AND is next strongest, and OR is weakest. This assumed re-

lative binding strength prohibits ambiguity, even in the total absence of
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parentheses. However, users are cautioned uzbout making errors resulting

from using the wrong grouping zssumptions. For example,
NAME1l OR 3NAMEZ AND NOT NAME3 AND RAMESL

could be interpreted in & number of different ways depending on where paren-
theses are assumed. Fcllowing the rule above, grouping occurs during pre-

processing as if parentheses are included as follows:
(NAME1) OR (3NAME2Z AND (NOT NAME3) AND NAME4)

Thus it is said that 1OT has tighteat hold (greatest Linding strength) on
its operand NAME3, AND has next tighest hold, and OR has weakest, The pre-

processor does nct, for example, interpret the string as:
(NAME1 OR 3NAME2) AND (NOT(NAME3 AND NAME4))

1f one wishes to write a logical erpression with the latter meaning without

using parentheses, he must write:
NAME1l AND NOT NAME3 AND NOT NAME4 OR 3NAME2 AND NOT NAME3 AND NOT NAME4

To illustrate the combined use of keydefinitions and the KEYS5 logical

statement, consjider the following retrieval requirement:

Retrieve all primary and secondary hydroxya’kanemonocarboxylic acids.
The pertinent keys are

CIDS Code Structure
A-C=0
FG81 —C-0
'
FG9%4 0
"
---C-0

The requirement can be stated:

one or more FGB0 and exactly one FG94 and exactly cne A-C=(Q
OR one or more FG81 and exactly one FG94 and exactly one A-C=0

The requirement in the form of query statements is:

Kl = FG81/ K2 = FG80/
K3 = FG94/ K4 = A-C=0/
(continued)
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KEYS = 1K1 AWD 1K3 NOT 2K3 AND K4 OR
1K2 AND 1K3 NOT 2K3 AND K4 $

Note that exactly one FG94 (keydesignation K3} 1is retrieved by demanding

.+.1K3 NOT 2K3...

This technique need not be employed for the A-C=0 key (keydesignation K4),

since this key can not be assigned more than once to cach compound,

Using parentheses, we can simplify the logical statement as follows:
KEYS = (K1 OR K2) K3 NOT 2K3 K4 §

since the digit "1'" and the connector AND are assumed.

3.5.2,3 FORMULA Statement (Optional)

This statement is used to stipulate the range in which the molecular

formulas of all retrieved compounds must lie., The exact requirements to be

encoded in the statement are specified in Part IV. of ihe coding form.

The construction of the formula statement is as follows:

rorvumAY PR % rormila/  formula/

ess formula/ $
ADDEND/

-

where each formula has the jzeneral form

el el
el(count) el(count) —
[%ESTRICTE%} el(lb, 3}/ ...<el(lb, ) {S?NSTRAINTS el=a*el +b ... el=atel iE]
el{( ,ub) el( ,ub)
el(1b,ub) el(1b,ub)

in which

el is an element symbol or the general halogen symbol X
count is an exact count for el, equal to O, 1, 2.4,
1b is a lower bound for el, equal to O, 1, 2...
EE is an upper bound for el
is an integer from 1 to 63. When a = 1, the 1 and the * may be uvmitted,

a
b is an integer from O to 3l. When b equals zero, the term t b may be
omitted.
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The tovmula statement (if one is present) therefore conslsts of

(2) the word FORMULA, followed by

(b) HTLL/ 1if the first formula applies to the Hill molform, or
ADDEND/ 1f the first formula applies to the addend molform (the
second and subrequent formulas are assumed to apply to addend
molforms); foliowed by

(c) One or more terms of the form formula/, where cach formula consists
of

(') the word RESTRICTED if the restricted feature (Sec. 3.3) is
used; followed by

(2) one or more texrms, each of which consist. .. either an element
symbol alone (to require the element to be present without
restricting its count), or an clement symbol followed by the
exact count or the lower and/or upper bound for the element
ir parentheses; followed by

(3) the word CONSTRAINTS and one or more equations of the form

given above, if the constraints feature (Sec. 3.3) is used.

(d) A dollar sign ($) terminating the formula statement follows the

slash that comes after the last formula,
In listing the elements in ecach formula, the el's must be in alphabetical
order with the exception that C, H, N, O, and X may appear anywhere.

Example:
F£ the specifications in Part IV, of the coding form are as follows:

Iv. | MOLECULAR FORMULA STATEMENT
Formula  RESTRICTED Element Exact Lower Upper CONSTRAINTS
type | symbol count bound bound
d 5 Ao
H ab | 3%
“t‘ o a
7 C ¢
7 o H H=2%0 +&
N a
. / é O a
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the resuliing FORMULA statemert is

FORMULA ADDEND / RESTRICTED C(15,20) H(26,38) 0(2)/
RESTRICTED C(6,8) B M(2) 0(2) CONSTRAINTS H = 2%C + 2 /%

The word ADDEND indicates that, in addition to the second and all subsequent sets,

the first set of restrictions also applies to an addend molecular formula. Since

two sets of restrictions are provided, records of retrieved compounds must contain

at least two addend molecular formulas. One of these formulas must contain:

a. from 15 to 20 carboas

b. from 26 to 38 hydrogens

c precisely 2 oxygens

d. nothing else (beczuse of the word RESTRICTED)

The other formula must contain:

a. from 6 to 8 carbons

b. any number of hydrcogens

c, precisely 2 nitrogens

d. precisely 2 oxygens

e, a number of hydrogens equal to twice the number of carbons plus 2
f.

nothing else (because of the word RESTRICTED)

3.5.2.4 DEFINE STRUCTURE Statement (Optional)

The purpose of the DEFINE STRUCTURE statement irs to supply the search programs
with the structurespecification* for each structure to be sought by ga A/A search,
and to assign to each an arbitrary namet by which each can be represented inter-

nally and externally in error messages. The general form of the DEFINE STRUCTURE
statement is

DEFINE STRUCTURE structurename, = /structurespecification, /

structurename, = /structurespecificationzl...

structurename = /structurespecificationn/ $

where structurenamej and struccuresgg._cificationi are as provided in Part V of
the ceding form,

* A structurespecification is an encoded linear representation of a chemical
structure or structural fragment. It consists of a conrection table with or

without an abnormalitystring depending on the structure. Rules for writiag
structurespecifications are given in Sec. 3.4,4.

t hules for writing these names are contained in Section 3,4.3.
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Structurename, may appear in a following STRUCTURE logical stiaitement.
L

Slashes must be used for delimiters as shown above, No more than 36 struc-
tures can be delined in all of the DEFINE STRUCTURE statements of a query.
If more than one DEFINE STRUCTURE statement appear in a query, the effect
is cumulative asg with the DEFINE KEYS statement. Two structures in the same
query should not be assigned the same structurename, although a structure

can have the same name as a key.

For examples of the use of the DEFINE STRUCTURE statement, see Section 4.

3.5,2.5 STRUCTURE Logical Statement (Optional)

The STRUCTURE logical statement specifies the particular structure or
combination of structures to be tested for by the A/A search, as described
under "Number of Oeccurrences" in Part V of the coding form, The statement
is written in terms of multipliers, the connectors AND, OR and NOT and the
structure names that have been assigned in previous DEFINE STRUCTURE state-

ments. The general form of the STRUCTURE logical statemens is

STRUCTURE = minterml OR minterm2 ««« OR mintermn $

where n>1 and each minterm has the form
o ey o} ) [ o B o] [,

where name. is a structurename assigned in a previous DEFINE STRUCTURE
statement, and 4y is an integer giving the required multiple of the structure

name. . There must _be no space between name . and its multiplier g;-

The STRUCTURL logiral statement is generally similar to the KEYS logical
statement (Sec. 3.5.2.2), except that (a) while a KEYS logical statement is
essential to every query, a STRUCTURE logical statement is not; and (b) while
at least one key in each KLYS minterm must not be negated, it is permitted to
negate all of the structures in a STRUCTURE minterm, Otherwise, the rules
for writing STRUCTURE logical statements are the same as those for writing

KEYS logical statements.

If more than one STRUCTURE logical statement appears in a query, the

last one is used. All of the structures referred to in the statement must
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have been pieviously defined in a DEFINE STRUCTURE statement. Structures
that are defianed in DEFINE STRUCTURE statements but that are act referizd
to in the last STPUCTURE logical statement have no effect on the retrieval.

3.5.3 END Statement

The word END must be included as the last word in the query. Its

purpose is to mark the physical end of the query and terminate preproces:ing.

The END statement must be punched in enlumns 1-3 of 2 card in the batch
system and typed at the start of a line in the remcte console system. This
is the ornly deviation from the "free format' scanning method used in the

system,

A dollar sign may never appear in column 1 of a card in the batch system,

since this would signal the end of a set of queries.
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4. Examples. Questions with Encoded Queries

The remainder of this document consists «f some twenty sample questions
typical of those that might be addressed to a \oriking CIDS. All of these
examples are within the scop¢ of the early stages of the model system, that
is, they probe the structure and/or molecular formula of classes of compounds
currently admitted to the file. As additional types of compounds are admitted
to the file and as the system's capability for searching non-structural chemi-
cal features is implemented, the coding rules will, of course, require updatiog.
However, the considerations that must be taken into account for efficient usc
of the model CIDS, as illustrated in these examples, will still be applicable

even while the system is expanding.
The presentation of each example consists of the following:
{1) The original question as posed by the user.

(2) A brief comment on the data supplied in the original question,
identifying the structural and/or molecular formula features that
characterize true responses, and determining whether the required

compounds can best be retrieved by using more than one query.

(3) A description of the search strategy for each query explaining the

selection of the particular combination of search components employed.

(4) An illustration eof the exact text of the query as it is input, 1In
the real-time model system, input is via teletype. Once the text
of A query has been input, commands can be typed in instructing the
system to make alterations in the text or to begin processing the
query. The operation and use of the various teletype commands is

described in Appendix A,
{(5) The completed coding form for each query.,

The strategies embodied in these queries have been devised by persons
having extensive experience with CIDS to illustrate techniques for using the

system most efficiently. However, a user having adequate chemical knowledge

and a basic understanding of the system can conduct searches which, although
perhaps not maximally efficient are nevertheless satisfactcry, even if he
lacks suffi:ient cxperience to recognize all available means for improving

search economics.
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EXAMPLE 1

Question

What compounds are on file that contain C, H, O, P and either Cd or Mg?

Comment

The desire.. family of compounds is cairncterized not by any common structural
feature, but only by the set of element types which may appear in the Hill molec-
ular formula. All responses must contain either C, H, O, P and Cd only or ¢, H,

0, P and Mg only., Such limitations can be imposed in CIDS by use of the Molecular
Formula Statement with the RESTRICTED option, Since each Formula statement can

impose only one set of restrictions on the Hill formula and since each query may

contain only one Formula statement, two queries, EGl1A and EG1B, are required to
best answer this question.

Strategy for queries EGlA and EGlB

The molecular fcrmula of all retrieved compounds is required to contain any
number of each of the elements C, H, 0, P and Cd (or Mg). Although these require-
ments can be completely stated with a Formula statement, each query must first
demand the presence of one or more keys in order to obtain a list of potential

responses on which the restrictions of the Formula statement can be imposed,

Since the required family of compounds contains nc common structural features,
no structural fragment keys can be employed. A list of potential responses can
be obtained by using three of the molecular formula keys. To require the presence
of Cd (or Mg) and P regardless of the number of times each occurs, the qualitative
molecular formula keys MF CD (or MF MG) and MF P are demanded, CIDS does not pro-
vide a8 qualitative key for oxygen, since the list for such a key would be exceed-
ingly long. However, the qualitative presence of oxygen in compounds which have

responded to the other keys in the query can be required by demanding that the
key MF 0 O not occur,

The keydesignations K1, K2 and K3 are assigned to the cadmium (or magnesium),

phosphorus and oxygen keys respectively in accordance with the expected order of
1ncreaéing length of the keylists.
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The molecular formula keys have demanded the presence of Cd (or Mg), O and
P. To require that both C and H be present and to assure that no additional element i
types are present, the molecular formula statement with the RESTRICT?D option is

employed. Since only the qualitative presence of these five elements is required,

no counts (exact, or lower or upper bound) are specified.

Encoded Query

The queries are assigned the names EGlA and EG1B. The input for EGlA is

EGA ‘

Kl = MF CD/ K2 =M P/ K3 =M 09/
KEYS = KL K2 NOT K3 §

FORMULA HILL / RESTRICTED C H CD O P/ §

END

The input for query EGIB is

EG1B

KL =MF MG/ K2 =MF P/ K3=MF O8O .
KEYS = KL K2 NOT K3 $

FORMULA HILL / RESTRICTED C HMcOP/ $

END
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II.

CIDS Query voding Form

Quervgmgé'lﬂ

QUESTION:

N/ETTe nm;fmlmdﬁ QL. B »fﬂi. dhat Wiitain Q, H 0, 0 and
b Cd a4 ’77?@,.7

Structural Representation toiecular Formula Specifications

Conttoams O, 1,0, F and
4 ; md oThes Lementd

ENCODED QUERY:

Query name: EGIA
Keydefinitions: (Section I1I1.)

kevs = K| K4 NOT K3 4§

rmnns HILL [ RESTRICTED ¢ H b O P | $

DEFINE STRUCTURE (Section V.)
STRUCTURE =

END
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I11. |KEYS

User's Checklist of Key desig- 7 CIDS code

Required
Key Types nation

asgignmt.

Mol, Formula (3F) ... -
Acvelic=Cyelic (A-0) ot {W F: Qﬁ) oI

; Extracyclic (EC) ﬁ\N(?
[ Number of Cyclie Nuclei

]

(NCN) :
Cyclic Nuclei: non-H K meE PP k-
Attts. (DACN) L.
Generic Cyclic Nuclei s
(GCN) o - .
‘ Specific Cyclic Nuclei A3 MF O ¢ A
‘ (SCN) '

Specific Functional
Group (FG)

Nonspec. Diatomics (ND)
Nonspec. Monatomics (NM)
Yydrocarb. Radicals (HR)
Irorganic (IN)

Meral Cation (CN)
Inorganie Anion (AN)

: Abnormal Mass (MASS)
General Metal (MF M)
Nonstructural (DATA)
Registry humber (RN)

IV. |[MOLECULAR FORMULA STATEMENT

Formula RESIRICTED Element Exact Lower  Upper
type symbol count  bound  bovnd

¢

CONSTRAINTS

H

HiLL Yoo (4.
O

P
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II.

CIDS Query Coding Form

QUESTION

:séfé& M EG 1A

Query name; EG/L

Structural Representation

Molecular Formula Specifications

ENCODED QUERY:

Query name: £ &/8
Keydefinitions: (Section III.)

REYS = K| K& NOT K3 ;

DEFINE STRUCTURE (Section V.)
STRUCTURE =

END

FORMULA mz.a./ﬁssm(creo ¢ H meop/¢
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Iv.

KEYS

User's Checklist of
Key Types

Key desig-

nation

CIDS code

Required

asgignmt.

Mol, Formula (MF)

Acyclic-Cyclic (a-C)

Extracyclic (EC)

Number of Cyvclic XNuclei
(NCN)

Cyclic Nuclei: non-H
Attmts. (DACN)

Generic Cyclic Nuclei
(GCN)

Specific Cyclic Nuclei

(5¢CN)

S$pecific Functional

Group (FG)

Nonspec. Diatomics (ND)

Nonspec. Monatomics (I0M)

Hydrocarb. Radicals (HR)

Inorganic (IN)

Metal Cation (CN)

Inorganic Anion (AN)

Abnormal Mass (MASS)

General Metal (MF M)

Nonstructural (DATA)

Registry Number (RN)

4

Ml

KA

K3

mFE me

mME P

me

¢

e
AND
e

AND
NOT

Formuia
type

RESTRICTED

MOLECULAR FORMULA STATEMENT

Element
symbol

Exact
¢count

Lower
bound

Upper
bound

CONSTRAINTS

-

i

d
H
M6
O

p

N\

%
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EXAMPLE 2

Question

Retrieve all unsubsrituted monochydric acyelic alkanols that are not

primary in character and that contain from 5 to 8 € atoms,

Comment

The required family of alcohcols have molecular formulas in the Cg to

CB range, and contain a secondary or tertiary hydroxyl as the only functional
group.

Strategy

The key A-C=0 is used to require all responses to be totally acyclic.
Secondary and tertiary alcohol groups which are not attached to a ring
are tagged with the specific functional group keys FG8l and FG82 respectively;

true responses have been assigned one of these keys exactly once.

|
—C-0 —C-0
’ l
FG81 FG82
The only heterocatom in the molecular formula of true responses is the

single oxygen atom of the hydroxy group. Either the molecular formula statement

or the molecular formula key MF O 1 could be uged to specify this information.
The 1list length of MF O 1 is expected to be quite long, espectally in relation to
the number of compounds which respond to the structural fragment keys being used.
Since the MF 0 1 key is not expected to substantially reduce the number of responses
to the keys, and since this query requires a molecular formula statement anyhow,
it is more efficient to specify the oxygen count in the formula statement.

A~C=0 13 the longest key used in the query and is therefore assigned a
higher key designation (larger K number) than either of the keys with which it
is intersected. Since FGBl and FG82 are not intersected with each other, it is
immeterial which of the two receives the lower keydesignatiocon.

