
 

 

 
 
 
 

DirectedDiversity 
User’s Guide 

 

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc.  
All rights reserved.   
 

 
 
 
 
 
 
 



Table of Contents 
 
DIRECTEDDIVERSITY ................................................................................................................................. 1 

USER’S GUIDE ................................................................................................................................................... 1 

TABLE OF CONTENTS..................................................................................................................................... 3 

CHAPTER ONE .................................................................................................................................................. 1 

INTRODUCTION................................................................................................................................................ 1 
OVERVIEW ......................................................................................................................................................... 1 
INTRODUCTION TO DIRECTEDDIVERSITY ........................................................................................................ 2 
ABOUT THESE MANUALS ................................................................................................................................... 3 
INSTALLATION INSTRUCTIONS ........................................................................................................................... 6 

CHAPTER TWO ................................................................................................................................................. 7 

 THE DIRECTEDDIVERSITY BROWSER.................................................................................................. 7 
OVERVIEW ......................................................................................................................................................... 7 
THE BROWSER WINDOW.................................................................................................................................... 8 
OPEN COLLECTIONS AND LIBRARIES ............................................................................................................... 19 
VIEW COLLECTIONS AND LIBRARIES ............................................................................................................... 20 
VIEW COLLECTIONS AND LIBRARIES ............................................................................................................... 21 
EDIT COLLECTIONS.......................................................................................................................................... 28 
CUSTOMIZE BROWSER ..................................................................................................................................... 30 
CREATE ZBI FILES........................................................................................................................................... 35 
CREATE NEW COLLECTIONS ............................................................................................................................ 36 
SUMMARY OF MOUSE AND KEYBOARD COMMANDS........................................................................................ 39 

CHAPTER THREE ........................................................................................................................................... 41 

USING THE EXPLODER ................................................................................................................................ 41 
OVERVIEW ....................................................................................................................................................... 41 
SELECT EXPLODER........................................................................................................................................... 43 
ENTER A REACTION SCHEME ........................................................................................................................... 44 
DEFINE THE OUTPUT FILE ................................................................................................................................ 45 
SELECT REAGENTS........................................................................................................................................... 47 
RUN EXPLODER................................................................................................................................................ 49 
VIEW EXPLODER RESULTS............................................................................................................................... 49 
VALIDATE EXPLODER RESULTS ....................................................................................................................... 51 

CHAPTER FOUR.............................................................................................................................................. 55 

USING THE DESCRIPTOR GENERATOR.................................................................................................. 55 
OVERVIEW ....................................................................................................................................................... 55 
DESCRIPTOR CALCULATION............................................................................................................................. 56 
SELECTION OF DESCRIPTOR TYPES .................................................................................................................. 58 
SELECTION OF NORMALIZATION OPTIONS ....................................................................................................... 60 
SELECTION OF  PRINCIPAL COMPONENT ANALYSIS OPTIONS........................................................................... 62 
SELECTION OF NON-LINEAR MAPPING OPTIONS.............................................................................................. 64 
RUN DESCRIPTOR GENERATOR ........................................................................................................................ 69 
USER-PROVIDED SCRIPTS ................................................................................................................................ 71 



CHAPTER FIVE ............................................................................................................................................... 73 

2D SCATTER PLOTS....................................................................................................................................... 73 
OVERVIEW ....................................................................................................................................................... 73 
CREATE 2D SCATTER PLOTS............................................................................................................................ 74 
VIEW 2D SCATTER PLOTS................................................................................................................................ 82 
USE 2D SCATTER PLOTS.................................................................................................................................. 98 
SUMMARY OF MOUSE AND KEYBOARD COMMANDS...................................................................................... 103 

CHAPTER SIX ................................................................................................................................................ 105 

3D SCATTER PLOTS..................................................................................................................................... 105 
OVERVIEW ..................................................................................................................................................... 105 
CREATE 3D SCATTER PLOTS.......................................................................................................................... 106 
VIEW 3D SCATTER PLOTS.............................................................................................................................. 115 
USE 3D SCATTER PLOTS................................................................................................................................ 136 
PRINTING AND EXPORTING IMAGE FILES ....................................................................................................... 141 
SUMMARY OF MOUSE AND KEYBOARD COMMANDS...................................................................................... 142 

