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An efficient program, which runs on a personal computer, for the storage, retrieval, and processing of chemical
information, is presented. The program can work both as a stand-alone application or in conjunction with

a specifically written Web server application or with some standard SQL servers, e.g., Oracle, Interbase,
and MS SQL. New types of data fields are introduced, e.g., arrays for spectral information storage, HTML
and database links, and user-defined functions. CheD has an open architecture; thus, custom data types,
controls, and services may be added. A WWW server application for chemical data retrieval features an
easy and user-friendly installation on Windows NT or 95 platforms.

1. INTRODUCTION It is obvious that the availability of easy-to-use tools for
Iqata conversion among these three types of chemical data
two directions. First, SQL technolog§ys widely used for storage, 1.e., local, corporate, and WWW database:_;, WOUI.d
the development of databases. SOL servers give uniquem|n|m|ze errors and reduce the cost of data processing. This
possibilities such as integration of data with other databases,lggbf)grgalsealrg?gﬁgg_?_ S&ﬁgé&;g%@gor?ei%%{:gUCtS'
multiuser access for data modification, and easy writing and connectionps tc’) the Oracle SQL server Chemgca e éerver and
modification of client applications. But, databases created Chime Pro Suite allow a Web server. to commupnicate with
with SQL technology are difficult to distribute between ISIS/HOST, enabling developers to provide chemical struc-
different locations. A distribution package has to include, at ! 9 P P

least, client routines for the selected SQL server. The usergjnrs a:en:ﬁgr;g \;avgﬂ ;/;s\lj\zléat;oneén g#éemé?;i/?e%gécgg&n;
should have sufficient qualifications to install and administer pp pages.

the client routines for most SQL servers. Besides, most connects to Microsoft and Oracle SQL_servers and_ supp_orts
companies, the owners of SOL servers, do not give a IicenseIocal_databases. The data colle_cted with ChemOffice might
for the distribution of client routines to third parties. As a be directly used by the Ct_wemFmder WebSefver.
result, SQL databases can be treated only as corporate 1h€ CheD system partially solves the problem of data
databases, which are located at a restricted number of placescOnversion among all three kinds of data storage too. It works
Second is the tendency for database exposure via theds a stand-alone qppllcatlon andi as an Internet 9I|ent. ISAPI
Internet The Internet is a relatively new technology, and it DLL has been written for use with CheD. The file Chem-
is only recently that standard routines for Internet data WWSer.dll is installed on a computer running the Microsoft
exposure/searching have been included in packages for som¥VeD server. It transfers data to the CheD program running
SQL servers. Development of the server application is a ON @ remote computer and generates both HTML pages for
relatively simple procedure for data which can be presented@ny Web browser and HTML pages with references to
to the client as a text. But, the presentation and retrieval of ACtiveX controls for use with Microsoft Internet Explorer.
chemical information, e.g., structures and spectral data, | "€ Service ChemSQL.dllis used to import/export/browse/
require much more effort than usual data processing. edit chemical data stored on Oracle, Interbase, or MS SQL
Despite these general trends, local databases still play a5€Vers- The data from a SQL database can be easily
significant role in the presentation of chemical information  Ntégrated into a corporate database using the tools supplied
for example, the distribution of data on CD-ROM. SQL data With the CheD software.
cannot be distributed as such, because a SQL server has to Besides this novelty, CheD has another feature, also
be installed at a desirable location (at least, the client partPresent in specific programs such as ACDLabs Spec
of the SQL server). In addition, staff with appropriate Manages® This is sp.e.ctral database management, prediction,
knowledge are required to provide support for the SQL and Internet exposition.
server. At the moment we are not aware of any publicly
available Web site, which provides the ability to upload and 2. DATABASES
modify the content of a chemical information database. This
means that individual chemists and small companies need
local databases and applications to compile them.