In conjunction with the above, the restrictions specified in the molecular
formula statement guarantee that all retrievals are true answers to the original
question. All members of the required family of compounds have the general formula

CnHLn+20 (n = 5-8), whic' can be specified in the formula statement as follows:
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{a) The RESTRICTED option is employed to assure that only the element
types C, H and O are present;

{b) the CONSTRAINTS option is used to require the hydrogen count to be
twice the carbon count plus two.

{¢) The carbon count is required to fall in the range S through 8,
while oxgen is required to have an exact count of one. The hydrogen count
has already been expressed in terms of the carbon count and need not be

stated explicitly,

Encoded Query

The query is assigned the name EG2. The "n and NOT n+l" strategy is
used to require responses to have been assigned either FG81 or FG82 exactly

one time, The input for query EG2 is

EG?2

Kl = FG81/ K2 = FG82/ K3 = A-C=p/

KEYS = K1 NOT 2Kl K3 OR K2 NOT 2K2 K3 §

FORMULA HILL / RESTRICTED C(5,8) H O(l) CONSTRAINTS H= 7?*C + 2 / &
END
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CIDS Query Coding Form

Query name: Eér Q,

QUESTION: ,— : .
wﬂumtauwaumﬁﬁﬂd‘MWNH%dM@
alhoets that are mat WMA% un Lharaelit amz,
Yo o to 8wl alamd.

Structural Representation Molecular Formula Specifications

m= 3-b, aiu
0 — (Q\)m)_ 0, Wb onfouralion CoHanmial

OH m=5-§

ENCODED QUERY:

Query name: = (& &
Keydefinitions: (Section III.)

KEYS = K| NOT 8Kl K3 OR
Ka NOT 4K K3 3

FORMUILA HiLL [ RESTRICTED (&%) H 0D
CONSTRAINTS H=a#e +a&/ §

DEFINE STRUCTURE (Section V.)
STRUCTURE =

END
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ITI.

v,

KEYS

User's Checklist of
Key Types

Key desig-
nation

CiDS code

Required
agsignmt.

Mol. Formula (MF)
Acyelic-Cyclic (A=C)
Extracyelic (EC)

Wumber of Cyclic Nuclei
{NCN)

Cyclic Nuclei; non-H
Attmts, (DACN?
Generic Cyclic Nuclei
(GCK)

Specific Cyclic Nuelei
(SCN)

Specific Functional
Group (FG)
Nonspec. Diaiomics (ND)
Nonspec. Monatomics (NM)
Hydrocarb., Radicals (HR)
Inorganic (IN)

Metal Cation (CN)
Inorganic Anion (AN)
Abnormal Mass (MASS)
General Metal (MF M)
Nonstructural (DATA)
Registry Number (RN)

K\

PN

K3

F&%l

Fega

RV RJ2 T
ond. v
R ,

Ll
omt !

Formula
type

RESTRICTED

Element
symbol

MOLECULAR FORMULA STATEMENT

count

Exact

Lower
bound

Upper
bound

CONSTRAINTS

S

HiLl yd

Q

H

O (

5

g
H

K¥F QO+ A

7
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EXAMPLE 3

Question
Retrieve all compounds tbat contain both a guanidine residue and a C-formyl

group.

Comment

The question demands two characteristic structural fragments: the formyl
group (bonded to carbon) and the guanidine residue. The fact that the user specifies
a minimum of three N, but does not mention the necessary one or more 0 has no bear-

ing on whether or not this information will be explicitly stated in the query,

Strategy

In terms of the CIDS keys, the structures of all responses must contain

(1) guanidine in any of the three environments tagged by CIDS keys, namely,

N i N
-N-C-N ---N-C-N--- A~ N-C-N ~
: :
1 1
FG74 or FG74R FG75 or FG7SR FG76 or FG76R

Since each of these fragments may or may not be attached to a ring, a total of six
keys are involved. If any one of these keys occurs one or more times, the guanidine
requirement is satisfied.

(2) a formyl group attached to €, which is tagged in CIDS by two keys (FG85
and FG85R) depending on whether or not the group is attached to a ring. Occurrence

of either of these keys one or more times satisfies the formyl group requirement,

Since the guanidine keys are expected tc be shorter thaan the formyl keys, the

lower keydesignations (K1 to K6) are assigned to the guanidines,

It is also known that the molecular formula of all responses will contain C, H,
three or more N and one or more 0. Since all compounds which respond to both a
formyl key and a guanidine key will meet these requirements, restatement of this

information in terms of either the MF keys or the MF statement is useless.

17
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Encoded Query

The query is assigned the name EG3. The inpur for this query i
EG3

Kl = FG74/ K2 = FG7T4R/ K3 = FGIS/ K4 = FGISR/

K> = FG76/ K6 = FGI6R/ K7 = FGES/ K8 = PGASR/

KEYS = (K7 OR K8) AND (K1 OR K2 OR K3 OR K4 OR K5 OR K6) S

END

¢

(]
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I1.

CIDS Query Coding Forn

Cuery pame: =£63

QUESTION: Waﬂ WWMWW%M@W

sudue and a Q= fnnq growfo.

Structural Representation

0

o 0 MW”KW

Molecular Formula Specifications

3 o, s N attmd

ENCODED QUERY:

Query name: (=G 3

Kaydefi{nitions: (Section TI1.)

kEvs = (K7 OR Hg) AND  (KI OR K& oR K3 oR KY OR H(J'
OR Kb ) ¢

FORMULA

DE¥INE STRUCTURE (Section V.)
STRUCTURE =

79
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Iv.

KEYS

User's Checklist of

Key desig- CiDS code Required
Key Types nation agsignmt.
Mol. Formule (MF) K1 FeT4 aNne
Acyclic-Cyvelic (A-C) SL
Extracyclic (EC) Srel [= 74 2 Al
Number of Cyclic Nuclei L
(NCN) v i Gl
Cyclic Huelei: non-H 53 ~&79 gl M?
Attmts. (DACN) (3
Generit Cyclic Nuclei Ky Fo7s R e !
{GCN) ’ S cr !
Specitic Cyclic MNuclei L . BT
i A Fe&7¢ ”
(SC) .
Specific Functional _ o i
Group (FG) b =& 76 R e i
Nongpec., Diatomics (ND) . '
Nonspec. Monatomics (NM) Ao
Hydrocarb, Radicals (HR) . 7 i
Inorganic (IN) K7 - 89 ¢kl
Metal Cation (CN) & {’
Inorganic Anion (AN) . e ) o .
. i
Atnormal Mass (MASS) }‘5 f’é% K UM "é
General Metal (MF M) i
Nonstructural (DATA) ]
Registry Number (RN) i
MOLECULAR FORMULA STATEMENT j
Formula  RESTRICTED Element Exact Lower Upper CONSTRAINTS :
type symbol count bound  bound

SU




EXAMPLE 4

Question

What C10H1602 compounds are on file that are esters of carboxylic acids

and contain a cyclopentene nucleus?

Comment

All responses must have the exact Hill molecular formula C10H1602' The
carboxylate ester residue need not be directly attached to the cyclopentene
nucleus,

Strategy

Two structural features are known to characterize true responses; a cyclo-
pentene nucleus (which CIDS tags with the specific eyclic nuclei key SCN32), and
exactl; one carboxyluate ester group. The ester group is tagged by either of two

structural fragment keys, FG96 or FGI6R, depending on whether or not the group is
attached to a ring.

0
ceea(—0—

SCN32 FG96 or FGY96R

The exact count of C, H and O in the Hill molecular formula could be speci-
fied either in the formula statement or with the molecular formula keys MF C 10,
MF H 16 and MF 0 2, all of which have average or longer keylists. Since the
cyclopentene key he. a short keylist, the number of responses to all of the
structural fragment keys must be relatively small, Therefore, it is faster to
test the formula of each response individually with a molecular formula statement

than to perform the intersections of the three molecular formula keys.

The cyclopentene key has the shortest keylist and is assigned the lowest
keydesignation. Since the two ester keys are '"ORed", their keylists are not
intersected in this query; therefore, it 1s immaterial which of the two receives

the lower keydesignation, regardless of their relative listlengths.

Since the restriction on the oxygen count in the molecular formula state-
ment eliminates compounds containing more than one ester group, the ''n AND NOT
n+l" strategy need not be used to require exactly one occurrence of the ester

keys.
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Besides specifying the exact courts of C, H and O in the Hill molecular
formula, the molecular formula statement also requires that no additional

element types be present by using the RESTRICTED option,

Encoded Query

The query is assigned the name EG4. The input for query LG4 is
EG4

Kl = SCN32/ K2 = FG96/ K3 = FG96R/

KEYS = K1 (K2 OR K3) §

FORMULA HILL / RESTRICTED C (10) H(16) 0(2) / §

END
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IT.

CIDS Query Coding Form

Query name: = 6’4

QUESTION: = pz 0, Oy Wmm Lo Afal ont

Structural Representation Molecular Formula Specifications

Wuet esritair

o s ([t

ENCODED QUERY:

Query name: &4
Keydefinitions: (Section III.)

KEYS = K0 AND (K3 0B K3 §

FORMULA HIL.L,/P\ESTRICTED o) (i) O(a)/ )

DEFINE STRUCTURE (Section V.)
STRUCTURE =

END
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KEYS

User's Checklist of
Key Types

Key desig-
nation

CIDS code Required

aggignmt.

tol. Formula (MF) K
Acyclic~Cyclic (A-C)
Extracyclic (EC)
Number of Cyclie Nuclei
(NCN) A
Cyclic Nuclei: non-H Fﬂél
Attmts, (DACN)
Generic Cyclic Nuclei
(GCN) K3
Specific Cyclic Nuclel
(sc)
Specific Functional
Group (FG)
Nonspec. Diatomics (ND)
Nonspec. Monatomics (NM)
Hydrocarb. Radicals (HR)
Inorganic (IN)
Metal Cation (CN)
Inorganic Anion (AN)
Abnormal Mass (MASS)
General Metal (MF M)
Nonstructural (DATA)
Registry Number (RN)

SCN 34 ne.
AND
Feq6 e,

-
0R T

F&96 R one

MOLECULAR FORMULA STATEMENT

Formula RESTRICTED Element Exact
type symbol count
e {0

H b
H\LL
' o | a

Lower Upper
bound  bound

CONSTRAINTS

s
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EXAMPLE 5

Question

Retrieve all pyridinemonocarboxylic acids and esters thar contain (a) a
total of not more than 12 C atoms, (b) no other heteroatoms, and (¢) no ad-

ditional substitutions on the pyridine nucleus,

Comment

The question defines a structural family (pyridinemonocsarboxylic acids and
esters) limited to members lying in a particular melecular formula range, Not

all of the molecular formula data supplied by the questioner need be explicitly

encoded in the query.

Strategx

All true responses must contain:

(1) exactly one occurrence of the pyridine nucleus, which CTDS tags with
a specific cyclic nuclei key, SCN&44; and,

(2) exactly one —002 (carboxyl) group attached to that nucleus, either as
the free acid or esterified. The CIDS keys for carboxylic acids and esters at-

tached to ring(s) are, respectively, FG94R and FG96R.

N 0 0]
R ] "
---C-0 -==C-0-
/
SCN&44 FG94R FG96R

As no heteroatoms other than those in the pyridine ring and the -CO2 group
are permitted, the Hill molecsilar formulas of all retrievals should contain
exactly two 0's and exactly one N. The molecular formula key lists for MF N 1
and MF 0 2 are both very lengthy, however, Since the structural fragment keys
alone will :everely limit the number of possible responses, it is not worth the

computer time required to search on the basis of these MF keys.
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Note that the keydesignations Kl, &2, ... are assigned in the expected

order of increasing length of the key lists.

In the Molecular Formula Statement, the RESTRICTED option can be exercisecd

since all responses must contain only C, H, N, and 0. The upper bound of 12

for carbon is specified, along with the exact count of one for N and two for 0.

Since all responses tc the keys will contain the required 6 or more C's, no lower

bound for carbon need be specified.

While the structural fragment keys have demanded a -CO2 group attached to

a ring, it is not nacessarily true that this group is attached to the pyridin-

ring (since additional hydrocarbon rings can be preseut). If desired, an atcw-

by-atom search could be performed to assure such an attachment. Since the cearboxyvi

may be attached to the 2, 3 or 4 postions of the pyridine, the minimum structural

fragments which will detect these isomers are

- N\ ,N_
/ ¢ o [ c
\\_//c-&-o--- . pe
o=g-o---

in wvhich all ring bonds are resonant.

For this question, however, the percent~gne of false responses is expectably

low, and their elimination by visual examinat .on of the printout of all responscs

to the keys and formula statement is a more economical procedure.

Encoded Query

The query is assigned the name EG5. The input for query EG5 is

EG5
Kl =
KEYS

S

CL44/ K2 = FGI4R/
K1 (K2 OR K3) §

K3 = FGY6R/

FORMULA HILL / RESTRICTED C( ,12) H N(1) 0(2) /$

END
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II.

CIDS Query fodinz Fu,n

QUESTION: (Regrucve all oygredontims WWM’?&L A0l and. 4LTLS Sat
nlavn @) et el m a Tetal /2. (atemd, @) po oo

bemsling and. (@) mo FEA Al JUAIL AL AT ot 216 >
rrungbley,

Structural Representation Molecular Formula Specifications
0 © st wrtave NOg end
N | 0-
F ¢-o8 cr  —(-0R G110 ¢ atoma . No At

ENCODED QUERY:

Query name: [= &5
Keydefinitions: (Section III.)

KEYS = Kl AND (K2 ok K3) §

FRMULA HILL | RESTRICTED e ,12) H  NGY 0(a) /¢

DEFINE STRUCTURE (Section V.)
STRUCTURE =
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Iv.

KEYS

User's Checklist of
Kevy Tvpes

Key desig-
nation

CIDS code

Required
cssignmt.

Mol. ¥ormula (MF)

Acyclic-Cyclic (A-C)

Extracvelic (EC)

Number of Cyvclic Nuclei
(NCN)

Cyclic Nuclei: non-H
Attmts, (DACN)

Generjc Cyclic Nuclet
(GCN)

Specific Cyclic Nuclei
(sCx)

Specific Functional
Group (FG)

Nonspec. Diatomics (ND)

Nonspec. Monatomics (NM)

Hvdrocarb. Radicals (HR)

Inorganic (IN)

Metal Cation (CN)

Inorganic Anion (AN)

Abnormal Mass (MASS)

General Metal (MF M)

Nonstructural (DATA)

Registry Number (RN)

(oY

KA

SciV 44

F 6 a4 R

Fé& 7t k.

ey (V.

MOLECULAR FORMULA STATEMENT

Formula
type

RESTRICTED

Element
symbol

Exact
count

Lower
bound

Upper
bound

CONSTRAINTS

c

H
N
0

1.
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‘keys, and prints out the number of items in the accession list

EXAMPLE 6

Each of the three parts a

separate question and will be treated as such in the discussion below
Question 6a
How many acyclic C-monocarboxylic acids are on file?‘

Comment 6a

The question is not concerned with outputting a particular family

of compounds, but only with obtaining statistics on the'iresence of

that family in the search file. Such statistics are genérally useful

in probing the quality of sizable files of compounds andiih'deciding
on the desirability of restricting or expanding a contemﬁiated query.
In this case, for example, if the number obtained in reSponse to 6a
were acceptably small, the structures could be pvinted out and the

answers to 6b and 6c obtained by visual examination.
Strategy

True responses must be totally acyclic, i.e., they must have been

assigned the A-C=0 key. In addition, they must contain exactly one

carboxylic acid group attached to carbong the specific functional group

- key for =COOH attached to carbon is FGY4,

0
it
-=-C—0

FG94

The design of the real time CIDS is such that when a query is

submitted, the system first performs the required combinations of the

» L.e.,
Since the family of acyclic
monocarboxylic acids is completely described by the above keys, the

the number of responses to the keys.

the total number of compounds in this class which are on file is

the number of items in the accession list,
As usual, the lower keydesignation Kl is assigned to the key expected

to have the shorter keylist, in this case, FG9%.

89
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Facoded Query

The query is assigu~d the name EG6a, The "n AND NOT n+1" strategy isg
used to require the carboxylic acid key to have bec¢n assigned to cach re-
trieval exactly once. The input for guery FCoa

EGGA

Ki = FG94/ K2 = a-C=f)/

KEYS = KI NOT 2Ki K2 §

©ND
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Query name: =G LA
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Structaral Rerrese

~tation

Molecular Formula Specifications
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- I1. PENCODED CVE

Query nane: ; r( /1.
‘ Fevdefinitions (Sect I11.)
KEYS = ~ioit o Al ka4
FOFMULA
1Y
DEFINE STRUCTURE (Section V.)}
STRUCTURE =
END
—
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I11. IK¥YS

o1 N Lo oo Required
o assignmt.