CHAPTER SEVEN.......................................................................................................................................... 143 

 USING THE SELECTOR TOOLS ............................................................................................................... 143 
OVERVIEW ..................................................................................................................................................... 143 
SEARCH MENU TOOLS ................................................................................................................................... 144 
SELECT MENU TOOLS .................................................................................................................................... 152 
MULTI-OBJECTIVE SELECTOR........................................................................................................................ 160 
COMBINATORIAL SELECTOR .......................................................................................................................... 180 

CHAPTER EIGHT.......................................................................................................................................... 187 

USING COMBINATORIAL NEURAL NETWORKS ................................................................................ 187 
OVERVIEW ..................................................................................................................................................... 187 
INTRODUCTION TO CNNS .............................................................................................................................. 188 
SETTING UP CNN TRAINING .......................................................................................................................... 191 
COMPUTING DESCRIPTORS FOR REAGENTS.................................................................................................... 192 
CONFIGURING CNN OPTIONS ........................................................................................................................ 194 
TRAINING CNNS............................................................................................................................................ 197 
USING TRAINED CNNS .................................................................................................................................. 199 

CHAPTER NINE ............................................................................................................................................. 201 

USING QSAR TOOLS .................................................................................................................................... 201 
OVERVIEW ..................................................................................................................................................... 201 
SELECTING A QSAR METHOD ....................................................................................................................... 202 
SETTING UP THE DESCRIPTOR GENERATOR ................................................................................................... 205 
CONFIGURING QSAR TRAINING OPTIONS ..................................................................................................... 205 
TRAINING QSAR MODELS............................................................................................................................. 210 
VISUALIZING THE TRAINING RESULTS ........................................................................................................... 211 
USING TRAINED QSAR MODELS ................................................................................................................... 213 

INDEX............................................................................................................................................................... 215 
 
 



Chapter One 
Introduction 
 
 
 
 
 

Overview 
 
This chapter will familiarize the user with the DirectedDiversity process and explain how to 
use this manual. 
 
Specifically, this chapter includes the following sections: 

• Introduction to DirectedDiversity 

• About this Manual 

• Installation Instructions 

The following table identifies the appropriate section to read in order to learn how to perform 
a specific task. 

 
To learn more about …  Read the section…. See page 
DirectedDiversity process Introduction to DirectedDi-

versity 
2 

The Purpose of this manual About this manual 3 
Scope of this manual  3 
How to use this manual  3 
Standard and typographical conventions  5 
Special terminology  6 
Installing the software on your computer Installation Instructions  6 
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Introduction to DirectedDiversity 
 
The DirectedDiversity suite of programs offers powerful tools for the design, assembly, and 
analysis of combinatorial libraries.  Access to most of these tools is provided from within the 
DirectedDiversity Browser.   

The DirectedDiversity Process 
The first step in the design of any library is the assembly of a set of potential reagents.  You 
will learn how to do this in Chapter Two.  Reagents may be provided in either SDF or 
SMILES format (see Reference One for a description of SMILES file formats).  In cases 
where the reaction decorates a common core, one reagent `set' will be the core structure. 
 
Next, the Exploder, discussed in Chapter Three, will use a reaction script to create a combi-
natorial library.  The reaction script, in the form of a Tcl scripting language procedure, is used 
to specify the reacting groups of each reagent and how they are modified by the reaction. The 
reaction script may be created within the DirectedDiversity Browser or in a text editor of 
your choice.  If a word processing program is used, be sure to save the file as plain text.  The 
reaction scripting language is discussed in Reference One.  When the combinatorial library is 
generated, a log file is created that provides some statistics on the reagents and products and 
assists in validating results. 
 