In recent years database development has progressed i

A database size is limited to 10 GB, with the maximum
number of records being 10 000 000. Each database can
contain up to 500 data fields. Their types and descriptions
t E-mail: trep@ism.ac.ru. are shown in Table 1. Data associated with chemical structure
*E-mail: yarkov@ipac.ac.ru. Phone: 7-095-5245062. are stored in such a way thahemical structureis a
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Table 1. Field Types Supported by ChéD

maximal array range flag is field assigned available
N type dimensions available? searchable? to atoms? in ISIS?
1 chemical structure 1 - + — +
2 Brutto formula 0 - + — +
3 real (floating point) 9 + + + +
4 real+ units of measure 9 + + + -
5 integer 9 + + + +
6 Boolean 9 - + + +
7 string (single text line) 9 + + + +
8 text (multiply lines) 0 - + - +
9 list 9 - + + -
10 date 9 + + + +
11 picture (Bitmap or Metafile) 9 - - - -
12 OLE object 0 - - - +
13 packed array 0 - + - -
14 calculated (real value returns) 0 - + - +
15 user-defined function 0 - - - -
16 WWW link 1 — + — -
17 database link 1 - + - -
18 record 1 - - - +
19 custom data 0 - +\— — +

a Array dimensions: 0, scalar data; 1, vector; greater than 1, matrix with the maximal number of columns. “Assigned to atoms” means that
values may be associated with some atoms in the chemical structure.

mandatory field. Counterions are presented as a part of theand database. A list of predefined strings is provided to the
structure. Manipulations by way of chemical reactions, user when building the query.
however, are not supported. Standard search methods are yger-pefined FunctionThis data field is similar to the

used for the usual data fields. For example, one can execut§;gya|calculatedfield and gives the user the ability to define

an exact structure search, a substructure search, or a similarityis own equation for the value calculation. But, contrary to

search of data stored in t&ucturefield. Brief descriptions 5 cjculatedfield, a variable is defined for functionfield.

of the data types unique to CheD are shown below. The range is specified for the variable. The result of the
2.1. Database FieldsReal+ Units of MeasureThis data  gicyation is presented as a two-dimensional plot on the

type enables the recalculation of data during the run time ¢ een.

from one unit of measure to another, for example, heat ink This field | binati f L
capacity from kcal/mol to kJ/mol. Units of measure are ,W|WW Link This hle IS a combination of two sr:rlngs.
defined in lists, the first element of which is assumed to be diSPlayed textand the associated URL address. When a user
the main unit. Other list elements have linear recalculation Clicks the text, the cpntent of the associated URL is retrieved.
parametersA and B. All field values, except for those ~When a database is exposed over the WWW (see below),

measured in the main measurement unit, are recalculatedns type of field is shown as a hyperlink in an HTML

using the equation document. A search is performed as per regular text field_s:
one can define a fragment of a string in the address or in
value (unit of measurey the displayed text.
A+ B[value (main unit of measure)] Database LinkThis field defines the reference to a record

. o in another CheD database. It consists of a combination of

In the example above (heat capacity), the coeffickerg three fields: (1) displayed text; (2) the name and path of a
always zero. Recalculation with a shifA (s not zero) is  gatabase; (3) reference to a record. The reference may be to

required when, for example, chemical shifts in NMR spectra g chemical structure, an integer, a string field value, or a

are recalculated to another standard. Search of these dat@acord number. Clicking on a text will cause the appropriate
requires a definition of the unit of measure. If the data in y5tapase to be opened and the referenced record to be

some records have another unit of measure, they areyispiayed. Searching on the data is performed as for regular
recalculated to match the search measure. text fields.

Lists Some kinds of information in a database, e.g., e : . .
solvents, journal titles, etc., can be represented with diﬁergent Packed Array This field is manipulated withX, Y) pairs
strings, which have identical meanings. For example, one ©f values (e.g., a spectrum), when the values are
may define the solvent acetone as ACETONE or (CH3)- equ@lstant. Thepacked arrayfield storesY vall_Jes, and a
2CO. Such representations make the data difficult to search.Starting and ending value. The memory requirements are
To eliminate this problem, the information is presented as "€duced by a factor of 2. The Spline approximation (see
string data in indexed lists with an index key associated with PEIOW) is used for searching this data type.
each string. This has the advantage of both conserving disk Record The record does not contain any data by itself,
space and ensuring the standardization of spelling and thusbut rather connects some data fields into a single field. It is
completeness in searches. The usual drawback of this methodn attribute for a group of fields. The fields from Table 1,
is the incompatibility of data entered at different work places. which have ararray sizevalue greater than zero, can be
To overcome this incompatibility, CheD has a routine which inserted into aecord A recordcan have an array flag. The
compares data from two sources and creates a common lisaddition of a new element into such a record means the
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addition of a single element into all the fields defined in Chely
: :
this record. _ _ CheD session E  LTML session
Custom DataCheD can support virtually any kind of data e o 7
by adding the appropriate DLL. The DLL has to have §""‘;;,';‘;";;;;"9WEB ‘Any
server