- ———

i «z-,uuzc‘fw

A

Exirtacvelic (n) !
Number of Cvelic Sucled
{-0NY
Cyclic ®uclei: won-u
Attmts EE , :
Generic Uvclic fuelen !
(GENY ! :
i Specific Cvelio tucleld ’ :
(50
Specific Functzunal
i Group [#iY ;

t Nongpae., iaroe

PR—

¥

e
-
~
{

i

N

~

et

J—

[

Nonspec. Monatoimics

Hudvacarb, Fudicals {
! oy sanic (i j
Hetal ¢ .o i o i ; § i
Tuorganis Anian (AL ! {
Abnoumal Mass (MA3S) i

i

] Geuezial #otal (MF M)
Nouslructural (DATA)
Registoy Numbet (RMN)

s o — e e e - —— o et N
1V. [MOLECULAR FORMULA STATEH

- Formula ReESTRICTED Eloneal Fxaot T.ower lipper " 3
: type ] couit: beonnd bouind
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EXAMPLE 6B

Question 6b

Retrieve those (acyclic C-monocarboxylic acids) that are saturated and

contain one or more halogens as the only other functional group.

Comment 6b

The search for halogenated alkanoic acids can be conducted on the basis
of many of the structural and molecular formula features which characterize

this family of compounds. The object.is to determine the minimum set of these

features which will successfully retrieve true answers.

Strategx

Structural features which are common to all members of the required

family of compounds are

(a) exactly one carboxylic acid residue not attached to a ring; CIDS tags
this fragment with the specific functional group key FG94. ---8-0 .

(b) the complete absence of rings, Totally acyclic compounds are tagged
in CIDS with the key A-C=0,

(c) complete saturation of all carbon-carbon bonds. The key ECl=0 tags
structures having zero carbon-carbon double bonds, while the key ECZ=0‘tags

structures having zero carbon-carbon triple bonds.

A single carboxyl is the only oxygen containing functional group permitted;
therefore responses must have been assigned the molecular formula key MF 0 2,
which has a very long keylist, Combination of the four structural fragment
keys as described in (a), (b) and (c) above is expected to obtain z sizable
number of responses. Since this number can be substantially reduced by demand-
ing only those compounds containing exactly two oxygens, the key MF O 2 is used
in spite of its long list length. Use of MF 0 2 has an added advantage in that

it guarantees that responses have been assigned the carboxyl key exactly once,
without having to use the'n and not n+l" strategy.

The only substitutions permitted on this family of acids are one or more

halogen atoms, Various techniques are available for stipﬁlating this information.
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First, one could use the six specific functional group keys (FG112' to FG117)

which tag all mono-, di-, and trihalogenated carbon atoms having no other

substitutions. Due to the lergth of the keylists and the complicated KEYS

logical expression that would result, use of these keys is not an efficient
method for demanding the required halogenation. A second technique employs
the four qualitative molecular formula keys for halogen MF F, MF C1l, MF Br
and MF I. Although fewer MF keys than FG keys are required, the MF keys

have even longer keylists than the FG keys involved; therefore, use of the
qualitative halogern MF keys is also an uneconomical approach. The third
technique demands the qualitative presence of the general halogen symbol X

in the molecular formula statement. By using the RESTRICTED option to insure
that C, H, 0 and X are the only element types present, and having already
required the two oxygen atoms to function in the carboxyl group, it is assured
that the halogen(s) present function in the required capacity, i.e., as sim-
ple substitutions on carbon atoms. Note that the exact ccunt of two for o,

having been stated in the keys, is not repeated in the molecular formula
statement.

Encoded Query

The query is assigned the name EG6b. The input for this query is
EG6B

K1l = FG94/ K2 = EC2=§/ K3 = ECl=g¢/

K4 = A-C=f/ K5 =MF 0 2/

KEYS = K1 K2 K3 K4 K5 §

FORMULA HILL / RESTRICTED C HO X / §

END
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II.

mory Cociag Form

Query ngre: &G &

8

QUESTION: 7

ol d {_w(zd.[{ﬁ‘u & gt ’é-g ISNCHCIE
{ I
Structural Representation Molecular Formula Specifications

ENCODED QUERY:

Query name: [Z 665

Keydefinitions: (Section I1T.)
KEYS = 4] 2 K3 4 55
FORMULA [ jL | RESTRICTEP C H

DEFINE STRUCTURE (Section V.)
STRUCTURE =

END
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I11.

Iv.

KEYS

User's Checklist of
Key Tvopes

-y i e

Key desig-
nation

CIDS code

Required
assignmt. .

Mol., Formula (MF)
Acyclic-Cyvclic (A-C)
Cxtracyclic (EC)

Number of Cyclic Tuclei
(NCN)

Cyclic Nuclef: non-H
Attmts. (DACY)
Generic Cyclic Suclei
(GCNY

Specific Cyclic Yuclei
(SCN)

Specific Functional
Group (FG)
Nonspec. Diatomics (ND)
Nonspec. Monatomics (NM)
Hydrocarb. Radicals (HR)
Inorganic (IN)

Metal Cation (CN)
Inorganic Anion (AN)
Abnormal Mass (MASS)
General Metal (MF M)
Nonstructural (DATA)
Registry Number (RY)

Kl

Fiwkyei

Y~

Formula
type

RESTRICTED

Element
symbol

MOLECULAR FORMULA-STATEMENT

Exact
count

Lower
bound

Upper
bound

CONSTRAINTS

HiLl

1

> (D
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EXAMPLE 6C

Question 6¢

Isclate those (saturated acyclic C-monocarboxylic acids containing un
or more halogens as the only other functional group) that contain only one

halogen, which is beta relative to the carboxyl,

Comment 6¢c
Responses to 6¢ are a special group of the halogenated alkanoic acids
which were retrieved in b, namely, those acids having exactly one atom of

halogen, that halogen being attached to a beta carbon.

Strategy

The structural characteristics of true responses are

(a) the complete absence of rings; responses must therefore have been
assigned the key A-C=0.

(b) exactly one carboxylic acid group, The specific functional group kev

for -COOH not attached to a ring is FG94,

(¢) exactly one primary, sacondary or tertiary monohalogenated carbon
atom, not attached to a ring, which CIDS tags with the specific functional
group keys FG112, FG113 and FGll4 respectively.

---C-X —C-X —C-X

FG112 FG113 FG114

The molecu. ar formula of each response must contain exactly one atom of

halogen and two atoms of oxygen. These requirements could be stated by demand-

ing retrievals to have been assigned the key MF O 2 plus one or more of the keys

MF F1l, M CL 1, MF BR 1 or MF I 1. All of these keys have very long list
lengths, Since the functional group keys tagging the halogenated carbon
(FG112-FG114) have relatively short keylists, it is considered more econcmical

to state the counts of oxygen and halogen in the formula statement than to use
these molecular formula keys.
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FG112, FG1l1l3 and FGll4 are the shortest keys used in the query and are

therefore assigned the lower keydesignations. Since these three are not inter-

sected with each other in this query, their ordering relative to each other
is immaterial.

The limitations imposed on the Hill formula by the molecular formula
statement also affect the structural possibilities of responses., Using the
RESTRICTED option to assure that the exact set of element types C, H, O and
X are present eliminates all compounds having functional groups containing
heteroatoms other than 0 and X. Demanding exactly one X and exactly two O
limits the O0- and X~ containing functional groups to exactly one -COOH and
exactly one of the three groups tagged by the keys FGLl12, FG1ll3 or FGll4.
Therefore it is not necessary to employ the '"n AND NOT n+l" strategy in the
keys logical statement to retrieve exactly one of any of these keys. Finally,
the CONSTRAINTS option, by demanding the relationship H = 2*C - 1 between

the hydrogen count H and the carbon count C, insures that all responses are
saturated.

If the query were terminated here, the output would consist of all mono-
halogenated alkanoic acids on file. The original question, however, demands
only those acids in which the halogen isiattached to the beta carbon. Since
the percent of responses to the keys and formﬁié statement which are not true
answers to the original question is expected to be substantial an A/A search
for the fragment O- 6 é-é X is conducted to identify all of the beta isomers.
Note that since the only oxygen atoms present are those in the carboxyl group,

only one of these 0 atoms need be explicitly searched for.

Encoded Query

e S R Ty S MV AR e
A : ST ! R KRR A R L 5

The query is assigned the name EG6c. The input for query EGéc is
EC6C

Kl = FG112/ K2 = FG113/ X3 = FGl14/

K4 = FG94/ K5 = A-C=¢/.

KEYS = (K1 OR K2 OR K3) AND K4 K5 $

FORMULA /RESTRICTED C H 0(2) X(1) CONSTRAINTS H=2% -1 /$
DEFINE STRUCTURE S1 = /1X12. 2C13-84. 3C14-86. 4C15-86.50./$
STRUCTURE = S1 § |

END

AN
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CIDS Query 7T~'Ine Foru

e A
Querv name: C Coe

UESTION: g ]
? %f(,(., E G- A

Structural Representation Molecular Formula Speciiicaticn:s

ENCODED QUERY:

Query name: (= & 6 O [
Reydefinitions: (Section IIL.) ‘

wkvs = (K1 O& K& 0R K3) AND KY 45 ¢

HitL | RESTRICTED @ H  G(&)

, ¥ (1) QONSTRAINTS
: H=ax e -]/

DEFINE STRUCTURE (Section V.)
STRUCTURE = St ¢

END
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III.

KEYS

User's Checklist of
Key Types

Key desig-
nation

CIDS code

Required
agslgnmt.

Mol. Formula (MF)

Acyclie=-Cyclifc (A-C)

Extracyclic (EC)

Number of Cyclic Nuclei
(NCN)

Cyclic Nuclei: non-H
Attmts. (DACN)

Generic Cyclic Nuclei
(GCN)

Specific Cyclic Nucledl
(sCN)

Specific Functional
Group (FG)

Nonspec. Diatomica (ND)

Nonspec. Monatomics (NM)

Hydrocarb. Radicals (HR)

Inorganic (IN)

Metal Cation (CN)

Inorganic Anion (AN)

Abnormal Mass (MASS)

General Metal (MF M)

Nonstructural (DATA)

Registry Number (RN)

Kl
K&
K3
K

K&

Fe
6113

F &4

Fé& 94

L.
OR.

Ine.
OR

onL.

AND
e
AND
il

MOLECULAR FORMULA STATEMENT

Formula
type

RESTRICTED

Element

symbol

Exact
count

Lower
bound

Upper
bound

CONSTRAINTS

HiLL

¢

R

H

= A% Q0 — /
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EXAMPLE 7

R
PR

Question

Retrieve all fluocarbons within the homologous benzenoid series C7H8——010H14.

Comment
True responses are derivatives of hexafluorobenzene in the C7- C10
formula range in which one or more of the fluorine atoms is replaced by a

perfluoroalkyl radical.

Strategy

e —

Since each member of this series of compounds contains a benzene
nucleus as the only ring system, retrievals are required to have been
assigned both of the structural fragment keys A-C=1 (which tags monocyclic

compounds) and SCN48 (which tags benzene nuclei).

Each substituting perfluorealkyl radical terminates in a -CF5 group.
If the substitution is the trifluoromethyl radical, the -CF5 is attached
directly to the benzene ring; in larger radicals, attachment is to an
acyclic carbon atom, CIDS does not tag the -CF, group specifically;
X

instead, the fragment ---C~-X in which the X's may be any three halogen

l
X

atoms is tagged with either of the specific functional group keys FGll7 or

] FG117R depending on whether or not the group is attached to a ring.

X
BN {
| --G-X
2 X
SCN48 FG11l7 or FGL1l7R

Since none of the structurai fragment keys requires fluorine 'in the

Hill molecular formula, the qualitative molecular formula key MF F is
demanded. Use of this key is considered preferable to using the formula
statement for demanding fluorine because the relatively short list length
of MF F is expected to eliminate a substantial number of the compounds

which respond to the other keys in the query.
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In the molecular formula statemeut, the RESTRICTED option is exercised
to require C and F to be the only element types in the Hill formula, while
the constraint F = 2%C — 6 necessitates the required relationship between
the counts of carbon and fluorine. Although the user has noted that from
seven to ten carbon atoms are required, only the upper bound of ten need be
explicitly stated since all responses to the structural fragment keys
contain at least seven C's. Since the fliuorine count has been expressed in

terms of the carbon count, no lower or upper bound for this element is specified.

Encoded Query

The query is assigned the name EG7. The input for query EG7 is

EG7
K1 = FG117/ X2 = FG117R/ ¥3 = MF F/
K4 = A-C=1/ K5 = SCN48/

KEYS = (K1 OR K2) K3 K& K5 §

FORMULA HILL / RESTRICTED C( ,10) F CONSTRAINTS F = 2*C - 6 /§
END

-

)
e Ry
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CT0S Query Coding Form

g . l Query nane; Egdj_“7
£ Lo JQURSTION: Py Tiwr o id f&xmdkéﬁw it | eemelegocs

—

Moleceular Formula Specificarions

{ ove, H
et W a

Structural Representa tion

e e
L - .

&
ﬂ‘\./ ! Ao - -

IZ. |ENCODED QUERY:

Query name: (= (&7

Keydefinitions: (Section III1.)

kEYs = (Kl OR ko) AND K2 kY K& §

FORMULA  {ILL [ RESTRICTED @ ( JibYy  E QONSTRAINTS
F= a%Q0 —¢ /#

DEFINE STRUCTURE (Section V,)
STRUCTLE =

END
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I11.

Iv.

KEYS

User's Checklist of

Key desig- CIDS code Required
Key Tvpes nation asgignmt,
Mol. Formula (MF) K =i L W
Acyelic-Cyeclic (A-C) OR
Extracyclic (EC) '

Number of Cvoliec Nuclei o e it R Ay S
C cliiNigile‘ non=-H ANO
y B 1 - o 2 DA F A
Attmts. (DACKN) M3 ‘ F ¢
Generic Cyvclic Nuclei AND

(GCN) At
Specific Cyclic Nuclei wd A== S
(SCN) AMD
Specific Functional K& 5CN L{g FHL
Group (FG)
Nonspec. Diatomics (ND)
Nonspec. Monatomics (NM) .
Hydrocarb. Radicals (HR)
Inorganic (IX
Metal Cation (CN)
Inorganic Anion (AN)
Abnormal Mass (MASS)
General Metal (MF M)
Nonstructural (DATA)
Registry Number (RN)
MOLECULAR FORMULA STATEMENT
Formula RESTRICTED Element Exact Lower Upper CONSTRAINTS
type symbol count bound  bound
J 10
HiLL Y F= &%Q -0
=
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EXAMPLE 8

Question

Retrieve any and all prega-4-enols and pregn—1,4~dienols with or with-
out additional functional groups.

Comment

All members of the two required families of steroids contain a minimum of 21

carbons and 1 oxygen, although no molecular formula specifications have been ex-
plicitly stated by the questioner,

nucleus are permitted.

Note that additional substitutions on the steroid

Strategy

The required structural features in terms of the CIDS keys are:

& . 1,4 ,
(1) one or more occurrences of either the /Q\-steroid nucleus or the A’ -steroid

nucleus; CIDS employs specific cyclic nuclei keys for each of these nuclei, SCN130

and SCN133 respectively.

(2) an -0H group on any of the 21 carbon atoms in the basic structural fragment.

The pertinent CIDS keys are FGBO (if the -OH is attached to 021), FG8OR (if attached
18

to C or Clg), FG81R (if attached to Czo), or FG83 (if attached directly to the

nucleus). Any one of these four keys occurring one or more times will satisfy the

-0H requirement,

Since the -0OH is permitted to be attached to carbons 18 througﬁi21, no hydro-
carbon radical keys can be stipulated.

In the molecular formula statement, a lower bound of 21 carbons is demanded,
since this is not necessitated by the keys. A minimum of one O need not be stipu-

lated since all responses to the -OH keys will meet this requirement.
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Cor ¢ |
L\f\\/ .
SCNIRO SCN133
| -~ A
-=-C-0 —~C-0 .
s
N
FG80 or FG8OR FGHIR F(83

Encoded Query

e

The query is assigned the name EGS8. The Lnput for this query is

EG8
K1l = SCN130/ K2 = SCN133/ K3 = FG80O/
K4 = PGBOR/ K5 = FG8IR/ K6 = FG83/

KEYS = (K1 OR K2) (K3 OR K4 OR K5 OR K6) &
FORMULA HILL /C(21, )/$
END
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Cadien Form

DEFINE STRUCTURE
STRUCTURE =

(Section V.)

END

Query name: Lo &
QUESTION: @Ud/bfi dnlt gmﬁ all. ﬁlu,trb Y - et Lu,({ @uq .- 4, .
d/u/;wéd L(,L(,M M LQ{(}(,{‘(—( am{/f7’di -Lu.} cletnan J Al
s f
Structural Repreqer‘tatinn Molecnlar ¥orma:la E;‘-'-::'-‘-—v o
e
(\ N 3
Y J\@Lﬁ.

o v el — 0 Qe ;lméz(,t'h,ii.ﬂ. l

a&ddmmﬁ Jéxu{hé’flz&;. %ﬁ,cutsu au.z ‘m,(,(uaf ¢ ;
ENCODED QUERY: ) -
Query name: E&S5
Keydefinitions: {Section III.)
KEYS = (KI OR %3) (M3 CR K4 0R ws CR kL)
FORMULA  H ILL /' elai, ) [ ¢ ‘
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Iv.