After the combinatorial library is generated, molecular descriptors are calculated.  These may 
include Kier-Hall (kh1), Ghose-Crippen (gc1), Lipinski (lip1), or user-defined descriptors.  
See Reference Two, Command Utilities, for more details about descriptor calculation. Chap-
ter Four discusses the Descriptor Generator which not only allows calculation of the descrip-
tors but also normalizes them, performs principal component analysis and produces  2D and 
3D non-linear maps.  Chapter Four also covers working with user-defined descriptors. 
 
2D and 3D non-linear maps can be viewed by using the 2D and 3D Scatter Plot viewers de-
scribed in Chapters Five and Six.  
 
The Selector, discussed in Chapter Seven, provides for the selection of molecules based on 
similarity or diversity: 

• From a single collection 
• From multiple collections using multiple criteria 
• From very large combinatorial libraries 
• From collections or libraries using user-defined criteria  

Once the compounds from a combinatorial library are selected, one can identify the reagents 
that were used to generate these compounds according to the library reaction scheme. 
 
Finally, the selection of molecules can be analyzed and refined using various tools within the 
DirectedDiversity Browser. 
 
Some of the tasks performed by the DirectedDiversity Browser are executed by external 
Perl scripts that are generated and spawned by the Browser. In this version of the software, 
the user should always view the output log files created by the scripts to check for possible 
warning messages that are not captured by the Browser.  
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About these Manuals 
 
This section will familiarize you with the purpose, scope, and use of the DirectedDiversity 
manuals. 

The purpose of these manuals 
The User’s Guide Manual describes how the DirectedDiversity suite of programs works. 
The Tutorial Manual provides step-by-step tutorials on how to perform common tasks.  The 
Reference Manual contains background information.  You can use these manuals when you 
need information on how to perform a task or to train new users. 

The scope of these manuals 
These manuals are designed to provide the necessary instructions and information needed to 
enable someone with background knowledge of combinatorial chemistry and MS Windows® 
to use the DirectedDiversity suite of programs.  They should enable the user to perform 
various tasks and develop an understanding of how the program works. 

How to use these manuals 
These manuals are organized into four parts.   

• The first part is a User’s Guide that provides basic information on how to use 
the DirectedDiversity suite of programs.   

• The second part is a series of Tutorials to help a new user learn how to 
perform common tasks.  These tutorials are arranged in the order of increasing 
complexity. 

• The third part, Reference, provides background information on the 
DirectedDiversity reaction language, command utilities, file formats and additional 
information. 

 
The following table outlines the information contained within the User’s Guide part of these 
manuals and which chapter to refer to for more information. 
 
To learn more about …  Read … 
The DirectedDiversity process User’s Guide Chapter One,  

Introduction 
Viewing and creating collections User’s Guide Chapter Two,  

The DirectedDiversity Browser 
Creating Zero Based Index (ZBI) files  
Creating combinatorial libraries User’s Guide Chapter Three, 

Using the Exploder 
Calculating descriptors User’s Guide Chapter Four, 

Using the Descriptor Generator 
User’s Guide Chapter Eight 
Using Combinatorial Neural Networks 
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Continued from previous page. 
To learn more about …  Read … 
Creating 2D scatter plots User’s Guide Chapter Five, 

2D Scatter Plots 
Viewing 2D scatter plots  
Mapping compounds in 2D scatter plots  
Using 2D scatter plots  
Creating 3D scatter plots User’s Guide Chapter Six, 

3D Scatter Plots 
Viewing 3D scatter plots  
Mapping compounds in 3D scatter plots  
Using 3D scatter plots  
Selecting molecules from a single collection us-
ing the Search Menu tools 

User’s Guide Chapter Seven, 
Using the Selector Tools 

Selecting molecules from a single collection us-
ing the Select Menu tools 

 

Selecting molecules from multiple collections 
with multiple criteria using the Multi-Objective 
Selector 

 

Selecting molecules from very large combinato-
rial libraries using the Combinatorial Selector 

 

Building QSAR models User’s Guide Chapter Nine 
Using QSAR Tools 

 
The following table identifies the common tasks described in the Tutorial part of these 
manuals and which Tutorial to refer to for practice in performing a given task. 