. . . . n
methods which either pass a metafile picture to CheD or (Windows NT or 95) Any WEB browser

create a child custom control in the specified CheD area. AN
Fourier interferogram data (FID), which are registered by i ActiveX session
NMR spectrometers, are examples of theastomdata. ’

Local place

SQL database
Custom SearchCustom search procedures can be created server .
in DLLs. Custom search methods can be written for the data {Oracle, ' )
i i i P : Interbase Windows NT or 96
listed in Table 1. A DLL is responsible for the dialog MS SQL) client
generatior-query builder. A “mass-spectra neutral loss” [inciuding chemical | Microsoft internet

— S Jdata into corporative Explorer

search could be mentioned as an example.
database

Range Flag The data with this flag are treated as a range,
for example, boiling point 135137. Inside range and outside
range searches are available.

Array Size Some chemical data can be presented as arraySand the standard deviation. In addition, it allows the user to
For example, an infrared spectrum can be treated as an array).\vse through the relevant records

of pairs (wavenumber, optical density). Two values are 2.2. Import and Export of Data. A database can be

required to characterize each single point of an IR spectrum.exIoorted into another CheD database or SBEJCAMP-
Results of electron density calculations can be treated as aANinke files Import from these data files is also possible

array Ofx.’ Y, Z coordinates aqd the correspondin.g va_Iue. A Export is preceded by a fields to be exported selection dialog.
single point can be chafacterlzed by four'values in this case.Import into the existing database is started with field
CheD supports up to nine va!ues_ per point. The number of matching. Duplicate chemical structures are detected and
values is defined in tharray sizefield. All spectral data—_ displayed during import. Afterward they can be appended
MS, IR_‘ NMR, ESR, ete-can be presented as numerical or skipped. JCAMP files can store IR, NMR, and MS spectral
data with a nonzerarray size CheD has a number of query data and NMR peak table assignments. NMR peak table

builders to retrieve information for numerical data with a assignments are redefined automatically if data from a
nonzero value of tharray size and, hence, executes different JCAMP file record are merged with an existing record in
types of data searching. These search types include thethe database

following. A custom-written DLL can be used for the import and

(1) The search is executed within or outside a given range'.export of the database records. The predefined parameters

Several ranges may be entered. Each element of the array 'For DLL’s method are the filename and list of database fields

compared to determine if It is Iocatgd within the gVen - \vith auxiliary data—field type and array size. The DLL either
range(s). This type of search is convenient when a data f'eldexecutes a dialog to match fields or performs matching

contains a list of values, for example, boiling points for a automatically.

conzwp(\)/urrd, otf)tamedhfrom (tallfferedntf§0Lijr(:fes.th ber of The following formats are available for import and export
po(in?cs bae?negs dgtrefri?negogorireecofnlggner?trs ofan;or?n tecroﬁl dof data for selected fields: chemical structure, MDL Molfile,
be undefined. A similarity search is executed. This kind of oA MP-CS> Standard Molecular Data (SMB)IR spectra,
search is uséful for example, for mass spec.tra for a peak‘]CAMP’ Perkin-Elmer In_strumental; mass spectra, JCAMP,
' ' ' Finnigan Instrumental, Nicolett Instrumental; NMR spectra,

table generated from an IR spectrum, etc. .
. ' .. JCAMP, Aspect 2000/3000 FID (Bruker). A simple format
(3) For two-point arrays (IR, NMR, ESR spectra, etc.) with for array data was created. Data are written into an ASCII

honequalX steps,Y values are approximated by executing file. The number of columns per line is equal to the array

SpIIPehsimoot?lrll?. rA Slm'tlfnxitshegirf?hr'Sntjfed'ITS'Snkm(rijfr dimension (two for spectral data), and the number of lines
Search IS Usetul for spectra erent resolutions orior s equal to the number of data points.