KEYS

User's Checklist of Key desig= CIDS code Required
Key Types nation agsignmt.
Mol. Formula (MF) Ml SCEN 130 onl.
Acyclic-Cyclic (A=C) OR
Extracyclic (EC) ey
Number of Cyclic Nuclei | na SCN (33 .
(NCN)
Cyclic Nuclei: non-H AND
Attmts. (DACN)
Generic Cyclic Nuclei
(GCN) K3 F& 80 A
Specific Cyclic Nuclei OR
(SCN)
Specific Functional KL} =~ GEOR o
Group (FG) Ok
Nonspec. Diatomics (ND) gl
Nonspec. Monatomics (NM) a™l F&si iR . 0f
Hydrocarb. Radicals (HR)
Inorganic (IN) e = &%3 o
Metal Cation (CN)
Inorganic Anion (AN)
Abnormal Mass (MASS)
General Metal (MF M)
Nonstructural (DATA)
Registry Number (RN)
MOLECULAR FORMULA STATEMENT
Formula RESTRICTED Element Exact Lower Upper CONSTRAINTS
type symbol count bound bound
21
H Ll ¢
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EXAMPLE 9

Question

Retrieve all derivatives of o-, m~-, and p- cresol in which the only
additional functional group is (a) either nitro or amino or acylamino and

(b) ortho- to the hydroxyl function.

Comment

While the individual structural features which characterize true
responses {(e.g., benzene ring, methyl group, amino group, etc.) are
relatively common, compounds containing the required combination of these

features in the proper juxtaposition constitute a very restricted family.

Strategy

The structural features which must characterize retrievals are
(a) a benzene ring, which CIDS tags with the specific cyclic nuclei
key SCN48;

(b) a hydroxyl attached to the ring, which is tagged by the specific
functional group key FG83 ; '

(c) a methyl group attached to the ring, tagged by the hydrocarbon
radical key HRI1R;
(d) either an amino group, a nitro group or an amido group attached

to the ring. The specific functional group keys for these fragments attached
to a ring are FG1l43R, FG1l54R and FG35R respectively.

The molecular formula of each true response contains exactly one atom
of N and from one to three atoms of O (one in the case of aminocresols,
two for amidocresols and three for nitrocresols). Since the structural
fragment keys in (a) through (d) above limit the number of potential res-
ponées to a relatively small number, and since the molecular formula keys
involved (MF N 1, MF 0 1, MF 0 2 and MF O 3) all have lengthy keylists, it
is more efficient to state the counts of N and O in the formula Etatement
qhap by using molecular formula keys.
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oo
(_ fo C-R
SCN48 FG83 HR1R
0 Q
" L]
—N -C-N- -N=0
FG143R FG35R FG154R

The three nitrogen-containing keys are all shorter than any of the
cresol keys (i.e., the phenyl, methyl and hydroxy keys), and are therefore
assigned the lower hkeydesignations K1, K2 and K3. Since none of the three

nitrogen keys are intersected with each other, their ordering relative to
each other is immaterial,

The molecular formula statement proves very useful in sliminating
compounds which contain functional groups in addition to those identified

in the question. Using the RESTRICTED option to limit the set of element
types in the Hill molecular formula to C, H, N and O eliminates compounds
having functional groups which contain heterocatoms other than N and O.
Demanding exactly one N assures that the only nitrogen containing func-
tional group present is the single amino, amido or nitro group which the
user has required, Stating the permitted range of one to three oxygen fails

most, although not necessarily all compounds with oxygen-containing functional
groups other than those permitted.

To insure that the phenolic -OH is ortho to the nitrogen-containing

functional group, an AfA search is ronducted for the fragment

- -

7/ C—0~
\ ———eee
\_,SL—NHV Ring resonant (type 4) bond

Note that only the smallest fragment which will identify the required iscmer

is tested for. O5ince a wiggly bond represents any number of any type bonds
or no bord at all, the nitrogen atom will match both the trivalent N in the

amino and amido groups and the pentavalent N in the nitro group.

111




'
!
Enceded Quer F Y
The query is assigned the name EGY9, The input for this gquery is .
§ EG9
| Kl = FG154R/ K2 = FG143R/ K3 = FG35R/
K4 = FGB3 / KS = SCN48/ K6 = HRIR/
KEYS = (K1 OR K2 OR K3) K& K5 K6 §
. FORMULA HILL / RESTRICTED C H N(1) 0(1,3) / % -
; : DEFINE STRUCTURE S1 = /IN12-8@. 2*C4%3-8, 3*Cl4-8p. 40./ §
b STRUCTURE = 51 §$ !
] END
; A
;i
! .
¥ -
i
|
'
|
| 1
. |
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CIDS Query (.iing Form

QUESTION: Retruwrve all 4U¢0Vd25%&d
whush g d?U%}.Adf nﬂ@;gﬁuhméz&utmau?
@) sehe 2o

Amunt ¢ R/WW

Qgsxx_nanuu_lngilﬁl.._
, and € aredol com

?/M‘( g @) lHhet miilie st
3@ S gttt Juneteos.

Structural Re presentatircn

CHy

(2
N%\fb NH& h}NHaGQ

Molecular Formula Specifications_ﬁ
lontaens € H
0714?

7
/‘\[/ 7] %6{7 L

ENCODED QUERY:

EG 9

Query name:

Keydefinitions:

(Section ITI.)

kevs = (Kl OR 152 0R K3) AND KU K5 Ko $

FORMULA HzLL/ RESTRICTED C H

N o(us)/#

DEFINE STRUCTURE
STRUCTURE = 5|

END

(Section V.)

\
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I1I.

Iv.

KEYS

User's Checklist of
Key Types

Vey desig-
nation

Ci1Ds code

Required
agsignmt,

Mol. Fornula (MF)

Acyclic-Cyvelic (A-O)

Extracyelic (EO

Number of Cyclic Nuclei
(NCN)

Cyclic Ruelei: non-H
Attmts. (DACY)

Generic (~vclic hunled
(Ce¥)

Specific Cyclic Nuclei
(SCN

Specific Functional
Group (IG)

Nonspec, Diatomics {XD)

Nonspec. Monatomics (XM}

Hydrocarb., Radicals (HR)

Inorganic (IN)

fetal Cation (CX)

Inorganic Anion (AXN)

Abnormal Mass {MASS)

General Motal (MF M)

Nonsrructural (DATA)

Registry Number (RXN)

[

i

M P
T

BN
xS

BN

[

SN

Formula RESTRICTED

type

Element
symbol

MOLECULAR FORMULA STATEMENT

Exact
count

TL.ower
bound

Upper
bound

CONSTRAINTS

i

Ul
1

@
H
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EXAMPLE 10

Question

Retrieve all phosphonothiolic acid esters that are members of the family
structured below:

q R = CHy or CZHS
R-%-S-(Cﬂz)n-N-R" R' = any 2-4 carbon alkyl
OI_Rl Rll! Rn =

R = CH3, CZHS or E--C3H7

Comment
The question demands retrieval of a family of compounds which differ from

each other in the hydrocarbon radicals attached to the functional groups. The

substitutions permitted at each location are stated exactly, and a general
molecular formula is provided.

Strategy

The A-C=0 key immediately limits responses to totally acyclic compounds.
In addition to being acyclic, every responsé must contain one phosphonothiolic

ester group and one tertiary amine group. The specific functional group keys

for these two fragments not attached to rings are FG202 and FG145.
The ester group is linked to the amino nitrogen by one of the three radicals

ethylene, trimethylene or tetramethylene. The hydrocarbon radical keys for these

fragments attached to two heteroatoms are, respectively, HR6EE, HR14EE and HR24EE.

o )
il |
---P-§--- ~N— ~EY-C-C-Ef~  ~E}-C-C-C-EQ~  ~EQ-C-C-C~C-Ef~
Q===
FG202 FG145 HR6EE HR14EE HR24EE

The only additional structural fragments in true responses are the alkyl

radicals attached to the ester and amino groups. Every radical permitted to

occur in true responses is tagged in CIDS by a hydrocarbon radical key; there-
fore, a query could be written demanding each combination of structural frag-
ment keys which characterizes a true response. However, such an approach would
result in a very long and cumbersome query.
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Analysis of the ques’ “on reveals that each response must contain at
least one methyl or one et 71 group attached to a heteroatom., In view of
the short keylist of the p sphonothivlate ester group, it is judged suffi-
cient to cite only the r hyl and ethyl keys explicitly., The remaining
radicals will be limited .y restricting the size of the molecular formula,

with final identification of true responses by examining the output.

C-Ei~ C-C-EX~
HRLE HR3E

Every response has exactly one atom of N, one P, one $ and two O, and
thus would have been assigned the molecular formula keys MF N 1, MF P 1,
MF S 1 and MF 0 2. Since, however, all of rhese keys have very long keylists,
especially velative to the phosphonothiolate key, it is more efficient to
state the formula restrictions in the molecular formula statement than with

these MF kays,

Keydesignations are assigned in the expected order of increasing length
of the keylists. Since the phosphonothiolate key has such a short keylist
and since the restrictions in the formula statement further limit the frag-
ments that can occur in responses, it is not necessary to use the ''n AND NOT

n+l" strategy to demand exact occurrences of any of structural fragment keys.

Besides stating the exact count for N, O, P and S, the molecular formula
starement also demands that C and H be the only additional element types
present, The permitted range of 7 to 14 carbon atoms is stated, and the
relationship H = 2*%C + 4 between the hydrogen count H and the carbon count C
is required. Since the H counrt is thereby expressed in terms of the carbon

count, no count for hydrogen need be stated explicitly.

Encoded Query

The query is assigned the name EGl0., The input for query EGIlO is

EGl¢
K1 = FG2¢2/ K2 = FG145/ K3 = A-C=¢)/ K& = HR24EE/
K5 = HR14EE/ K6 = HR6EE/ K7 = HR3E/ K8 = HRIE/

KEYS = K1 K2 K3 (K& OR K5 OR K6) (K7 OR K8) $
FORMULA HILL / RESTRICTED C.(7,16) H N(1) 0(2) P(1) 8(1)
CONSTRAINTS H = 2%C + &4 / §

END
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Querv name: (=

QUESTION: "% trccare all phos 1 ThHer. G L Jicsd Afat ane.
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Structural Representation Molecular Formula Speciiications
. LR - o
5 — i - N . e
R—=P—5 N \"l\l)m. N T~ R M F gy e
! 5 f
O- K N = a-4

A= (‘,Hg Ob@,&Hj— R'= a/ma(-i-“% G&MLJU%L
DRV = QU Caly v m- O, H,

ENCODED QUERY: T

Query name: E 6 [ O
Keydefinitions: (Section I1I.)
KEYS = KI KA K3 (K4 OR K5 OR Hf,,}AND(m cR <€)

i

FORMULA H(LL/RESTR)CTED a(1,06) H NG 002D () s{i)
LONSTRAINTS  H = ax o + 4 /’¢

DEFINE STRUCTURE (Section V.)
STRUCTURE =

END
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I11. |KEYS
User's Checklist of Key desig- CIDS code Required
Key Tvpes nation assignmt,
Mol. Formula (MF) K| F & QL8 Yy v
Igci'cljc-.clj%'cli‘;(‘)(r\-c) i ND
xtracyclic (EC
Number of Cyvclic Nuclei HJ F & 1’45 ol
(NCN) HN
Cyclic Nuclei: neon-H . A . ;
Attmts. (DACY) SENN I A-C=F oL
Generic Cyclic Nuelei AND
(Gex) 44 HRAY4EE e
Specific Cyelic Nuclei or
(scx) pE MR IHEE me
Specific Functional OF
Group (FG) . — -
Nonspec. Diatomiecs (ND) Kb HRGEE ‘nL
Nonspec. Momatomics (NM) /VD
Hydrocarb. Radicals (HR) A
Inorganic (IX) , ) p
Metal Cation (CX) K HR 3 & R
Inorganic Anion (AN) OF
Abnormal Masg (&ASS) P HRIE wzZs
General Metal (MF M)
Nongtructural (DATA)
Registry Number (RN)

IV. IMOLECULAR FORMULA STATEMENT

Formula  RESTRICTED [Element Exact Lower Upper CONSTRAINTS
type symbol count bound bound
B /6

H=4+0 + ¢

HH,L 13147

(Au@}t@
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EXAMPLE 11

Question

Identify all Ring Index type structures on file, in any state of hydro-
genation, that consist of one molecule of either quinoline or isoquinoline

in either ortho or orthu-peri-fusion with benzene.

Comment

The user requires all unsubstituted three-ring nuclei resulting from the

fusions described, regardless of the number of double bonds.

Strategy

The key DACN = 0 tags each cyclic structure having no direct attachments
other than hydrogen, Structures which are assigned this key therefore consist

of a single unsubstituted cyclic nucleus.

Having limited retrieved structures to a single nucleus, the generic cyclic
nuclei key GCN2 = 6,6,6 is demanded to require that nucleus to consist of three
six-membered rings. Two of these rings have the formula C6 and are tagged with

the key GCN3 = C 6; the third ring has the formula CBN, and is tagged with
GCN3 = C5 N1.

Depending on whether the benzene and quinoline (or isoquinoline)_systems
are ortho- or ortho—pdri-fused, the complete skeleton of the fused nuclei will
have either of the formulas ClZN or C13N, and will be tagged with the generic
cyclic nuclei keys GCN4 = C 12 N 1 or GCN4 = C 13 N 1 accordingly. Demanding

retrievals to have been assigned one of these keys_eliminates various structures

such as
s -

Keydesignations are assigned in the expected order of increasing length of
the keylists,
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Encoded Query

The query is assigned the name EGll.

EG1)
Kl
K&
KEYS

END

L

it

DACN=@/ K2 = GCN&4=C 12 N 1/ K3 = GCN4 =C 13 N )/
GCN2=6,6,6/ K5 = GCN3=C 5 N 1/ K6 = GCN3=C &/
= K1 K4 K5 2K6 (K2 OR K3) §
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CIr. Cuaery

Coding Form

. Query nagg: . E éf//
T UETION: Datnfy all % CLutticsld o file, e
Gl of Wwfc m iy bl sidss
W wamtlinl ¢ s1tdy - ’e/ P - p Sesten ool
L%?[O‘Lf.
Structural Representation Molecular Formuila Specifications
é mfmaw-ﬂ : Shtctin molteular
\ O /O\j zgmmd,at (m/ MU D =
@@;@j s CoN v G0
II. |ENCODED QUERY:

Query name: £ & //
Keydefinitions: (Section I1I.)
KEYS = Pﬁ} ‘<;4

FORMULA

DEFINE STRUCTURE
STRUCTURE =

(Section Vv.)

END

KE a4kt (42 0R K5) &
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I11.

IV.

KEYS

User's Checklist of

Key desig- CiDS code Required
Key Types nation assignmt,

Mol. Formula (MF) Kl DACN = O il
Acyelic=Cyclic (A-C) AND
Extracyclic (EC)
Number of Cyclic Nuclei , _ sl

oy e KA GANY = ¢ N

(KCK) OR
Cyclic Kuclei: non-H s
Generic Cyclic Nuclei f* ,

(GCN) ND
Specific Cyclic Nucledi

(sCN) KU | GenNa= b,b,06 e
Specific Functionel 3

Group (FG) MV
Nonspec, Diatomies (ND)
Nonspec. Monatomics (NM) K& N3 = O 5 N/ il
Hydrocarb. Radicals (HR)
Inorganic (IN) A ND
Metal Cation (CN) . :
Inorganic Anion (AN) b GenNs3 = Qb o 7%
Abnormal Mass (MASS)
General Metal (MF M)
Nonstructural (DATA)
Registry Number (RN)
MOLECULAR FORMULA STATEMENT
Formula RESTRICTED Element Exact Lower  Upper CONSTRAINTS
type symbol count bound bound
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EXAMPLE 1.

Question
What compounds are on file rhat contain, in any state ot hvdrosenation,
any form of the CAO'Cé ring system other than those that have specilic adi-

vidual CIDS codes?

Comment

Retrievals are required to contain any member of the C,O-Cb family of
&
eyclic nuclel cxcept those more commonly occurring

specific CIDS keys.

ones which are tagged with

Strategy
A particular set of cyclic nuclei such as the CQO-Cﬁ family can be retrieved

by demanding the appropriate set of generic cyclic nuclei (GCN) keys, which tag

six types of structural features of ring systems.

All CAO_C6 nuclei are assigned the key GCN2=5,6 which tags each cyclic
nucleus consisting of one five-membered ring and one six-membered ring. The
particular family of nuclei demanded in this query all have the total skeleton

molecular formula CSO’ and therefore are vagged with the key GCN4= C8 0l. The

five-membered CaO ring in each nucleus is assigned the key GCN3= C4 0l,

Like the Cao ring, the C6 ring in each nucleus is also tagged with a GCN3

key which could be demanded in this query, The 06 key also tags such commonly
occurring nuciei a. benzene, quinoline and naphthalene, and is therefore expected

to have a much longer kcylist than any of the three GCN keys already demanded.

Since the 06 key is expected to require a considerable amount of time to elimi-

nate only a few false drops, its use in this query is not considered worthwhile,

To eliminate the four CAO-CS nuclei tagged with specific CIDS keys, re-

trievals are required not to have been assigned the keys SCN83, SCNB4, SCN85
and SCNB6.
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SCN83 SCNB4
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NG

SCNBE SCN86

Key designations are assigned to the keys in expected order of increasing
list length.