 
To learn more about …  Read … 
Assembling collections Tutorial One, Assemble a Collection 
Creating combinatorial libraries Tutorial Two,  

Create a Combinatorial Library 
Calculating descriptors Tutorial Three, Calculate Descriptors 
Creating 2D and 3D scatter plots Tutorial Four, Create Scatter Plots 
Creating ZBI files from scatter plots Tutorial Five, Create ZBI Files 
Selecting molecules based on diversity Tutorial Six, Select Diverse Structures 
Selecting molecules based on similarity Tutorial Seven, Select Similar Struc-

tures  
Selecting molecules based on multiple objectives Tutorial Eight, Use Multi-Objective 

Selector. 
Selecting molecules from very large libraries Tutorial Nine, Use Combinatorial Se-

lector 
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The following table outlines the information contained within the Reference part of these 
manuals and which reference to refer to for more information. 
 
To learn more about …  Read … 
Reaction language Reference One 
Command utilities Command utilities documentation 
File formats Reference Three 
SMILES  Reference Four 
SMARTS  Reference Five 
Perl scripts Reference Six 

 

Standard conventions 
To make these manuals easy to read, they use standard guidelines, or conventions.  In other 
words, formatting for specific items within the text will always be presented in the same way.  
For example, dialog box names are printed in Tahoma font and all caps, such as the 
OUTPUT FILE dialog box. 

Typographical Conventions 
These manuals use the following typographical conventions. 
 
Item  Depicted as: For example: 
Menu name Tahoma font, all caps, bold The FILE menu 
Toolbar name Tahoma font, all caps, bold The PAGER toolbar 
Menu command Tahoma font, initial cap, 

bold 
The Open file command 

Toolbar buttons Tahoma font, initial cap, 
bold 

The Invert Selection button 

Dialog box name Tahoma font, all caps Type the desired file name in the 
EXPLODER SETUP dialog box 

Dialog box field name Tahoma font, initial cap Reaction Scheme 
Text entry Courier (PCL6) font Enter the file name Amine.sdf 
Keyboard keys Tahoma font, initial cap 

enclosed in < > 
Press and hold the <Ctrl> and 
<Shift> keys  
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Special terminology 
The following table provides definitions for some of the terms used in the DirectedDiver-
sity suite of programs 
 
Term  Definition 
Collection A SDF or SMILES file containing one or more molecules.  Can 

refer to a library or a collection of reagents. 
Library A collection of molecules generated computationally by com-

bining a number of given reagents in all possible combinations 
according to a specified reaction scheme. A library is normally 
stored in a combinatorial library (CLB) file. 

Set A group of data points in a 2D or 3D scatter plot with common 
properties that originated as a single selection of structures from a 
collection or library. 

 

Installation Instructions 
 
Installation instructions are available on the installation CD. 
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Chapter Two 
 The DirectedDiversity Browser 
 

Overview 
 
This chapter will familiarize the user with the DirectedDiversity Browser.  The browser 
provides access to the DirectedDiversity tools and a convenient way of viewing and 
creating compound collections and libraries. 
 
Specifically, this chapter includes the following sections: 

• The Browser Window 

• Open Collections and Libraries 

• View Collections and Libraries 

• Edit Collections and Libraries 

• Create Zero Based Index (ZBI) files  

• Create New Collections 

• Summary of Mouse and Keyboard Commands 

The following table identifies the appropriate section to read in order to learn how to perform 
a specific task. 

 
To learn more about …  Read the section…. See page 
Starting the Browser The Browser Window 8 
Browser menus  8 
Browser toolbars and status bar   14 
Browser mouse functions  17 
Browser keyboard commands  17 
Opening collections and libraries Open Collections and Libraries 19 
Viewing collections and libraries View Collections and Libraries 21 
Editing collections and libraries Edit Collections and Libraries 28 
Customizing the Browser Customize Browser 30 
Creating zero based index (ZBI) files Create Zero Based Index Files 35 
Creating new collections Create New Collections 36 
Mouse and Keyboard Commands Summary of Commands 39 

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 7 



The Directed Diversity Browser  DirectedDiversity Release 3.5 

The Browser Window 
 
In this section we describe the browser window and the functions that are available from the 
drop down menus, toolbars, mouse and keyboard. 