Sug?ﬁﬁgﬁg;?:éf:ﬁsv.\/hich can vary from 0% to 100% Custom formats can be added by creating an appropriate
' y 0 > DLL. The DLL gives the format name and its type (import

ISSimuilii(i:': t(;e?a?tc%rm,g}teerql:ﬁéycﬁrrf Igfciif)?fl rg?tfhhéngm?;lj:r?tg Aor export or both) and defines the data types (integer, real,
y : P Y string, etc.) and the array size. When a control, which

search, the retrieved records can be arranged accordRyg to contains the described data, is activated, the custom format

factor value. X
Data Assigned to Atom3he types of data listed in Table becomes enabled in a popup menu.

1 can be associated with certain atoms in a chemical
structure. Several atoms can be assigned a single value, the
number being determined by the physical meaning of the 3.1. System Architecture.CheD can be considered as a
field. For example, the chemical shift in an NMR spectrum suite of three applications. CheD.exe is installed on the client
has to be assigned to a single atom, bond length to a pair,site. ChemWSer ISAPI DLL resides on the Web server.
and so on. A special data retrieval procedure was createdChemSQL DLL is installed on the client, and the client
for the numerical data assigned to atoms. A query substruc-routines for the selected SQL server are also installed on
ture is defined, and the atoms of interest are marked. Thethe client workstation. The program system configuration is
search returns a histogram of the matching values, the meanshown in Figure 1. One can browse and edit data at the local

Figure 1. Architecture of the CheD program system.

3. PROGRAM DESCRIPTION
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site in a typical way for local applications. CheD is an new forms or tables. Many forms and tables can be defined
Internet client, and the TCP/IP protocol is used for remote for a single database. Switching between them is performed
access of the database located on a Web server. HTTP.ochy selection from a list.
ActiveX control (Net Manage Inc.) is used to support the  Both tables and forms can be displayed on the screen at
client’s capabilities of CheD. The encoded binary data (not the same time. Divider movement during run time can vary
HTML documents!) are transferred during a session of CheD their relative sizes. The typical graphic interface is shown
with the Web server. The remote databases are read-onlyin Figure 2. Each form has multiple pages; switching is
and cannot be edited, but all other manipulations, such aspossible by clicking on the Tab control. If a page contains
search, selection, browsing, and export, are available fora single control, it may be resized to occupy the whole client
remote databases. Data, created at the local site, can bspace of the page. If the size of a control is greater than the
moved to the Web server for WWW exposure by simple displayed area, a scroll bar will appear. Note that a single
copying. If ChemSQL and the client application of a SQL data field may have several controls on a single form. This
server are installed at the local site, data can be moved to abecomes an important issue when the data might have
SQL server. In addition, if a SQL server contains any data, different representations for the user. For example, a mass
they can be downloaded and saved into the local databasespectrum may be presented both as a table/pf-intensity
Also, editing of the chemical data located on the SQL server values and as a picture in a single form. The modification
is available. of data in one control will automatically refresh the content
ChemWsSer, located on a Web server, is also used for datain the other controls defined for that data field.
exposure over the WWW. Besides a session with CheD, two Data which have a nonzewrray sizeflag are shown as
other types of sessions with Web clients are available. We a table by default. For numerical data, stored as an array,
shall call them “HTML” and “ActiveX” sessions. During  special controls were created. These controls are (1) a
these types of sessions, clients use the standard Internehistogram (one-dimensional array) ¥f Y values as peaks
browsers for the data presentation. (usually used to display mass spectra), X2) values with
3.2. CheD.The stand-alone application supports chemical Spline approximation between points (used for display of
databases. It was created as a multiple-document interfacdR, NMR, ESR, UV, and Raman spectra), (®) Y points
(MDI) application. All standard commandslatabase field  with a least-squares line, and (4) spectrum simulation from
definitions and their conversion, browsing and editing of data, intensity, half-width, an values (three-dimensional array).
searching, sorting, creation of data sets and manipulationsin addition, user-defined controls can be included in CheD
with them, import and export, clipboard operations, printing, to display multidimensional data. These are discussed below.
creation of forms and tables for data presentation and Bookmarks The results of a search and a database
printing—are available in CheD. They will not be discussed comparison are displayed as marked records. Instead of the
in this paper, except in the case that a command has beersearch, one can manually put and remove a mark for any
improved. A brief discussion of the new capabilities of CheD record. The content of the database can be browsed from
is presented below. one bookmark to another. Bookmarks can be inverted. A
Database HeadeCheD can be used to distribute chemical set can be made from the bookmarked records.
data on a CD-ROM. Copyrights to data depend on the owner. Multithreading Commands which do not change the
To manage databases from different sources, each databaseontent of the databaseearching, sorting, printing, export
has a header, which contains the copyright information, of data, and selection of data with listare executed in
contact person, E-mail, and home page location. The different threads. This gives a high level of flexibility to the
information is displayed on a toolbar. Clicking on E-mail or program. A user, for example, can execute a search and
Home Page URL will launch the E-mail program or Internet printout of a database while at the same time editing the
browser. Additionally, the header contains information about content of another database.
the database’s passwords. Three passwords can be defined Accurate Data CompilatiarTo eliminate errors introduced
for each database: the open password, the edit passwordgduring the data keypunching, input of the same data by two
and the export password. The open password protects theoperators is effective. The problem is how to compare these
database from unauthorized browsing, the edit passwordtwo data sets for differences and, hence, possible errors.
protects it from content editing, and the export password CheD has routines which compare two data sets to find
protects the database from exporting data into ASCII differences. These data sets have to have the same number
formatted files, e.g., SDF, JCAMP, or lists with values. of records. They must be sorted in order that the first record
Improved Graphic InterfaceA WYSIWYG graphic user  of the first data set should correspond to the first record of
interface for data presentation is used in most commercialthe second data set and so on. Fields to be compared are
software. This type of interface means that the data presentaselected by the user. Any type of field, including binary,
tion on the screen is identical to their appearance on papercan be compared. For binary fieldar(ays, OLE objects,
after printing. However, WYSIWYG technology has some pictureg comparison is made by the bit-to-bit method. The
disadvantages with respect to the data presentation on screemesults of a data comparison are presented as a text report
A sheet of paper, for example, has no scroll bars, while and can be stored in the database(s) Boaleanfield.
controls on screen do. Tab controls also can be used for Enhanced Data EditingCheD can treat the content of a
improvement of the data presentation. Their usage is database as a single document. The comntealch and
important for displaying spectral information, because the Replacescans the content of the database and replaces the
presentation of spectral data requires a large working areatarget value by the query value. Field types suclstasg,
CheD has two different kinds of forms and tables, for data text, integer, real, Booleanand list can be edited after
display and for printing. The user can edit them and define responding to the requested confirmation.
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C5H5CIN204S Methyluracil-5-sulfonylchloride