Since the key GCN3= C8 0l necessitates at least 8 carbons and 1 oxygen
in the molecular formula, no molecular formula keys or statement need be
employed in thig query,

Encoded Query

The query is assigned the name EG12, The input for this query is
EGl2

K1 GCN4= C8 01/ X2 = GCN3= C 4 01/
K3 = GCN2= 5,6/ kK4 = SCNB83/ X5 = SCN8¢ /
K6 = SCN85/ K7 = SCN86/ '

KEYS = K1 K2 K3 NOT K& NGT K5 NOT K6 NOT K7 §
END

]
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LS Query Coding Form

Query ﬁanc £?(3—/ul/
I. [QUESTION: /4 -» @m{jwcgg AL W M Lo | ~om Aoy gtz

%%Wam dm&fom%%b @,#O C, AML%JW% Lare

Gl have wndividual QDS esdes

Structural Representation

Molecular Formula Specificationsg
(lcvmg¢¢¢»¢¢aﬂ/‘f@zﬁwy7¢? d/?ﬁy. qu C’

@JGQ w@i

| II. |ENCODED QUERY:

Query name: E G 1
Keydefinitions: (Section I1I.)

KEYS = Ki K& K3 NOT KY NOT K& NoT Kb NOT K1 #

FORMULA

‘ DEFINE STRUCTURE (Section V.)
‘ STRUCTURE =
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Iil.

Iv.

KEYS

User's Checklist of

Key desig- CIDS code Required
Kay Types nation assignmt,
Mol. Formula (MF) Kl anNy = ¢ 0/ L
Acyclie-Cyclic (A-C) AND
Extracyclic (EC)
Number of Cycliec Nuclei M2 GEN3 = QL{ 01 ke
(NCN) ANMD
Cyclic Nuclei: pron~H
Attmts. (DACN) K% GeNA = J,6 sl
Generic Cyclic Nuclei AND
(GCN) ) NOT
Specific Cyclic Nuclei K‘T SCNE3 !
(SCN) AND
Specific Functional K5 SCNTH4 NOT
Group (FG) /(M}j)
Nonaspec. Diatomics (ND) —
Nonspec., Monatomics (NM) Ki SCN 85 NeT )
Hydrocarb. Radicals (HR) AND
Inorgenic (IN) ‘- Sci §6 Ve
Metal Cation (CN) ﬁ’/ 4 W
Inorganic Anion (AN)
Abnormal Mass (MASS)
General Metal (MF M)
Nonstructural (DATA)
Registry Number (RN)
MOLECULAR FORMULA STATEMENT
Formula RESTRICTED FElement Exact Lower Upper CONSTRAINTS
type symbol count  bound bound
/’//’//;
722%
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EXAMPLE 13

Question

Retrieve all salts of N-alkylated isonipicotic acid esters.

Comment
The question requires the distinction of piperidine-4-carboxylic esters from
the isomeric -2- and -3- analogs. 'Only the two substitutious which appear in the
structural specifications are permitted on the piperidine ring. Note that the

query employs molecular formula déta, although none has beéh provided by the

questioner,

v

Strategy

The required family of cempounds contains two characteristic structural

fragments:

(1) the piperidine ring, tagged by a specific cyclic nqclei key SCN45, and,

(2) a carboxylate ester group attached to a ring; for.which CIDS provides
the gpecific functional group key FGI96R.

Since unlimited substitutions are permitted on the R' moiety of the ester,

each-of the above keys can occur one or more times.

The Hill formula of each true answer reflects not only the substitutions
on R', but also the particular brganié‘of’inorganic acid:éddended to the
ester. Therefore the onlyxrequirements that could be imposed by the MF keys
are the qualitative presence of N or O (by demanding.ggg_MF N b and not MF 0 0).
Since the presence of thesé elemeuﬁs alread& results from the more restric-

tive structural fragment keys cmployed, it is not necessary to use any mole-

v

cular formula keys in this query.

N 0
= ]
| “==C—0—
/ .
SCN45 FGI6R
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The lower keydesignation K1 is assigned to the piperidine, since that ring
is expected to have a shorter keylist than the ester group,

In addition to the total (Hill) wmolecular formula, the records of each true

answer must contain an addend molecular formula for the basic (i.e., the piperidine-

carboxylate) portion of the total compound and an addend molecular formula for the

acidic portion. To eliminate responses to the keys that lack an addend formula,
and to help to insure that both the piperidine ring and the ester group are parts
of the same structure, a formula statement is employed requiring the presence of

an addend molecular formula having the following characteristics:

(1) a minimum of eight carbon atoms (five for the piperidine ring, one for
the carboxylate, and one for each of the R and R' substitutions);

(2) a minimum of one N and two O.

To insure that the piperidine ring has only the required substitutions, and
that these substitutions are situated at the one and the four positions of the
piperidine ring, an A/A search is performed. Note the numbering of the atoms of
the fragment., Although all responses to the keys will have a nitrogen atom in a
piperidine ring, not all will have a substitution at this atom. Therefore, the
N is considered the atom in the fragment least likely to occur in responses to

the kxeys and is assigned number one.

Encoded Query
The query is assigned the name EGl3. The input for query EC13 is
EG13

K1 = SCN45/ K2 = FG96R/

KEYS = K1 K2 §

FORMULA ADDEND / C(8, ) N(1, ) 0(2, )/ §
DEFINE STRUCTURE S1 = /1*N12-1%3-1%1f.
2C8@, 3*C1l*4. 4*CI*S, 5%C16-1%9,
6C27-18. 70. 801¢. 9*Cl*1@, 1#*C./$
STRUCTURE = S1 §$

END
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ety loding Form

I. |QUESTION: . Q‘;erﬁ——v name: ‘LE("’VL--—-:j
' Retrccee atl «mii/ c% N - d’&(!ffﬂdzé Mm(o/ja,w»%c atcd
,zazu,

Structural Rupfesentation .. {Molecular Formula Specifications

~ R - N o./vué o.Lk»A/E o
’\‘J R'= e audatitinti ol
o el aw%wmmmﬁ _
/u,rd/m'a whort hadital |
0=0-0-R'
- —

ENCODED QUERY:

Query name: 56’13
Keydefinitions: (Section III.)

KEYS = K| KA §

romma ADDEND /€ (8,) N, ) 0(3,) / $

DEFINE STRUCTURE  (Section V.)
STRUCTURE = S| §

END
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% WL 10 s e _ ,,, P ; .
|
[
!
]
'

User's Checklist of
. Key Types

Key desig-
nation

CIDS code

Required
assignmt,

Mol. Formula (MF) all

Acyclic-Cyclic (A-C)

Extracyclic (EC)

Number of Cyclic Nuclei
(NCN)

Cyclic Nuclei: non-H
Attmts. (DACN)

Generic Cyclic Nuclei
(GCN)

Specific Cyclic Nuclei
(scN)

Specific Functional
Group (FG)

Nonspec. Diatomics (ND)

Nonspec. Monatomics (NM)

Hydrocarb, Radicals (HR)

Inorganic (IN)

Metal Cation (CN)

Inorganic Anion (AN)

Abnormal Mass (MASS)

General Metal (MF M)

P : Nonstructural (TATA)

Registry Number (FN)

K&

| xR S

SCNys

F& 9% R

e
AND

Fnt 4

1V. |MOLECULAR FORMULA STATEMENT

Formula '~ RESTRICTED

type

Element
synbul

Exact
count

Lower
bound

Upper
bound

CONSTRAINTS

G
] BWEND

N

g
l

vy

P,
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a
- 1
V. JATOM-BY-ATOM SEARCH b
Structure(s): Lo~ - .
0 1 i ,
H \ N i
8! 0=¢-G~
! Structure Structurespecification No. of !
g name Occurrences ; :
¢ X [ % NVA— Lk - | #1F, Py o
Fl Q0% 2. i
- 3*@-1*"}'0 3
11 JXQI %k . TR — (%9, '
L 0a1-1%, :
T0. 8O0ig. Qw0 i*ig,
¥ % Q, .
o .
, £
i
1
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I11. §KEYS

User's Checklist of
Key Types

Key desig-

nation

CIDS code

Required
assignmt,

Mol. Formula (MF)

Leyelic-Cyclic (A-C)

Extracyclic (EC)

Number of Cyrlic Nuclei
(NCN)

Cyclic Nuclei: non-H
Attmts. (DACN)

Generic Cyclic Nuclei
(GCN)

Specific Cyclic Nuclei
(5CN)

Specific Functional

i Group (FG)

: Nonspec. Diatomics (ND)

Nonspec¢. Monatomics (NM)

Hydrocarb. Radicals (HR)

Inorganic (IN)

Metal Cation (CN)

Inorganic Anion (AN)

Abnormal Mass (MASS)

General Metal (MF M)

Nonstructural (DATA)

Registry Number (RN)

o

Hi

Ka

SCNGS

&9 R

N
AND

nt—

MOLECULAR FORMULA STATEMENT

Formula '~ RESTRICTED

type

Element
symbol

Exact
count

Lowe

bound

T Upper

bound

CONSTRAINTS

Q

) | }BDUEND N

g
|

8
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Structure(s):

Structure
name

ATOM-BY-ATOM SEARCH

0%¢-0-

Structurespecification

No. of
Occurrences
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EXAME. © 14

Question

Retrieve isethionic acid and any of i*s organic or metal salts.

Comment

The user is concerned with an organic acid and compounds in which it
functions either in addend or anionic capacity.

Stratepy

In terms of the CIDS keys, isethionic acid and its ani»n copsist of
the following structural fragments: '

(a) either a sulfouic acid group or a sulfonate anion attached to
an acyclic carbon, which CIDS tags with the specific functional group
key FG223, This same key is also assigned to sulfonic acid esters,

(b) ap ethylene group between two hetercatoms, which CIDS tags
with the hydrocarbon radical key HR6EE;

(c) a primary alcohol group attached to an acyclic carbon, to which
CIDS assigned the specific functional group key FGBO.

0
[
-xC=0 AV EL-C-C-E1 ===8-0--=
”
0
FG80 HR6EE ¥G223

The isethionic acid molecule or the isethiorate anion in each true
answer is a totally acyclic stfucture, and responser are therefore required
to be assigned the zero cyclic nuclei key NCN=0, This NCN key must be
used rather than the A«C=0 key since the NCN keys tag the number of cyclic
nuclei in each structure, while the A« keys are based on the number of
rings in a total compound. While true answers to this question must
contain the acyclic isethionate structure, they may contain cyclic moieties
elsewhere in the compound, thus makirg A-C#Q.

The utility of including the key NCN=0 in this query might be ques-
tioned because its keylist is so much longer thanm that of the sulfonic
acid key, However, in order *o fail as many compounds as possible beforc
condu:ting the A/A search which this query requires, it is preferable to

make use of atl available keys.
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Keydegignations are assigned in the expected order of increasing list
length. Since the question places no restrictions on the structure of any
cations or addends which may be present, it is possible for each of these

keys to have been assigned to true answers more than once. - |

To insure thal tae structure to which the ethylene, alcohol and isethionic

acid keys are assigned is actually isethionic acid and to eliminate isethionate ! 1
esters, an A/A search is conducted for the entire acid, 2 This X ;
pit 0-C-C-8-0. :
P o |

fragment retrieves the isethionate anion as well as the free acid, even though
| the sulfonic acid group In the fragment 1s not charged.

|
4
i Encoded Query
‘ The query is assigned the name EGl4, The input for this query is .
EGl4

! Kl = FG223/ K2 = FG8J/ K3 = HR6EE/ K& = NCN=p/
' 4
k' KEYS ~ K1 K2 K3 K4 $ *

DEFINE STRUCTURE S1 = /15812-25-26-17 2Cl3. 3Cl4, 40, 50. 60, 70./ $
STRUCTURE = S1 §
END




IR Resappers SRS SIPIRIEE M S

CIDS Query Coding Form

| - | uery sanes EG 1Y
‘ 1. |QuUEsTION: Rtsent wnhionie ok dnd ”‘? ;Z(Mauxa/ma Y

Structural Representation RHolecular Formula Specifications

q !
HO- Q= GH,—S-OH  fbws wddonel

’ O 0.

E | W’ZGMMLM/ pls He Q- U s',"; 0~
é Q07n52toon4ﬁJ

II. ]ENCODED QUERY:

Query name: = ({4
H . Keydefinitions: (Section III.)

kevs = Kl KA K3 K4 §

FORMULA

DEFINE STRUCTURE  (Section V.)
STRUCTURE = S| §

135

L e L e ST v T




I11.

Iv.

KEYS

User's Checklist of
Key Types

¥ey desig-
nation

CIDS code

Required
assigonmt.

Mol, Formula (MF)

Acyclic-Cycliic (A-C)

Extracyclic (EC)

Number cf Cyclic Nuclei
(NCN)

Cyclic Nuclei: non-H
Attmts, (DACN)

Generic Cyclic Nuclei
(GCR)

Specific Cvelic Nuclei
(8CN)

Specific Functional
Group (FG)

Nonspec. Diatomics (ND)

Nonspec. Monatomics (NM)

Hydrocarb. Radicals (HR)

Inorganic (IN)

Metal Cation (CN)

Inorganic Anion (AN)

Abnormal Mass (MASS)

General Metal (MF M)

Nonstructural (DATA}

Registry Number (RN)

K
AL

43

Feca3 3

F &8

HRLCE

NEN = ¢

e
AND

(né
AND
me
AND
oL

Formula
type

RESTRICTED

Element
symbol

MOLECULAR FORMULA STATEMENT

Exact
count

Uppér
bound

Lower
bound

CONSTRAINTS

v
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ATOM-BY-ATOM

Structure(s):

Structure
name

SEARCH

Structurespecification

Ne,
Oceurrencs:

5l

IS 1A—Q5-26—17.

acei3,
3014
4 0.
s 0.
L O
70.

Lagy W
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EXAMPLE 13

Question

Retrieve all alkylpyridinium compounds of the type !

« anion (organic or inorganic)

1
Comment

The user requires all N-alkylpyridinium salts, regardless of the nature

of the associated anion. No additional substitutions on the pyridine nucleus

are permitted.

Strategy

True responses contain a pyridine nucleus, which CIDS tags with the spec-

ific cyclic nuclei key SCN44, This key is assigned regardless of whether or

not the nucleus is charged., Responses must also have been assigned the speci-

fic functional group key FGl46, which tags each positively charged nitrogen
atom in a ring.

N r
X TNt
B i
o L ~ 7
SCN44 FGl46

The substitution at the nitrogen atom is always acyclic, and no additional
substitutions on the pyridine ring are permitted. Therefore, each retrieval k
must have been assigned both NCN= 1, which tags structures having exactly one
cyclic nucleus, and DACN= 1, which tags structures in which the total number
of non-hydrogen attachments to fhe ¢yclic nucleus is one, However, since every
structure assigned the key DACN= ] must have exactly one cyclic nucleus, the -

NCN= 1 key provides no additional information and thus is not demanded in this
query.
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As evident from the structure, the molecular formula of each true answer
must contain at least one N and six C; however, since all responses to the
pyridine key contain at least one nitrogen and five carbons and, in virtually
all cases, the positive charge on the FGl46 nitrogen atom is the result of
attachment to carbon, no molecular formula keys or formula statement are
required.

The keydesignations K1 through K3 are assigned to the keys in the expected
order of increasing list length, Since no restrictions are placed on the anion,

all keys are permitted to occur one or more times.

Encoded Query
The query is assigned the name EGL5. The input for this query is
EG15

Kl = FGl46/ K2 = DACN= 1/ K3 = SCN&4/
KEYS = K1 K2 K3 §
END
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e ) '_1‘4 e
CID3 Query Coding Form
E?éi‘/€>

QUESTION: (Dotrume il WW WW

Qo ey

Structural Representatfon

R

N

'Holecular Formula Specifications

II. |ENCODED QUERY:

Query name: Eé‘ /5
Keydefiniticns: (Section III.)

RKEYS = || Ko K3 4

FORMULA

DEFINE STRUCTURE (Section V.)
STRUCTURE =

END
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III.

T

v -

i T

KEYS

User's Checklist of
Key Types

Key desig-
nation

CIDS code

Required

assignmt.

Mol, Formula (MF)
Acyclic=Cyclic (A=C)
Extracyelie (EC)

Rumber of Cyclic Nuclei
(NCN)

Cyclic Nuclei: non-H
Attmts., (DACN)
Generic Cycliec Nuclei
(GCN)

Specific Cyclic Nuclei
(SCN)

Specific Functional
Group (FG)
Nonspec. Diatomics (ND)
Nonspec. Monatomics (NM)
Hydrocarb. Radicals (HR)
Inorganic (IN)

Metal Cation (CN)
Inorganic Anion (AN)
Abnormal Mass (MASS)
General Metal (MF M)
Nonstructural (DATA)
Registry Number (RN)

il

Ka

K3

F&ide

DACN = |

SCN Yy

Al
AL
End
AND
NL_

Formula
type

" RESTRICTED

Element
symbol

MOLECULAR FORMULA STATEMENT

Exact
count

Lower
bound

Upper
bound

CONSTRAINTS
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EXAMPLE 156

Questioa

Retrieve all compounds of the class structured below in which the hetero-

nucleus is either pyrrolidine or piperidine.

o 0 V
. R il R=CH, or C_H
b 4 0~C—R’ 325 ‘
f Re :;(,—”’ R'=any acyclic hydrocarbon radical
e \ —7\]1"
~ -

- R'"=cyclopentyl or cyclohexyl

Comment

The user is interested in a typical Markush family of compounds with all
features of structural variability clearly stipulated.