Opening the Browser Window 
 
Step  Action 
1 Click on the Start menu button 
2 Click on DirectedDiversity 3.5 
3A Click on DD Browser 3.5 or,  
3B Click on DD Browser 3.5 3D if an OpenInventor license is 

available. 
 

The Browser window will open. 
 

 

 

Browser Menus 
The browser menus access the basic commands for opening and manipulating collections and 
libraries, as well as the DirectedDiversity tools and graphic mapping functions.  The 
specific commands displayed or available are content-dependent and will change with the 
screens being viewed and objects selected.  The menus are constructed using the standard MS 
Windows formatting and functions.  
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File Menu 
Contains the following commands: 

 
Menu Selection Function 
New Open a new document.   A new collection or library file 

is created if this window is later saved. 
Open Open the standard MS Windows OPEN dialog box for 

selecting an existing document to open. 
Close Close the active document. 
Save  Save the active document. 
Export As Save the active collection document as an SDF or 

SMILES file.  Save 3D Scatter Plot Viewer views in 
VRML (Virtual Reality Markup Language) for viewing 
with the mapviewer utility or another VRML viewers, 
Bitmap (BMP), Postscript, or RGB formats.  The 
standard MS Windows SAVE AS dialog box appears 
for designating the file name and location. 

Print Print the current page view. 
Page Setup Open the PAGE SETUP dialog box that provides means 

for customization of page setup for printing. 
Print Preview Show a preview of a document as it will be printed. 
Print Setup Open the PRINT SETUP dialog box to select printing 

options. 
Recent files Open a recently accessed file.  Shows a list of recently 

accessed files for easy opening. 
Exit Exit DirectedDiversity Browser. 

 
Edit Menu 
Contains the following commands: 
 

Menu Selection Function 
Undo Undo previous action. 
Cut Cut the selection to the clipboard. 
Copy Copy the selection to the clipboard. 
Paste Paste the selection from the clipboard. 
Delete Delete the selected structures from the file.   

Caution: They do not go to the clipboard, therefore 
they cannot be pasted into another document.  Undo 
will bring them back. 

Paste Special Optional feature. 
Beautify Beautify the active SDF file to enhance the appearance of 

the structures over the original atomic 2D coordinates.  
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       Continued from previous page. 
Add Tag… Add a tag to all the structures in the collection. 
Properties Open the PROPERTIES dialog box to customize the 

display settings of the grid and molecular structures. 
Save Properties Saves the current settings in the user profile. 

 
View Menu 
Contains the following commands: 
 

Menu Selection Function 
Info Displays information about the active document. 
Spreadsheet Optional feature. 
Main Show or hide the Main Toolbar. 
Pager Show or hide the Pager Toolbar. 
Graph Show or hide the Graph Toolbar. 
Tools Show or hide the Tools Toolbar. 
Status Bar Show or hide the Status Bar. 

 
Select Menu 
Contains commands related to the selection of structures.  Selected structures within an active 
window become highlighted. 

 
Menu Selection Function 
All Select all structures in the active collection. 
None Unselect all structures in the active collection. 
Range … Open the RANGE dialog box to select structures within 

a specified range of molecule numbers. 
Invert Select the unselected and unselect the selected structures. 
Highlight Highlight the structures selected on a scatter plot in the 

collection window(s). 
Random… Open the RANDOM SELECTION dialog box to 

randomly select a specified number of molecules from 
the entire collection or a selected portion of the 
collection. 

Diverse… Open the DIVERSITY SELECTION dialog box to select 
a specified number of diverse molecules from the entire 
collection or a selected portion of the collection. 

Similar… Open the SIMILARITY SELECTION dialog box to 
select a specified number of molecules that are similar to 
specified lead(s) from the entire collection or a selected 
portion of the collection. 