Figure 2. CheD graphical interface.

Deleting of multiple records by a single command is record pairs with identical contents for the selected field. A
possible. CheD can copy both single and multiple records database can be compared for duplicate records within itself.

from one database to another with field matching. Comparison by chemical structure is very fast, taking about

AtomrAssigned Property Predictiorsome types of data, 2 min to compare the contents of two databases with a size
which are centered on atoms, have transferability from of 100 000 records each (P-Il, 450 MHz, 128 MB of RAM).
structure to structure. This means that nearly equal numericalstereo-labeled atoms and bonds are not taken into consid-
values of a property are observed in different, but similar eration during chemical structure comparison.

structures. For example, chemical shifts in NMR spectra are Access to Remote Databas€eD is a client application

transferable. CheD has built-in routines for the estimation which supports network access to databases. The TCP/IP

of transferable properties. In the first step, the databases rotocol is used for data exchanae. Because this protocol is
having previously defined values are scanned to extract the” ge. P

value and structure fragments. The structural fragments arepart of the Windows operating system, no additional network

centered at the atom to which the property is assigned lfconfiguration is required for CheD to run. To expose a
i ) property 1S assighed. 1t o tabase for remote access, ChemWsSer ISAPI DLL, which
two (or more) identical fragments are found in different

: : is described below, must be installed on the server. The
structures, the average value and the dispersion of that ; .
remote database is read-only and cannot be edited. User

property are calculated. The fragments and the COrresloond'ngaccessible options are search, extraction loading, and sorting.

average values and the dispersions are stored in a Separat?hese methods are executed on the server side to reduce

file. To predict a value, the.target structure is divided into network traffic. A remote database can be downloaded to
fragments and the selected file is scanned for those fragments

. - the local site either in internal CheD format or as SDF or
If a fragment is found, the average value is displayed as the .
. JCAMP files.
predicted one. ) ) _