Stratepgy .

Retrievals are required to contain the following structural fragments:
(a) either a pyrrolidine or a piperidine nucleus, which are tagged in

CIDS with the specific cyelic nucleus keys SCN26 and SCN45, respectively;
(b) either a cyclopentane nucleus or a cyclohexans nucleus; these

two specific cyclic nuclei are tagged witlh: the keys SCN31 and SCN49;

e e p—— e~

(c) a carboxylate ester group attached to a ring, which is tagged
with the specific functional group key FG96R,;

(d) either a methyl or an ethyl radical attached to the nitrogen of
whichever heterocycle (pyrrolidine or piperidine) is present. Since attach-
ment is to a hetercatom that 1is also a ring atom, the methyl group is

assigned both HRIE and HRIR and the ethyl group is assigned both HR3E and

HR3R.
N N

() ]

SCN26 SCNa5 SCN31 SCN49

===C 0= C—El"v C-C-El~~ C-C-R

FG96R HR1E HRIR HR3E HR3R
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Responsecs are permitted to contain only two cyclic nuclei and are there-
fore assigned the key NCN = 2, Since these two nuclei have a total of four

nonhydrogen attachments, responses are also tagged with the key DACN = 4,

The molecular formula of each true answer has been assigned the moleculur
formula keys MF N 1 and MF 0 2, both of which have very long keylists.
Since relatively few compounds are expected to respond to the7§ombinations,of
structural fragment keys demanded, the molecular formula requirements can be

tested for more efficiently with a formula statement than with these two molec-

ular formula keys.

Keydesignations are assigned in expected order of incrgasiﬁg 1iSt1ength.

In the molecular formula statement, the RESTRICTED optidﬁ'is\used to
require the Hill formula to contain only the elemenﬁ types C:JH;“N'and 0, .
and che exact counts of one nitrogeﬁ and fwo oxygené are speéified. Thus,
all compounds containing heteroatoms in addition to the one N and two O are

failed, and the R and R' substitutions are automatically hydrocarbon radicals,

Encoded Query

The query is assigned the name EGl6. The input for this query is:

EG16
Kl = SCN31/ K2 = SCN49/ K3 = SCN26/ K& = SCN45/
K5 = FG96R/ K6 = DACN= 4/ K7 = NCN= 2/ K8 = HRIE/

K9 = HRIR/  KIO = HR3E/ K11l = HR3R/ ‘ :
KEYS = (KL OR K2) (K3 OR K4) K5 K6 K7 (K8 K9 OR K10 Kl11) $
FORMULA HILL / RESTRICTED C H N(1) 0(2) /$

END
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CIDS Query Coding Form

Query name: Eé"’b

L. FQ"FS"O"’ Ribrure. akl W e thpas wlielintd. Srfooron o
lohieh Tt runelow o Zedhes W 4 Wuafm& . ‘1

Structural Reprﬁgentation

R ?

' 0-C-R’

-—7‘-_” R“

R= Q5 ¢ Q i,

R'= omy oayelie Y

arbern nadieal

Molecular Formula Specifications 7

IT. |ENCODED QUERY:

E&lb

(Section III.)

Query name:
Keydefinitions:

<io Wiy §

FORMULA HlLL/RESTRlQTED a

DEFINE STRUCTURE
STRUCTURE =

(Section V.)

kevs = (K oR <& (K3 0R KY) K5 Ki K7 (K§ K9 oR

NOD OL&)/ %
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i 111. [KEYS
i
User's Checklist of Key desig- CIDS code Required
Key Types nation agsignmt.
Mol. Formula (MF) Kt SCi 31 ene.
Acyclic-Cvelic (A-C) ) oK
Extracyclic (EC) < A SUN S s
Number of Cyclic Nuclei AN O
(NCN)
‘ Cyclic Nuclei: non-H 4 : e
Attmts. (DACY) 3 SCNaL T
Genceric Cvclic Nuciei oK
! (CCN) ~ 4 SN Y M
Specific Cyclic Nuclei AND
(5C%) "s Fedp o
T - & fn F
Specific Functional 1t AND
Group (FG) i DACN = d end ’
Nonspec, Diatomics (ND) . AND
Nonspec. Monmatomics (%) = NCN = g oL
Hydrocarb., Radicals (HR) AND
Inorganic (IN) K& K¢
Metal Cation (C%) T el
. Inorganic Anion (AT) ] PR ANL
* Abnormal Mass (MASS) ol
% General Metal (MF M) o oR
; Nonstructural (DATA) T SR GE 4
B Registry Number (RX) . AND
i il 3R o718
{
&
! IV. ]MOLECULAR FORMULA STATEMENT
1 Forrula  RESTRICTED Element Exact Lover Upper CONSTRATINTS
E type symbol count bound bound
! ¢
Hg[,L. (yJ H
1 ! )
i [V i
é O 4.
i ‘
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EXAMPLE 17
Question

What N, N-dialkylphenothiazinccarboxamides, with or without additional
acyclic ring substituents, are on file?

Comment

Substitutions on the phenothiazine nucleus in addition to the

dialkylcarboxamide group must be acyclic, but are otherwise totally
unrestricted.

Strategy

Responses are required to have been assigned the specific cyclic
nucleus key for the phenothiazine system (SCN116) and the specific

functional group key for the disubstituted carboxamide group attached
to a ring (FG36R).

0
ol

cea( —] —

SCN116 FG36R

Since all substitutions must be acyclic, the key NCN = 1 is used to

require phenothiazine to be the only cyclic nucleus present in retrieved
structures,

Since additional substitutions on the phenothiazine nucleus are permitted,
the total number of nonhydrogen attachments to cyclic nuclei in true answers
varies, and no DACN key can be specified.

Keydesignations are assigned to the three structural fragment keys in

the expected order of increasing list length.

Encoded Query

The query is assigned the name EGl7. The input for this -query is
EGL7

Kl = SCN116/ K2 = NCN=1/ K3 = FG36R/
KEYS = K1 K2 K3 §
END
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II.

CIDS Query Coding Form

ot [QUESTION N N - qulllphenihianond asboturides
Lot pod 1A nal zzdffg&b/iwg LnITLLa LD, art. s fz& 7

R7, LY

Query pape: Eé17

Structural Representacﬁm
¢ R

(',—N/\. Rl
g ESE @

AR'= amf eyl ; darm ot mat
' Qdduimal, eubaltiiund on g olleusel

Huolecular Formula Specifications

ENCODED QUERY:

Query name: EelT
Keydefinitions: (Section ITI.)
KEYS = K| K& K3 $

FORMULA

DEFINE STRUCTURE (Section V.)
STRUCTURE =

END
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I1I. {KEYS
L
User's Checklist of Key desig- CiNS code Required
Key Types nation assignmi. .
Mol, Formuls /MF) K| SCN His CNE
Acyclic-Cyclic (A-C) s 2
! Extracyclic (EC) T :
: Number of Cyclic Nuclei o NON - R 2
B b . N i =
| e o . :
i Cyclic Nuclei: non-RH A -
i Attiats. {DACW) . e S o s
] - = N Sl *
| Generic Cyclie Nuclei K3 36
(GLN) z
! Specifie Cyelic Nuclei )
: {SCN)
: Specific Functional
: Group (FG)
- Nonspec. Diatomics (ND}
! Nonspec. Monatomics (NM)
: Hydrocarb. Radicals (HR)
; Inorganic (TN)
Metal Cation (CN) .
Inorganic Anion (AN)
B Abnormal Mass (MASS)
General Metal (MF ¥)
3 Nonstructural (DATA) R
lRegistry Number (RN)
% |
i‘ TV. I[MOLECULAR FORMULA STATEMENT
; Formula  RESTRICTED Element Exact  Lower Upper CONSTRATNTS g
; type symbol count bound  bound K
z
| i
!
i E
i 4
|
' .
! i ¢
Cod
: 148
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EXAMPLE 18
Question

Retrieve all metal and metal hydrogen citrates.
Comment

The question involves a family of anions derived from a siugle organic

acid, Note that basic citrates are not sought.

Strategz

The specific functional group key FG94 tags both the carboxylic acid group
-COOH and the carboxylate anion -COO when either of these fragments is attached

to an acyclic carbon atom. Thus all metal and metal-hydrogen citrates are
assigned this key exactly three times,

In addition to the three carboxylate groups, true responses also contain a

secondary hydroxyl (-OH) group, which CIDS tags with the specific functional
group key FG82,

0
il |
---C-0 0-c—
FG94 FG&2

Retrievals are also required to have been assigned the general metal cation
key, for which the CIDS code is CN. This key is assigned to each compound which

-,
contains either a bare metal cation or the ammonium cation NHA'.

Since all of tne required compounds are totally acyclic, the query demands
responses to have been assigned the key A-C=9, which tags each compound having
zero rings., This A-C key is used rather than the key NCN=0 since the latter
tags structures and is assigned not only to totally akyclic compounds, but

also to compounds that contain both an acyelic structure and a cyclic structure.

since all responsea to the cation key CN must contain either a metal ion or
the "metal-like" ammonium ion, it is not necessary tc use the general metal key
MF M to require a metal in the Hill molecular formula., No molecular formula
information is specified for carbun or oxygen efther, since the counts cf these
elements depend on the valence .f the metal atom and the charge on the citrate

ion, Thus th> monosodium salt has the formula 06H7Na07, while the calcium salt
structured
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C-C-0
)
. 0-C-¢-0" ++ ,
1 . 3Ca 1 ‘
¢ ! ﬁ 1as the formula 012H10C33014'
é- -

At some stage in pProcessing this query the system must identify those
compounds which have been assigned the carboxylate key three times,

Since
the number of tricarboxylates ig expected to be relatively small

» 1t is more
efficient to identify these compounds first and then intersect t

his list with
the remaining keys as required in the query,

Therefore the carboxylate key is

assigned the lowest numbered keydesignation K1, with the remaining keydesigna-

tions assigned in expected order of increasing list length as usual.

Although an A/A search for the citrate anion could be conducted to guar-

antee that all retrievals are true answers, the combination of keys that re-

trievals must satisfy is considered sufficie

search unnecessary,

ntly restrictive as to make A/A

Encoded Query

The query is assigned the name EG18. The input for this query is
EG18

K1 = FG94/ X2 = FG82/ X3 = CN/ K4 = A-C=@§/ $
KEYS = 3Kl K2 K3 K4 §
END
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CIDS Query Coding Form

&
P " SRR :
i . ' Query name: E("t&
: I. [QUEST . ~: -7 P
| _ Kt sl mial ind mnaal hytirgern atls.
e

-4
Oy
i i
T :
i ' Structural Representation FHolecular Formula Specifications

f
S ?HL—MDH oL Y et Hbti
—@poit madwui
HO—-Q~ Qo0
y \ &s "h'lltﬂ!
¢Ha- 000l
IT. |ENCODED QUERY:

E Query name: EG&IE

. Keydefinitions: (Section I71.)

KEYS = K| KX K3 K¢ ¢

é

FORMULA
L]

DEFINE STRUCTURE (Section V.)
STRUCTURE =
i ) END
i
' -
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KEYS

User's Checklist of
Key Types

Key desig-
nation

CIDS code

Required
assignmt.

Mol. Formula (MF)
Acyelie~Cyclic (A-C)
Extracyclic (EC)
Number of Cyclic Nuclei

K

&9y

Hidce
AN G

S

(NCN) ‘
Cyclic Nuclei:; non-H I RLED:
Attmts. (DACR) . .
. . r . - ,(} ) V -
Generic Cyclic Nucleil dN STk
P (GCN) :

fropey

!
i
i
{
i
4
!

o e
bl

Specific Cyclic Nuclej
(5CN) / ‘ . , S
Specific Functional 2N A- L= f free
Group (FG) '
b Nonspec. Diatomics (ND)
b Nonspec. Monatomics (NM)
ke F Hydrocarb. Radicals (HR)
b Inorganic (IN)
Metal Cation (CN)
Inorganic Anion (AN)
Abnormal Mass (MASS)
X General Metal (MF M)
. Nonstructural (DATA)
Registry Number (RN)

¢ it b A —te

1v. |MOLECULAR FORMULA STATEMENT

Y

Formula RESTRICTED Element Exact Lower  Upper CONSTRATNTS

type symbol count bound bound

T
W _

: z////

| s
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EXAMPLE 19

Question

Retrieve all dialkyldimethylammonium halides.

Comment

Besides the structural features illustrated in the question, true responses
also have in common a number of molecular formula characteristics which are made

use of in this query,.

Strategy

All retrievals must contain the following structural features:

(1) exactly one acylic positively charged nitrogen atom, which is tagged
in CIDS by the specific functional group key FGl47;

(2) at least two methyl groups attached to a heteroatom (but possibly more
than two, since R and R' can be any alkyl); the hydrocarbon radical key for
methyl attached to a heteroatom is HRIE;

(3) exactly one halide anion. CIDS employs the key AN for all inorganic
anions (halogen or otherwise). The key is assigned once to cach compound that
contains any number or type(s) of inorganic anion(s).

[N N+ C-El~

FG147 HR1E

The Hill molecular forﬁul#rof.each true answer contains eiactly one atom
of N and one atom of halogen. These requirements could be stated by demanding
that all retrievals have been assigned the MF N 1 key plus one of the keys MF
F1l, M CL 1, MF BR 1 or MF T 1. However, all of these keys are expected to
have very long keylists. 1In view of the selectivity of the structural fragment
keys belng employed, stipulation of the rolecular formula requirements in the

formula statement is preferable to using molecular formula keys,

The keydesignations Kl, K2 and K3 are assigned to the keys in expected

order of increasing list length.
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The molecular formula statement proves extremely useful in this guery. All
r retrievals must contain the exact set of elements C, H, N and halogen., By using
l j the general halogen symbol X, the RESTRICTED option can be employed to require
' that only these elements be present. Nitrogen and halogen are each required to

have an exact count of one.

|

|

i ; The CONSTRAINTS option is also exercised in this query, since for all true
? S responses the relationship between the carbon count and the hydrogen count 1is
1

given by H =2 % C + 4.

| Encoded Query

The query is assigned the name EG19. The input for this query is

' EG19
KL = FG147/
: K2 = HR1E/
- K3 = AN/
KBYS = K1 2K2 K3 §

i
.
y ' FORMULA HILL / RESTRICTED C H N(1) X(1) CONSTRAINTS H = 2 % C + 4/§
L END
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CIDS Query Coding Form

. Query paze: £G 19
- B [URSTION CRdtruve L di 2 vt falide)
E ' Structural Representati.on HHoleculu' Formula Specifications

e, R,R'= 0.U?Aa£
B

Rl - X7 x=F,,

T
.
» [

ol BRR.. ) a2 ‘Wm

1I. |ENCODED QUERY:

e,

i Query nam2: E & lq

: Keydefinitions: (Section III.)
ol KEYS = KI &K K3 §

FORMULA HILL/RESTREC_TED ¢ H N XUY CONSTRAINTS
H=ax¢ +4 / %

DEFINE STRUCTURE (Section V.)
STRUCTURE =

»
LR END
{
i
! ] -
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KEYS

User's Checklist of
Key Types

Kev desig-
nation

CINS code

Required
assignmt,

Mol. Formula (MF)

Acyclic=-Cvclic {A-C)

Extracyclic (LC)

Number of Cvyclic iuclei
(NCN)

Cyclic Nuclei: non-H
Attmts. (DACK)

Genexrjc Cvclic Nuclel
(GGX)

Specific Cvelie Xuclei
(5CN)

Specitfic Functional

Group (¥G)

Nonspec. Diatomics (ND)

Nonspec. Monatomiecs (X\3M)

Hydrocarb. Radicals (HR)

Inorganic (IX)

Metal Cation (CX)

Tnorganic Anion (AN)

Abnormal Mass (}MASS)

General Metal (MF )

Nonstructural (DATA)

Registry Number (RN)

af

FeiY4T

-

AN

L

Formula
type

RESTRICTED

Element
symbol

MOLECULAR FORMULA STATEMENT

Exact
count

Lower
bound

Upper
bound

CONSTTAIRTS

HiLL

A (;}

Q
H

N i
X «

J T
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Question

What unsubstituted aminocarhoxamides are on file thatr contain from two

to eight carbon atoms and any specified nuclide of nitrogen,

Comment

The user is searching for a specific family of isotopically tagged compounds.

Strategy
Every response to this query is required to have been assigned the following :

structural fragment keys:

(a) rthe specific functional group key FG34, which tags the unsubstituted
carboxamide residue attached to an acyclic carbon atom;

(b) the specific functional group key FG143, which is assigned to each
primary amino group attached to an acyclic carbon atom;

{c) the abnormal mass key MASS which is assigned to every compound that
contains one or more "abnormal" isotopes of any element(s);

(d) the key A-C=0 which is assigned to every compound that has a total
of zero rings. This A-C key is used rather than the zero cyclic nuclei key
(NCN=0) since the NCN=0 key tags structureg, and its keylist therefore refer-
ences not only totally acyclic compounds but also compounds that contain both

an acyclic and a cyclic structure.