Apply Filter 
File… 

Open the SIMILARITY SELECTION dialog box to select 
compounds that pass the filters specified in a filter file. 
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        Continued from previous page. 
Run Script… Select compounds using an external script.  Optional 

feature. 
Copy ZBI Copy the indices of the selected molecules into clipboard.
Paste ZBI Paste the indices stored in the clipboard into a collection. 
Compare ZBI Compare indices stored in two ZBI file. 
List Tags… Lists the names of any tags in a structure file. 
List Reagent 
Tags… 

Lists the tags of reagent molecules of a combinatorial 
library. 

Import… Open the standard MS Window OPEN dialog box to 
specify an existing Zero-Based Index (ZBI) file 
containing indices of the structures to be selected. 

Import 
Reagents… 

Specify ZBI files containing indices of the reagents to 
select all corresponding products in a combinatorial 
library.  Pressing the Cancel button in the OPEN dialog 
box for any of the reagent sets (R1, R2, etc.) offers an 
option of selecting all reagents in the set.  

Export… Save the structures selected in the active collection in a 
file of the specified type (SDF, SMILES or ZBI).  A ZBI 
file only contains the indices of the selected structures. 
Also allows the export of the names and tags of the 
selected structures into a text file. 

Export 
Reagents… 

Save the reagent structures for the selected products in 
the active library window in files of the specified type 
(SDF, SMILES or ZBI).  A ZBI file only contains the 
indices of the selected structures. Also allows the export 
of the names and tags of the reagents for the selected 
structures into a text file. 

 
Search Menu 
Contains the following commands: 

 
Menu Selection Function 
Search… Open the SEARCH dialog box to search by property, 

substructure or tag. 
Exact Search… Open the EXACT SEARCH dialog box to search for a 

specific structure from the entire collection, a selected 
portion of the collection, or the unselected portion. 

Find Duplicates... Find duplicate structures in a structure collection 
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Graph Menu 
Contains the following commands: 
 

Menu Selection Function 
2D Scatter Create a 2D scatter plot. 
3D Scatter Create a 3D scatter plot. 
Histogram Create a histogram (Optional feature). 

 
Database 
Contains the following commands (may not be available in this version): 
 

Menu Selection Function 
3DP Optional feature. 
ACD Optional feature. 
Chemical Inventory Optional feature. 
Load Query Optional feature. 
Save Query Optional feature. 
Exec Query Optional feature. 

 
Tools Menu  
Provides access to the following tools:  
 

Menu Selection Function 
Exploder Set up and run the Exploder tool to create a virtual library 

and display the resulting structures. 
Selector • Multi-Objective selector for small to medium 

sized collections or libraries.  
• Combinatorial selector for large libraries. 

Descriptor  Set up the descriptor generator to calculate descriptors. 
QSAR Set up and train predictive models using multi-linear 

regression, neural networks and k-nearest neighbor 
algorithms. 

Utilities Select the Stress command utility to compute the stress of 
two matrices. 

Confo. Search Optional feature. 
Docking Optional feature. 
Alignment Optional feature. 
Plate Manager Optional feature. 
Synthesis Optional feature. 
Analytical Optional feature. 
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                     Continued from previous page. 
Menu Selection Function 
Screening Optional feature. 
ThermoFluor® Optional feature. 
Purchasing Optional feature. 
Process Manager Open the Process Manager window to monitor and 

control programs and scripts spawned by the Browser. 

 
Window Menu 
Contains the following commands: 
 

Menu Selection Function 
New Window Open another window for the same collection.  Can be 

used to: 
• Select different structure subsets from the same 

collection in different windows. 
• View different ranges of the same collection by 

placing windows side by side. 
Cascade Arrange windows so they overlap. 
Tile Arrange windows as non-overlapping tiles. 
Arrange Icons Arrange icons of minimized structure and graph windows 

at the bottom of the main window. 
List of open 
windows 

At the bottom of the Window menu is a list of the 
currently opened Browser windows.  The active one is 
indicated with a check mark.   

 
 Help Menu 

Contains the following commands:  
 

Menu Selection Function 
About Browser Display program information, version number and 

copyright. 
About 
DirectedDiversity 

Go to DirectedDiversity home page. 