Database ComparisorSometimes it is necessary to be  Integration with Custom SoftwareCheD is an OLE
aware of duplicate records in a database(s). This problemautomation server. This means that applications created with
appears, for example, when external data are added to ar@ny high-level programming language can call predefined
existing database. The content of two CheD databases car-heD commands and get and put data. Some of the
be compared by Drag-and-Drop of the source database intoc@mmands which are accepted by CheD are Open Database,
the target. The pair of fields, which are compared, must be Change Current Record, Set Bookmarks, Make Set, Execute
defined. The selected fields should be one of the following Search, Edit Current Record, and many others.
types: chemical structure, Brutto formula, integer, real, Methods defined in the third-party DLLs can be called
real + units of measurestring, list Boolean, date The from CheD. A DLL which can be used by CheD must expose
results of the comparison are marked records, which can bemethods with predefined names. These methods with their
analyzed and/or deleted, a text report and a table displayingparameter lists are documented. To use any DLL with CheD,
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it is necessary to put it into the directory where the CheD.exe
file is located. CheD performs the registration of a DLL
automatically. Except for the above-mentioned DLLs for

J. Chem. Inf. Comput. Sci., Vol. 41, No. 1, 200105

(5) Calculates mass and isotopic distribution of a structural
fragment defined by “lasso” or bond splitting.
IR Spectrum Processin(ll) Spectrum subtraction, absor-

custom data type definition, custom graphics, custom formatsbance to transmittance interconversion, baseline correction,

(multiple- and single-record), and custom searching, CheD
supportscustom serice DLLs. These are discussed below.

Not only can CheD call methods from a DLL, but the
DLL can also call methods defined in CheD by the OLE
automation protocol. For example, a DLL can execute the
File Open dialog, pass the filename to CheD to open it, read
data from the first record, jump to the next and read the new
data, etc.

3.3. ServicesServices are not a part of CheD itself, but
are created in the DLLs. CheD automatically registers the
DLL, when it is copied to the CheD.exe directory, and the
command for this service execution becomes available from
the main menu of CheD.

Chemical CalculatorThis service contains simple meth-
ods which are used by chemists in their routine work.

(1) Reaction calculation: Calculates from Brutto formulas
(or structures) and stoichiometric equations weights and
volumes of reagents and products.

(2) Calculates possible Brutto formulas from the composi-
tion and calculates an error for the composition. Valence
checking is also possible.

(3) Recalculates concentration units: molar, normal, grams
per liter, percentage.

(4) Solution dilution. Calculates volume, weight, and
concentration for the mixture of two solutions.

(5) Calculates totalo, and & charges for a defined
chemical structure.

Chemical Structure File Processingl) Browsing and
editing of a chemical structure in files of the following
formats: MDL Molfile, MDL SDF, JCAMP-CS, SMD, HIN.
For the multistructure formats (SDF, JCAMP) viewing and
edition of a separate record is possible.

(2) Browsing, retrieving, and editing of the chemical

and spectrum shift and normalization.

(2) Spectrum editing point by point.

(3) Peak table generation.

(4) Contour decomposition. Approximates the spectrum
as a sum of Gauss or Lorentz contours.

NMR Spectrum Processin(ll) Calculation of transition
frequencies and their intensities from chemical shifts &hd
coupling constants using Hamiltonian diagonalization. The
simulated spectrum is presented using the spectrometer
frequency and half-width of the Lorentz contours. The values
of chemical shifts andJ coupling constants may be assigned
to atoms in a structure.

(2) Periodic table with relative nucleus frequencies, their
spins, the natural abundance of isotopes, and relative
sensitivities.

(3) Assignment checking. Compares values of the chemical
shifts assigned to an atom(s) with that defined in the training
set. The procedure was described in detail ealtier.

(4) Verification of the chemical shift axis direction. The
procedure was described earliér.

(5) Interconversion of chemical shifts using different NMR
standards.

JCAMP IR and NMR Files Reads the spectrum and
auxiliary information (spectrometer frequency, sample prepa-
ration, etc.) from a JCAMP file. Any kind of spectral
encoding-TABULAR DATA, PACKED, SQUEEZED,
DIFFERENCE, and DIFDUP forniscan be read. FID can
also be read. Both fast Fourier transformatfoand phase
correction are available.