0

I}
- — - C—N — N
FG34 FGi43

Since the Hill molecular formula of every true answer contains one 0 and
two N, the quantitarive molecular formula keys MF 0 1 and MF N 2 could be
demanded. However, siuce both of these MF keys have long keylists and since
the structural fragment keys usec in the query are reasonably restrictive, it
is more efficient to specify the molecular formula requirements in the formula

statement.

By specifying the exact counts of N and 0 in the Hill formula and limit-

ing the elemw:nt types to ©, H, N and O with the RESTRICTED option, the formula
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statement insures that the only hetercatom-containing functional groups in

retrievals are a single amino group and a single carboxamide group. The range
of two to eight for the carbon count is specified; since unsaturation is per-

mitted, no limitations on the hydrogen count are included.

While the MASS key insures that responses contain a specified nuclide
of some element(s), an A/A search is required to retrieve only those which

contain a nuclide of nitrogen. Conducting an A/A search for the fragment

D

in which thg nitrogen atom has the indefinite mass number n retrieves the

required N-labeled compounds,

Encoded Query §

!
!

The query is assigned the name EG20. The structurespecification of the
fragment to be A/A searched contains an abnormality string that requires the

nitrogen to have any "abnormal' mass. The input for this query is

EG20 i

K1 = MASS{ K2 = FG34/ K3 = FG143/ R4 = A-C=p/
KEYS = K1 JK2 K3 K& § '

FORMULA HILL / RESTRICTED C(2,8) H N(2) 0(1) / $
DEFINE STRUCTURE S1 = /IN8@. (MI=N.)/ §
STRUCTURE = S1 $ '

END
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CIDS Query Coding Form

l ~Query name: &R0
I. |QUESTION: 2/t r (onet AL Armindtasbotamedlid ase on Yo

¥ ruelede of puttegen
u
E l E Structural Repcx')esentntion 'Molecular Formula Specifications
2 (@ )-a-nu
s -9 a wuthe o feth

\ \ N's alpnsamal

: Ntg madd

11. |ENCODED QUERY:

Quel'-y name : E &0

} . Keydefinitions: (Section III.)

KEYS = K| K& K3 K4 ¢
ol
Vs
o

PORMULA HILL/ RESTRICTED € (2.8 H N(&Y 0()/ ¢
3

DEFINE STRUCTURE (Section V.)
STRUCTURE = S #
‘ END
!
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IT.

KEYS

User’s Checklist of
Key Types

Reyv desig-
nation

CIDS code

Required
assignmt.

Mol. Formula (MF)

Acyclic-Cyclic (A-C)

Extracyclic (EC)

Number of Cyclic Nuclei
(NCN)

Cyclic Nuclei: non-H
Attmts. (DACN)

Generic Cyclic Nuclei
(GCN)

Specific Cyclic Nuclei
(SCN)

Specific Functional
Group (FG)

Nonspec. Diatomics (ND)

Nonspec. Monatomics (NM)

Hydrocarb. Radicals (HR)

[v.

Inorganic (IN)

Metal Cation (CN)
Inorganic Anion (AN)
Abnormal Mass (MASS)
General Metal (MF M)
Nonstructural (DATA)
Registry Number {RN)

Kl
KA
K3

4

MASS
[~ &34
o143

A._Q'-:/Q/

Nl
AN D
iy P&
JAND
a2
/AND

R "

]
\J

Formula
type

RESTRICTED

Element
symbol

MOLECULAR FORMULA STATEMENT

Exact
count

Lovwer
bound

Upper
bound

CONSTRAINTS

7] ST A

HiLL W

)

H
N k3
0
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Structure(s):

Structure
name

m

N~

)

Structurespecification No. of
QOccurrences
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APPENDIX A

THE CIDS MULTITERMINAL COMMAND LANGUAGE FOR TELETYPES

This appendix is intended to serve as a user's guide for teletypes
(TTY's) in the CIDS multiterminal retrieval system. The teletypes communi-
cate directly with a PDP-8 computer, the primary purpose of which is the
accumulation of input and the distribution of output for each of the various
terminals. The PUP-8 in turn communicates with an IBM 7040 system that
actually conducts the search., This appendix describes the language for
inputting and editing queries via the PDP-8 and for carrying through with

search and retrieval in the 7040,
Introduction

Each line that is typed at a system TTY is interpreted either as a

If this
character is '@', (the ALT MODE or ESC key, whichever is present on the

command or as text depending on the first character in the line.
TTY being used), the line is interpreted as a command and is executed. If
the first character is not '@', the line is interpreted as text, and is
either transmitted to the 7040 for immediate processing (by terminating the
line with an exclamation point (!) ) or else stored by the PDP-8§ for future
processing (by terminating the line with a 'carriage return').

The commands that may be issued fall into two categories: those used
in editing lines of stored text either to modify query demands or to correct
the 7040,
Lines of text that are stored are assigned line numbers which may be
The

number to be assigned to the next line of text that Ls stored (called the

errors; and those used to carry out processing of the query by

used in subsequent commands to identify the line(s) to be acted on.

current line number) is automatically printed out 4t the beginning of each
line, Each time a line of text is stored, the current line number is incre-
mented, The line number is not incremented following command lines or text
lines that are not stored, and the numbers that precede such lines on the
TTY printout have no significance,

A few of the characters on the TTY keyboard, such as the '@', 'l ' and
carriage return mentioned above, have special meaning in the TTY language.
An outline of these special characters and their meanings appears belcw.
Following the outline, the various teletype commands are described, and a

number of examples of their use are provided.
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Special Characters

The special characters that have particular meanings in the teletype
language are:

Printed Character Name Meaning
carriage return In a command line: End of command.
In a text line: Store this line and
start a new one.

1\ up-~arrow Ignore this line.

«— back-arrow Ignore the last character typed.

The character that is ignored is
printed out.

@ 'ALT MODE' or 'ESGC' At the beginning of a line: Inter-
pret this line as a command. Else-
where in the line, no special meaning,

" ditto Copy the character in the corres-
ponding position in the last line
typed in at this console.

Control C (CTRL Copy the character in the corres-
and C are struck ponding position in the last line
simultaneously) printed out at this console.

! exclamation point Terminating a text line: Send this

| line of text to the 7040 for immedi-
ate processing; do not store it in

the PDP-8, or assign it a line number.
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Commands

The commands employed in the teletype language can be subdivided into
. two categories: commands used in editing stored text, and commands that
effect interaction between the PLP-B and the 7040,

f I. Editing Commands

% a) @LINE prints the current line number at the beginning of the

i next line on the teletyped page.

? h) @PRINT prints specified successive lines of text from the user's

L

file (i.e., successive lines of stored text) onto the teletwvpe.
This command is structured as follows:
@PRINT n causes the single line n to be printed,
@PRINT n,m causes lines n through m to be printed out.
(@PRINT n, causes line n and all succeeding lines to

be printed out,

- c¢) @DELETE cause a lire or a sroup of lines of stored text to be

deleted, and is structured similarly to EPRINT,

: . d) @INSERT n causes the value of the current line number to Lecome

: n. Lines that are typed following the INSERT command are assigned
successive line numbers beginning with number n. Insertion cou-
tinues until the APPEND command is typed, which causes the remain-
ing originally stored lines to be venumbered to follow the inserted

lines, and causes the current line number to return to its usual

A T AN e

i value (i.e.,, one greater than the total number of lines currently

stored).

e) (BALTER combines the effect of the DELETE and INSERT commands,

As with insertion, alteration is terminated by the APPEND command.

gywmn—drtr- LT

The arguments given are the same as those for the DELETE command

as follows:
@ALTER m,n causes lines m through n to be deleted and
a line (or lines) to be inserted starting
with line number m,

@ALTER m deletes line m and inserts a line (or lines)

starting with line number m,
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@ALTER m, deletes all lines starting with line m and

._.‘._-.,.__._‘.

inserts beginning with line m,

f) @APPEND terminates insertion resulting from a previously issued
INSERT or ALTER command,

»
b eE aema —

: g) @MOVE m,n,p causes lines m through n inclusive to be moved %
1 to follow line p. The lines that originally followed immediately f
| T} . .
ko after line p are renumbered accordingly.

] H

IT. Commands Resulting in Interaction with 7040

| e

<™

The following commands result in some interaction between the PDP-8
and the 7040.

a) Q@INIT initializes the flags, buffers and input file for the
console at which it is typed. Any previously saved text in

the PDP-8 is destroyed. If the 7040 is connected the CLEAR

command is also executed as part of the INIT command, terminat-
ing any search that may be going on for this console and des-

troying all information related to a terminated search.

i b) @PROCESS n,m causes lines n through m to be sent to the 7040.
- If the last line sent is an "END" statement, the 7040 will
consider the lines it receives as a complete query and pre-
process it. As a result, the PDP-8 will get accession list

information and/or error messages as output.

c) @START signals the 7040 to begin applying any fermula statement
and A/A search that are present to the accession list entries,
As answers are found they are sent to the PDP-8, which routes
them back to be output by the appropriate device. Unless com-
mands require otherwise, the complete recor& is punched by the %
TTY on paper tape to be printed out on a Dura Mach chemical

typewriter.

d) @STOP results in a temporary halting of the actual search pro-
cess. The accumulated output continues to be sent to the console.

Search can be continued by means of the START command,
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¢) GCLRAR

L stops the scarch in the 7040 and destroys all informatios
in the 7040 related to that particular query. The search can be
restarted after reissuing the PROCESS command. The system res-
ponds with the message (SEARCH RECGRDS CLEARED). The CLEAR
command differs from the INIT command in that it has no effect

on the user's input file in the PDP-8,

f) Threce output option commands may bé'Eypéd'Befdre @STARYL. If

none of these appear, the output for that query will include
the entire chemical record and will be sent to the remote con-
sole in Dura paper tape code. The following commands may be

typed in any order but must be typed before @START.

1) (@OUTPUT REGISTRY requests only registry numbers for answers

to a given query. These will be typed on the TTY unless
@OUTPUT PRINTER is also specified, in which case the answers

will be sent only to the line printer.

2) @OUTPUT STAT requests only statistics, i.e., the search
time and the total number of actual answers. These will
appear on the TTY. If @OUTPUT PRINTER is also specified,

the statistics will also appear on the line printer.

3) (QOUTPUT PRINTER specifies that all query answers for that

console go to the chemical line printer.

These options must be repeated for each query where they are

desired and must be typed before @START.
The ECHO Command

The ECHO command enables the PDP-8 operator to monitor the
activity at another remote TTY and thus to receive messages from

that TTY. This command may be issued from the PDP-8 console TTY

only, and is structured as follows:
@ECHO n  causes everything on TTY n, both input and output,
to be printed out on the PDP-8 TTY as well. n is

the number (called the console number) being used

to represent a particular terminal during the cur-
rent querying session. This number is automatically
assigned by the system as each terminal dials in,
and is printed out in the response to a2 PROCESS
command immediately before the query name.
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While in ECHO mode, the PDP-8 TTY can also send messages to
the TTY being echoed, as follows:

I1f the CTRL and BELL keys are struck simultaneously on the
PDP-8 ITY at the beginning of a new line, a bell is sounded at
both teletypes (to signal the operator of the echoed TTY), and
the line that is then typed at the PDP-8 TTY is also printed out
on the echoed TTY,

Simultaneously depressing CIRL and BELL at the echoed TIY
also sounds a bell at both teletypes, and can be used to alert
the PDP-8 operator that a message is about to be echoed. Such
message lines should be terminated with up-arrow T to cause these

lines to be ignoted and not saved as input text for that console.

Expansion of Logical Expressions: Use of OUTPUT LOGIC

To insure that parentheses in KEYS and STRUCTURE logical
statements are properly located, a user can require the search
system to expand these statements by typing the vords OUTPUT
LOGIC immediately after the query name, This causes the expanded
version of every legical statement in the query to be included
in the search system's response to the PROCESS command (see
Example 13 following).
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Examgle (0 (NIT, PRINT Zooemands

¢
3
¥
[
;

|

e

B

L

@INIT
PROJECT CIDS -
( SEARCH RECORDS CLEARED) -l
98B! CIDS -
2992 K1 = FGl43R/ !
2003 K2 = FGa5RrR/ i
BRBA K3 = SCN 48/ } 2
ABBS KEYS = K1 K2 K3 S
2006 FORMULA HILL ~ CC12, > 7% |
38287 END o
P08 ePRINT 4 — 3
AAB4 K3 = SCN 43/ ,
3008 @PRINT 4, - ¢
B@P4 K3 = SCN 48/
2805 KEYS = K1 K2 K3 &
2896 FORMULA HILL 7/ C(12, ) 7§
P287 END
@A@8 @PRINT 4,6 - 5
pAB4 K3 = SON 4B/
ABA5 KEYS = K1 K2 K3 %
2086 FORMULA HILL 7 CC12, > /%
7008

(1) The command @INIT is issued. All previously stored text for this console

(2) Seven lines of query text are input and stored. The current line number

is destroved; PROJECT CIDS, (SEARCH RECORDS CLEARED), and the current

line number 0001 (with leading zeros to four places) are printed out,

.8 incremented after each line stored.

(3) A command to print the fourth line of stored text is typed, followed by
a carriage return. The lipe number, 0004 and the text of that line are
printed out, followed by the currert line number. Ncte that the line
number is not incremented following the @PRINT commanrd.

(4) A command to print line 4 and all subseguent lines is issued, followed

by a carriage return. The appropriate lines are printed out, followed

bv the current line number (stiil 0033),

(5) A command to print lines 4 through 6 inclusive is issued, followed by

a carrjage return, The indicated lines are output,  ollowed by the

current line number (still 0008).

fi
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Example 2: PROCESS, START Commands '

2981

X
C1 DS - .
9002 K1 = FGISR/ K2 = SN/ K3 = FG143R/
8803 KEYS = K] K2 K3 $

8094 FORMULA HILL 7 (17, /S

8085 END

9806 EA28 -1 2
P87 K1 = FG112/ ;
f8e8 K2 = FGl1YV

2889 K3 = FGl14 %

#9109 KEYS = K1 OR K2 0R K32 $

9811 END .
8AF2 PPROCESS 1,5 2 :
1813 HRS. 7088416 .
COMMENTS FOR QUERY 2C1 DS 3
. BBAP36 ITEMS IN ACC. LIST FOR THIS QUERY .
#START :

80812 DNE]AFN~ @EIL TMQ) F\ QQUVGFGRUW PAV@FYU FF

‘25 60T4S

BB28 ANSWERS FOR THIS QUERY

*xxkkkknnxkxk READY FOR A NEW QUERY ®%kkkkskxtxn

1

(2)

)

(4)

(5

(6)

-
ACTIVE SEARCH TIME
080 MINUTES
) 88 SECQONDS 6

Two queries containing a total of eleven lines of text are input and stored.
A command to process the first query (lines 1-5) ig issued.

The system identifies the date and time, the query name, and the number
of compounds that satisfy the keys. The number that precedes the query
name 'CIDS' is the console number, by which this TTY is being represented

during the current querying session, (This number is assigned by the
system as each terminal dfals in.)

The START command causes the formula statement (and the A/A search when
one is present) to be applied to the responses to the keys; compounds ;

that successfully pass these tests are output.

Answers are being punched on paper tape to be printed ocut on a DURA MACH
chemical typewriter. (Transmission of Dura code to the TTY punch causes

spurious characters to be printed out on the teletype,)

Search statistics ~ search time and total number of answers —— are

output. The system signals that a new query may now be processed,
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Example 3: INSERT, AIPEND Commands

. 2021 CIDS
2002 K1 = FG143R/
B-"3 KEYS = K1 K2 K3 8

©2U4 FORMULA HILL / CC17+ > /8 :} !
8P05 END

P@86 EINSERT 3

: 2

! 9903 K2 = FG35R/ 3

. PPB4 K3 = SCN 48/

; @135 @APPEND 4

: PPB8 ePRINT 1,

b #8381 CIDS

3‘ @82 K1 = FG143R/

; @983 K2 = FG35R/ } 5

‘ PBB4 K3 = SCN48/

i 6OAS KEYS = K1 K2 K3 $

@386 FORMW.A HILL #CC17, > /S

f 6987 END J

; pess :
. (1) 1In the five line query that has been stored, keydefini‘ions for key‘

. (2) A command is issued to incert, immediately preceding’lin:v§~ 11 lines e,
between the INSERT command and a subsequent APPEND commandv iThe3iNSERT{;'

% . N
command causes the value of the current line number to- become’0003.

(3

Two lines of text are input for insertion preceding the original line 3 S

(4) The APPEND command is issued to terminate insertion.

e T SR i

(5) The entire block of stored text is printed out

111ustrat g;the reqults
of the insertion. Note that the lines originally numbere 3 hroug”%s

are renumbered to follow the inserted lines.