About 3DP Go to 3-Dimensional Pharmaceuticals, Inc. home page. 
Submit Feedback View information on how to submit bug reports and 

comments.  
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Browser Toolbars and Status Bar 
There are five toolbars displayed on the Browser window.  They are the: 

• Main Toolbar 
• Pager Toolbar 
• Graph Toolbar 
• Tools Toolbar 
• Database Toolbar 

Each toolbar and its corresponding buttons are described below.  By moving the mouse over 
the buttons their name appears (see 1 below) and an explanation of their function is displayed 
in the Status Bar (see 2 below) at the bottom of the Browser window.  Each toolbar can be 
dragged with the mouse and positioned in a different location, if so desired. 
 

1 

 2 
 
The Status Bar is located at the bottom of the Browser.  It gives an explanation of the 
function of menu and toolbar commands as they are highlighted.  For example when the print 
button is highlighted, as it is in the above screen, we see the explanation “Print the active 
document” displayed in the Status Bar.  
 
Main Toolbar 
The Main Toolbar contains standard Windows buttons with some variation in function.  
 

 
Button Name Function 
New Create a new document. 
Open Open an existing document. 
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Save Save the active document. 
Cut Cut the selection to the clipboard. 
Copy  Copy the selection to the clipboard. 
Paste Paste the selection from the clipboard. 
Print Print the active document. 
About Display program information, version number and copyright. 

 
 
Pager Toolbar 
The Pager Toolbar contains buttons for viewing and selecting structures.  

 
 

Button Name Function 
Beginning of File Go to the beginning of the file.  Structure number 0 appears in 

the upper left corner. 
Scroll Up Scroll up one page. 
Row Up Scroll up one row. 
Up Scroll up one structure. 
Down Scroll down one structure. 
Row Down Scroll down one row. 
Scroll Down Scroll down one page. 
End of File Go to the end of the file. 
Prev Selected Go to the previous selected structure. 
Next Selected Go to the next selected structure. 
Select All Select all structures in the current view. 
Clear All Unselect all structures in the current view. 
Invert Selection Select the unselected and unselect the selected structures. 
Highlight Selection Highlight the structures selected in a 2D or 3D scatter plot in 

Browser structure views. 
 

 Graph Toolbar 
The Graph Toolbar contains buttons for using the DirectedDiversity graphical viewing 
tools.  

 

 
Button Name Function 
Create 2D Scatter Plot Create 2D scatter plot. 
Create 3D Scatter Plot Create 3D scatter plot. 
Histogram Create a histogram (Optional feature). 
Spreadsheet Create a spreadsheet view (Optional feature). 
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Tools Toolbar 
The Tools Toolbar contains buttons for using the DirectedDiversity tools.  

 
 
Button Name Function 
Search  Search an external database (Optional feature). 
Exploder Create a virtual library and display the structures. 
Descriptor Set up and run the Descriptor Generator to calculate descriptors 
Multi-Objective 
Selector 

Spawn multi-objective selector for small to medium sized 
collections. 

Combinatorial Selector Spawn combinatorial selector for very large libraries. 
Qsar Calculate structure-activity correlations (Optional feature). 
CNN Set up, train and use combinatorial neural networks to predict 

properties of combinatorial compounds from the computed 
properties (descriptors) of the respective reagents or building 
blocks.   

 
Database Toolbar 
The Database Toolbar contains buttons for using the DirectedDiversity database tools.  
 

 
Button Name Function 
Query 3DP Search 3DP database  (Optional feature). 
Query ACD Search Available Chemical Directory (Optional feature). 
Query Chemical 
Inventory 

 
Query the chemical inventory (Optional feature). 

Select and Query 
Database 

 
Select and query a database (Optional feature). 

 
Status Bar 
The Status Bar gives an explanation of the function of menu and toolbar command as they are 
highlighted or the status of the Browser. 
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Browser Mouse Functions 
Most of the mouse functions within DirectedDiversity® such as clicking on toolbar icons, 
selecting menu commands and using scroll bars are the same as in MS Windows.  Below are 
some specific uses of the mouse in DirectedDiversity® Browser: 
 
Mouse Action Function 
Click on structure Toggle between selecting and de-selecting structure. 
Double-click on structure Display the structure in a resizable pop-up window. 