3.4. ChemSQL.ChemSQL is a service DLL. It enables
the data exchange with the SQL server and allows one to
browse/edit the data stored on the SQL server. Using SQL

structure and auxiliary data directly in an SDF file. Searches technology, a database can be edited from different locations
by structural fragment and by text are available. A new data at the same time. The Borland database engine (BDE)
field can be added; existing ones can be renamed or deletedapproach is used for developing this application. Ideally,
The Find and Replace command for a substring in a datausing BDE, the same commands are used for different
field(s) is available. servers. In reality, slight modifications are required to create
(3) Batch converter of SCF files (ChemWindd#tp MDL the client application for a selected SQL server. Three SQL
Molfiles. servers-Oracle, MS SQL, and Interbasean be used for
(4) Batch converter of MDL Molfiles to an SDF file. data exchange with ChemSQL. All fields listed in Table 1,
(5) Structural similarity and diversityanalysis. Calculates ~ except for database link and WWW link, can be stored at
the similarity of structures and similarity of the database to SQL servers. Spectral information is also accepteeal,
a structure. Calculates and sorts the database by diversityinteger, string, text, Boolean, datandtime fields, if they
Selects the most diverse proposed structures. have neitherange nor atom assigneahor array flags, are
Mass spectrum processing a collection of procedures stored as native server variables. Other fields, inspite of
and algorithms used in mass-spectral research. havingrangeor assigned to atomfi$ags, are stored as BLOB
(1) Calculation of masses and isotopic distributions for a records. For application developers, ChemSQL contains
given Brutto formula. ActiveX controls to display and edit BLOB fields. Also, an
(2) Calculates the intensity of a peak for a given Brutto in-process OLE automation server is included to get BLOB

formula with isotopic composition. Examplé2C,'3C;35Cl,-
S7Cl,*H4. Natural abundance is assumed.

(3) Periodic table of the elements with abundance of
isotopes and their exact masses.

(4) Calculations of a Brutto formula from exact mass

data as WIN API HEnhancedMetafile and HBitmap in
memory structures. The Bitmap or Metafile pictures can be
inserted into custom reports.

Tables in a SQL database are created prior to execution
of data import. ChemSQL contains a command for the

measurements. List of elements and maximum and minimumcreation of tables with the appropriate field types. In the next
number of atoms that can be imposed as constraints. Thestep it is necessary to match the fields in CheD and in the
best candidates are presented in a sorted mode. SQL databases. Generation of scre¥€nshich are used for
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Figure 3. Web scenario of chemical data exposure.

substructure search acceleration, is made by the selection of:
a SDF file containing a list of screens. ;

3.5. ChemWSer.Chemistry applications of the Internet
have grown significantly during recent yearé® A number
of chemical databases are available on the Web. Structure
and substructure search engines are used to retrieve chemica
data. All of the above-mentioned servers are unique: they
are located at individual sites used as a part of a WWW
data presentation by their owners. ChemWSer is package
as a distributive application. It can be installed on Windows
NT/95/98 computers within minutes.

ChemWsSer consists of three applications: the setup
program, the administrative tools, and the ISAPI DLL. In
addition, a number of ActiveX controls are used for building
the data presentatierquery. ChemWSer Administrator is
an application which allows one to expose or to hide
databases on the Internet, to make links to HTML documents,
and to define DLLs for session termination (see below).
ISAPI DLL receives commands from a Microsoft or
Netscape Web server and gives a response to it. Using ISAPI
DLL instead of a CGI application has a number of advan-

tages: (1) initialization is performed only once, during the h is sh h . h
first call to the DLL; (2) the current user session parameters _ 1 he database contentis shown on the ActiveBrowser.htm

can be stored in memory and be available while browsing fOr @n ActiveX session and the DBNaviga.htm for an HTML
different HTML pages. ISAPI DLL performs three tasks session. The ActiveBrowser.htm contains an ActiveX control
(Figure 2). (Figure 4), which receives binary data from ISAPI DLL. It

(1) It receives and sends data to the CheD application. should be noted that the data are not pictures; for example,