The current 11neinumberfis

i.e., one greater than the

E
§
&

returned to its usual value,

currently stored.
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0081
: 2292
; 2403
2004
o b 2885
|k PBB6
L F 8807
) 2808
2909
2410
2011
é 2010
: 2601
2002
6003
P00 4
8865
8806
26087
2908
2039
ce'a
2908
2801
neg2
2803
2094
8985
PBv6
6027
2008

R

Example 4: DETETE

Cotniad

CIDS ™

K1
K2
K2
K4,
K3
K3

KEYS = K1 K2 K3 §
FORMULA HILL 7/ C¢

= FG143R/
FGESR/
FG35R/

SN 38/
SCN 48/

e
—

wonononou

END

@DELETE 3
@PRINT 1,
CIDbS

K1
K2
K4
K3
K3

KEYS = K1 K2 K3
FORMULA HILL 7
END

@DELETE 4,5 . T
3PRINT 1,

I
AW

FG143KR/
FG35R/

SN38/
SON 48/

U Rt A 1

Cibs -

K1
K2
K3

KEYS = K1 K2 K3 $
FORMULA HILL 7 CC17, > /8
END -

(1)

(2)

(3)

FG143R/
FG35R/ ;3
= SCN 48/

fonou

While inputting this query, typing errors (bracketed) in line 3 and in
lines 5 and 6 are corrected in line 4 and line 7 respectively. The

three incorrect lines 3, 5 and 6 are to be deleted.

Commands are issued to delete line 3 and print the remaining text. Note
that the lines originally numbered 4-10 are renumbered 3-9 to fill in

for the deleted line,

A command is issued to delete lines 4 through 5 inclusive (the two remain-
ing incorrect lines, renumbered followingz deletion of line 3). The

resulting text is printed out.

174




T T T I

by
=
£
£
5
.
-

I 3

PP g

Ll B

13

Example 5: ALTER, APPEND Commands

801 CI
2002 K1

ANA3 K2
2004 K2 -
8085 K3 = swag/

= FM143R/ ]
= FG35 !
= HG3IS5R/ )

8086 KEYS = K1 K2K3 ¢
8907 FORMW. A HILL # CC17, )7 %
@808 END

8069 @ALTER 2,5

an02 K1
PP0A3 K2
0064 K3

@885 eAPPEND
P08 @PRINT 1,
Ad@!l C1Ds

aga2 K1
AAB3 K2
AAB4 K3

PBB5 KEYS = K1 K2 K3 §
PP86 FORMW A HILL 7 C(17, )/ %
PPB7 END

(nH

(2)

(3
(%)

FGl43kr/
FG35R/
SCN 487

Honoh

= FGl43k/
= FG3Sr/
= SN 43/

. ..._..W‘\[_v.___J [T,

The user requitres this query to include the three keydefinitions
Kl = FGl43R/, X2 = FG35R/, and K3 = SCN48/. Therefore lines 2 through

5 are all incorvezt and must be replaced.

The command @ALTER 2,5 dcletes lines 2 through 5 inclusive and causes
all lines that are input between the ALTER command and a subsequent
APPEND command to be inserted beginning at line 2. The number of lines
inserted may be greater than, less than or equal to the number of lines

deleted; the remdining lines of stcred text will be renumbered as required.

The correct lines are tvped in, followed by the APPEND command .

The complete stored text is printed out, illustrating required renumber-

ing of the lines of text following the altered lipes.
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eee1
oea2
#9833
2epAa
#9085
8806
2007
eens

8START

? 0008
' e0es
‘ 2008
f 9908

00908

(1)
(2)
3)

(4)

1344 HRS. 700323

Example 6: STOP. GLEAR Commands

CIDS “‘
K1 = FG14a3F/

K2 = FG3SR/

K3 = SCNag/

KEYS = K1 R2 K3 §
FORMULA MILL 7 CC12:) 78 !
END

ePROCESS 1,7 |

COMMENTS FOR QUERY 1CIDS
e#PA27 ITEMS IN ACC. LIST FOR THI S QUERY_

P

DNE) AFNe @EJL TMQ] F\ Q@GFGAPTLVAY FVYU YLY uu T
eSTOP } S
FLLLLY PYY

#CLEAR
¢ SEARCH RFCDRDS CLEARED)

3~

A seven line query is input and processed.

The START command causes the formula statement and A/A search (when

present) to be applied to the responses to the keys. Compounds that

pass are punched in Dura code.

@STOP causes the search to be halted, but output of compounds that have

already passed continues. Search can be resumed by reissuing @START.

@CLEAR causes both search and output for this query to cease, and all
record of which compounds are waiting to be tested or output to be des-
troyed. The system responds with (SEARCH RECORDS CLEARED). The complete

set of responses can be obtained only bv rerunning the entire query.
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Example 7: Exclamation Point (.), LINE Command.

72081 CIDS!

9061 K1 = FG1a3rR/!

#8081 K2 = FG35R/!

P901 K3 = SCN4B/ !

PBO1 KEYS = K1 K2 K3 $!

291 FORMULA HILL / C(22,

AA01 END!

P@B1 1117 HR3. 738416
COMMENTS FOR QUERY
PR@R36 I TEMS IN ACC.

) /8!

1CIDS
LIST FOR THI S QUERY _

GLINE
g001

(1)

(2)

1,
72

Seven lines of query text are typed. Termination of each line with an
exclamation peoint (rather than a carriage return) causes cach line te
be sent tu the 7040 for processing. Since these lines are not stored,
no line mmbers are assigned. As soon as the END statement is received,
processing of the keys is carried out automatically. (Therefore, no
PROCESS command is required). The START command can now be issued to

complete the processing oif this query and output respounses,

The LINE command causes the current line number to be printed out,

Since the greceding text has not been stored, the current line number

is still 1,

Queries that are sent to be processed immediately as aliowre cannot be

printed out, altered or restarted except by retyping the entire query.
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Exampla 8&: Nitvy ("), CTRL C, Up-drrow

2001

naa2
nAa3
ARAa
2004
2905
2006
2907
2003
Boa1

BRaz
pon3
2824
PPa5
PO
AAa7

#2008

a005
008

aeas

C1DS

K1 = FG143R/
K2 = FT3S5R/t
K2 = FG35KR/

K3 = 50N487

KEYS = K1 K2 K4 §
FOXYYXRMULA HILL / C(22, )/ %
END

BPRINT 1.,

CID5

K1 FGla3R/

K2 = FG3SR/

K3 SCN 48 7

KEYS = K1 K2 K4 %
FORMULA HILL / C(22: /%
END

@PRINT 5

KEYS = K1 %2 Ka &
@ALTER S

KEYS = K1 K2 K3, §

HoH N

BPRINT 1,

CIDS

Kl = FG143R/

K2 = FG35%R/

K3 = 5CON48/

KEYS = K1 K2 K3 &
FORMULA HILL 7 C(22, /5
END

#5TART?

8PR) SSCDSSSSNESS 1,

1125 HRS. 7043416

(1

QOMMEN T3 FOR QUERY 1CI DS

(1) -ind Back-Arrow (&)

} 1

r

~J

A8AB36 [ TEMS IN ACC. LIST FOR THIS QUERY j

A typing error, A "T" instead of a "G" in the CIDS code, is detected in

line 3 aiter the slash has been tvped. The line is terminated with

up-arrow vaiher than carriaze vrotarn, causing the entire line to be

ignored and current line numbetv to remain unchanged.

(2) The corrected version of line 3 i{s input; each of the niicketed charac-

ters was copiad from the previously typed line (i.e.. the del~ted rersion

of line 3) hy striking ditto ('").

o




(3)

The characters 'XY' incorectly typed in the formula statement (line 6)

are deleted using back-arrow (&) as follows:

Typing error made

Back-arrow struck to delete last character. The character
/ being deleted (Y) prints out.

/
; Back-arrow again used to delete last character (now ‘X'
; .

;o since the 'Y' is gone). The deleted 'X' prints out.
Vo
006 FOXYYXRMULA HILL / C(22, )/$

(4) The entire query is printed out to illustrate the corrections.

(5) An error in line 5 is detected: 'K&4' should read 'K3'. The incorrect
line 5 is printed out and a command is given to alter 5. The‘correct
version of line 5 is input by copying the correct parts (brﬁcketed above)
of the last line printed out, (i.e., the incorrect line 5),'aepressing

. the CTRL key and striking the character C for each character'copied.
(6) The entire query is printed out for examination.

. (7) The use of up-arrow and back-arrow on commands (rather than on text) is

permitted.,
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: Example 9: OUTPUT REGISTRY Command

3

; ¢8@1 CIDS 7
i @092 K1 = FGl 43R/
{ #8083 K2 = FG35R/

: 9004 K3 = SN 48/
: G005 KEYS = K1 K2 K3 § s
: #0066 FORMULA HILL 7/ C(22, >/$ Al |
g 80887 END
- #0908 ePRICESS 1.
; 1127 HRS. 780416
' COMMEN TS FOR QUERY 1CIDS
@@0036 I TEMS IN ACC. LIST FOR THIS QUERY _J
@OUTPUT REGISTRY =
@008 @START
2008 QUERY NUMBER CI DS
N AB106502 S 2
™ T786151 ‘
RV AB110457
™N  T711452

P20 MINUTES
85 SECINDS
20 608THS

-
ACTIVE SEARCH TIME ‘[
( 3
@02 AVSWERS FOR THIS QUERY

xxexseerrexx READY FOR A NEW QUERY thkk&khkikkhkk

(1) A seven line query is stored and processnd,

(2) The OUTPUT REGISTRY command preceding the START command causes the master
registry number and all local identification numbers of rezponses to be

- output by the teletype. No DURA paper tape is punched,

(3) Search statistics are automatically output; the system signals that it

[
i is ready ta process another query.
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Example i0:  OPTPUT STAT Command

@601 CIDS ]
2002 K1 = FGl43Rr/
@083 K2 = FG35R/
: ABB4 K3 = SCN4ars
@805 KEYS = K1 X2 K3 §
@06 FORMULA HILL / C(22, )/$ } 1
0807 END |
0028 BPROCESS 1,
1130 HRS. 790416
: CIMMEN TS FOR QUERY 1C1DS
‘ ABOA364 TTEMS IN ACC. LIST FOR THIS QUERY
-' ®QUTPUT STAT
9003 eSTART

e

J_

008 QUER? MMRER CIDS
i
é%i ACTIVE SEARCH TIME -
i AAG MINUTES > 2
AS SEGINDS
19 60THS

P8P2 ANSWERS FOR THI S QUERY

Khkkkkkkkdikdk READY FOR A NEW QUERY et koo ook oo o ok ok
»

(1) A rceoven line quory is input and pnrocessed. .

(2) The OUTTIT STAT command preceding the START command causes the search

statistics printed out by the teletype to be the only output. To obtain

the rcgistry numbers or the structures, it is necessary to reissue the
PROCESS and START commands.

areT e et R VT LR R SR L e R G NS

A

T G
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kxampie Ll1:  OUTPUT PRINLER Command

PB21 CIDs

@002 K1 = FG143R
POB3 K2 = FG3ISKR/
A0P4a K3 = S(N43/

P205 KEYS = K1 K2 K3 8
A0A6 FORMULA HILL 7 C(22,
ABAB7T END
P8BS @8PRICESS 1>
1132 HRS. 70A8416
QOMMENTS FOR QUERY
PABAlE [ TEMS IN ACC.
SJUTPUT PRINTER
2803 eS5START
2008
ACTI VE SEARCH TIME
ABB MINUTES
A7 SECINDS
59 68THS

3/ %

LIST FIR THIS QUERY

1CIDS

#3902 ANSWEKS FO3R THI S QUERY s

s¥ kExkkkhkkkx READY FUOR A NEW QUERY **r%rkxfexskx

(1) A seven line query is input and processed,

{(2) The OUTPUT PRINTER command preceding the START command causes the entire

record (including nomenclature) for each response to be sent to the

chemical line printer located at Edgewood Arsenal, Yo DURA tapc is

punchead,

The OUTPUT PRINTER command can be _ombined with the QUTPULT REGISTRY

command to send only the master registry numbers and local identification

numbers to the printer.

Similarly, @OUTPUT PRINTER can be combined with

@OUTPUT STAT to send only the search statistics to the printer.

e Tl f.gugwmm’ b w‘ 3 & ;i i‘i ﬁ 'i-. .i‘ ii :

| id




N
-
s

ULPR R ey

Example 12: MOVE Command

26861
Apa2
3063
0B 4
#ae5
poBs
aea7
aeae
aen9
010
ae11
ne12
iz
4001
pes2
véna
ARG A
2a8s
Boo &
5887
4908
28069
8918
Barl

(1)

(2)

CIDSs

K1 = FG1Aa3R/
K2 = FG35R/
K3 = S(N4g/

KEYS = K1 K2 K3 §
BEZFINE STRUCTURE

S = /1%CAx2-80- 14 2%xC] 3-99. CN-_

0. 6NBO./ S
STRUCTURE = § §
FORMWL A HILL 7/ Cc22, »/s
END
SMOVE 10,11.5
@PRINT 1
Cl1DS
K1 FG1 43R/
K2 FG35R/
K3 = SCN4RY
KEYS = K1 K2 K3 §
FORMUWL A HILL 7/ C(22, /%
END
DEFINE STRUCTURE
S = /1¥Cax2-~89~ 1 4. £*C1 3-80. N.
50. - NBP.r 8
STRUCTURE = § §

oo

Eleven lines of query text are input and stored.

4C25- 16,

4C25- 1 6.

AW

;2

The user wishes to

eliminate the DEFINE STRUCTURE statement and the STRUCTURE logical

statement from the querv without destroying them.

The MOVE command is issued to cause lines 10-11 inclusive to be moved

te directly follow line 5.

be printed out.
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Example 13: Use of OUTPUT LOGIC
@PRINT 1,5
@081 CIDS OUTPUT LOGIC — 1

‘@082 K1 = SCN124 K2 = SCN125/ K3 = FG96R/
9083 K4 = CN/

@024 KEYS = (K1 OR K2) K3 NOT 2K3 K4 $

@085 END ...1
PO13 @PROCESS 1,5
1609 HRS. 700424
COMMENTS FOR QUERY 2CcIbDs
EXPANDED LOGICAL EXPRESSION KEYS L 2
K1 K3 NOT 2K3 K4
OR
K2 K3 NOT 2K3 K4
00e008 ITEMS IN ACC. LIST FOR THIS QUERY _J

(L)

To require the system to output the expanded version of the KEYS logical
statement in line 4 (as well as any other logical statements present),

the phrasé OUTPUT LOGIC is typed immediately after the query name CIDS.

(2) The PROCESS command is issued; the system's response includes the
expanded KEYS logical expression,
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APPENDIX B

/

CONVENTIONS FOLLOWED IN PROTOTYPES

Listed below are the conventions followed in interpretin

‘the prototypes
for the query statc.nents contained in Section 3.5. :

(a) Strings of small letters (e.g., keydesignation, struc dr;name; count)

are variables for which strings of upper case characters are:substituted.

(b) Strings of upper case letters and numbers stand for ;hemééiveé;féqg.,
FORMULA, DEFINE STRUCTURE, ADDEND. |

. SR T
(c) Where a choice is involved, braces { } are used to list the-alterna-

tives. Default options are indicated by underlining.

(d) Brackets [ ] are used to indicate that their contents arefbptidﬁal.

(e) Ellipses (i.e., ... ) are used in the standard manner to mean . '~
"continue in the same way."

(£) Subscripting'is used in the standard manner to indicételé'séquence.

(g) Unless otherwise stated in the description of a particular statement

the following rules govern the use of blanks (space characters)'“

statements.

i Blanks must not appear within a complete word. (Examp1e° DE FINE

STRUCTURE is invalid and must be written DEFINE STRUCTI‘E)

ii Blanks are permitted between language eléments,'é-

complete word and a punctuation mark.

iii Dlanks must be used to scparate stringé consisﬁiﬁ
letters and digits. For example, FORMULAHILL / S
ceptable because the words FOﬁMULA and HILL run‘t . ; i
ever, both FORMULA HILL / S/§ and FORMULA HILL/S/sf'r acceptable‘

since / and $§ are special characters which can be

from the word HILL and the letter S by the scanni
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The prototype for the molecular formula statement t3ec, 3.5.2.3) is

[ ML/ -
FORMULAj e formula/ formula/ ... formula/ §
 ADDEND/ |

which is interpreted as follows:

1. The outer brackets indicate that the use of the formula statoment in

a query is optional,

2. When included, the formula statement consists of

a. the word 'FORMULA' followed by
b. either ' HILL / ' or ' ADDEND / ' followed by
¢. one or more terms of the form 'formula /' where formula is as

described below, followed by

o

a dollar sign ($).

Fach fermula follows the prototype

‘el (e1
— - J*el (n) !el (n) : ,
iRESTRICIEﬂ el (1b,) . <el (1b,) E)NSTRAIN'I‘S el = axel ¥ ..
— el (,ub) el (,ub) el = a%el Ip

‘el (Lb,ub) el (1b,ub)

N - —

which is interpreted as follous:

i. The word 'RESTRICTED' is enclosed in brackets and is therefore

optiornal in each formula.

2. Each formula must contain one or more terms each of which consists
of either an element symbol (el) alone, or an element symbol followed
by the exact count (n) or the lower bound (lb) and/or the upper bound

(ub) for that element in parentheses.

3. The CONSTRAINIS feature is enclosed in brackets and is therefore
optional. If included, it consists of the word 'CONSTRAINTS'®
followed by one or more equations. Each of these equations has the

general form el = a*el b where the el's are element symbole and

a and b are integers. (The limits for a and b are given in Sez. 3.5.2.3.)
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