CheD being a client, an internal (not HTML) format is used one can zoom'and scrolll the spectrum, save it in ‘]CAMP
for the data exchange. A number of services can be format, etc. Print and Display forms for data presentation

executed: search in databases, sort, and selection of data b§2" be selected. In an HTML session (Figure 5) data are
a list of values. The Search command is executed in the SNOWn as JPEG images. Itis possible to make a direct jump

background: when the first record is found, it is immediately t©© the query definition page or to browse the database
displayed to the client, and the search continues on the server?ome'?t' . _
As new records are found, they also become accessible. ~ Besides the selection of Search for Data, the client may

(2) It exposes the databases via the WWW. Two types of be used manually to select records by C"Cking the “Hit”
sessions, which are called Active and HTML, can be checkbox bothin HTML and in ActiveX sessions. The final

executed (Figure 3). selected records are used for the continuation of a session
(3) ISAPI DLL is a JPEG image source for the stored With a custom-written DLL (see below). All HTML pages
data—chemical structures, spectral data, OLE objects, etc. are generated dynamically. Because ChemWSer is distribu-
The Web scenario is shown in Figure 3. The thick arrows tive, pages are generated from templates. Templates contain
show possible entry points. A number of databases can bereserved keywords, which are substituted by ChemWSer.
exposed, and are presented to the clientaist.htne>. The Termination of a session with ChemWSer can be customized
client selects the database and the type of ses$#IML also. Two ways to terminate are the following.
or Active—from this page. If the selected database has (1) Two (or one) HTML pages might be defined for a
passwords for opening or exporting data (see above), thedatabase. For example, they might be called “OKPage” and
client has to submit them. Confirmation of the password for “CancelPage”. References to these pages are defined during
data export is required only for an Active session, wherein the administration of ChemWsSer. It is possible to make
the client can download a database and save its contents imeference to a single page or to not define a reference. A
a SDF or JCAMP file. The next step is to select the type of reference includes a page location and a button caption.

GFigure 4. ActiveX session data presentation.

data retrieving-either a field toSearchor the Retrieve all
command with the Fields.htm page. One can insert a
reference directly into this page as an HTML file; password
confirmation, if required, will be executed. If a field for a
search is selected, the query builder is presented. What type
of query builder depends on the data type stored in the
selected field. The query builder for a chemical structure
search differs for HTML and ActiveX sessions. For an
HTML session a Molfile with the query has to be created
using any available structure editor and the content has to
be inserted into the multiline text control. Otherwise an
ActiveX control is loaded for query structure building.
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Figure 5. Data presentation in the HTML session.

When the client looks for data, these buttons are visible on
the HTML page (or ActiveX control). Clicking on them will
cause a jump to the referenced page.

(2) A custom-written DLL might be assigned to a database.
The DLL should have a method which is exported by the
name “OKResponce”. The method has two parameters: a
filename, where identifiers of records selected by the client
are stored, and an output buffer. The buffer has to be filled
with text in HTML format. The session customization by
DLL gives administrators much more flexibility. For ex-
ample, the DLL may call the SQL server and select the data
with identifiers, stored in a file. Then, for example, the DLL
can provide the client with a list of articles or calculated
prices of selected compounds or make an invoice.

3.6. Implementation. Programs were tested on different
computers with Windows95, Windows98, and Windows NT
4.0 operational systems. Tests of time of command execution,
described here, were performed on a Pentium Il processor
450 MHz speed, 128 MB of RAM, Windows 98. The Delphi
3 Client-Server Suite (Borland Corp.) was used for the
development of the programs. Personal Oracle 7 for Win-
dows 95 (trial version), Oracle 7 Workgroup Server for NT
(trial version), Interbase SQL server 4.2 for Windows 95/
NT, and Microsoft SQL server version 6.50 were used for
testing ChemSQL. Microsoft Personal Web server 4.0
(Windows 98) and Microsoft Internet Information Server 4.0
(Windows NT) were used for the ChemWSer testing.

The minimal computer configuration to run CheD is an
Intel 486 100 MHz processor, 16 MB of RAM, Windows
95. Desirable configuration: Pentium processor, 32 MB of
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RAM. Additionally 24 bytes/ record in the database is
desirable. For example, if one manipulates a database with
1 000 000 records, a computer with 256 MB of RAM should
be used for the access.

Demo versions of the software described are available at
http://ched.ipac.ac.ru. Examples of data display via the
WWW can be found at http://www.chemical-block.com/read/
welcome.htm.
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