This window is independent of the original structure 
and will remain in view until closed. 

Drag mouse (Click and hold left 
button while moving mouse) 

Select a group of structures within a collection.  Hold 
down <Shift> key and drag the mouse. 

Drag and drop Copy structures from one collection to another 
• For a single structure, hold down <Ctrl> key and 

drag mouse then release mouse button when over 
the collection the structures are to be pasted to. 

• For multiple structures, hold down <Ctrl> and 
<Shift> keys while dragging and releasing the left 
mouse button. 

Right mouse click Open pop-up menus and dialog boxes.  Ones with 
specific application to DirectedDiversity® will be 
discussed later in the appropriate sections. 

 
There are additional mouse commands that are used in the 2D and 3D Scatter Plot Viewers.  
These will be discussed in Chapter Five and Chapter Six. 

Browser Keyboard Commands 
Like in other MS Windows applications, keyboard commands that correspond 
to menu selections are listed to the right of the selection in the respective 
menus.  For example, the keyboard command to select all the structures in a 
collection is <Ctrl> <A>, see menu at left.  Key commands specific to 
DirectedDiversity® are listed in the table below. Also, menus and menu 
commands can be selected by holding the <ALT> key, pressing the underlined 
letter of the menu title and then the underlined letter of the menu selection 
without releasing the <ALT> key.  For example, holding the <ALT> key and 
pressing <S> and then <N> will clear the present selection.  
 

Key Command Action 
<Ctrl> <B> Toggle a collection of SDF structures between a beautified view 

and the original coordinate view.  
<Ctrl> <A> Select all the structures in a collection. 
<Ctrl> <Shift> <A> Unselect all the structures in a collection. 

 
 

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 17 



The Directed Diversity Browser  DirectedDiversity Release 3.5 

Continued from previous page. 
Key Command Action 
<Ctrl> <I> Open the DOCUMENT INFO dialog box for the active window. 

This dialog box indicates the filename and path of the collection 
(see 1 below), total number of structures (see 2 below) in the 
collection and the number of structures selected (see 3 below) in the 
collection. 

<Ctrl> <T> Select the unselected and unselect the selected structures. 
<Ctrl> <F> Open the SEARCH dialog box for finding structures. 
<S> Select the structure under the mouse cursor. 
<B> Beautifies the structure located under the mouse cursor based on a 

stochastic algorithm.  Each time the key is pressed a different view 
appears. This beautification of a structure is temporary.  The 
structure will remain in the new view as long as it stays visible in 
the active window.  When it leaves the visible range of the active 
window it reverts back to the original coordinate view. 

<R> Restore structure beautified by the <B> key to its original 
coordinate view. 

<3> View a simple 3-dimensional representation of the structure located 
under the mouse cursor. The atom 3D coordinates are taken directly 
from the structure collection file, so this feature is mostly useful 
when 3D coordinates are provided in an SDF file. Open Inventor 
license required). See figure below. 

<Home> Go to the beginning of the file.  Structure number 0 appears in the 
upper left corner. 

<Page Up> Scroll up one page. 
<↑> Scroll up one row. 
<←> Scroll up one structure. 
<→> Scroll down one structure. 
<↓> Scroll down one row. 
<Page Down> Scroll down one page. 
<End> Go to the end of the file. 
<Ctrl> <←> Go to the previous selected structure. 
<Ctrl> <→> Go to the next selected structure. 
<Del> Delete selected structures from the file.  Caution: They do not go 

to the clipboard, therefore they cannot be pasted into another 
document.  The delete can be undone by selecting Undo under 
the EDIT menu. 

<Ctrl> <C> Copy a selection to the clipboard. 
<Ctrl> <V> Paste a selection from the clipboard. 
<Ctrl> <Z> Undo the previous action. 
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2- and 3-dimensional representations of a single compound can be viewed by double-clicking 
on a structure or pressing the key <3> while the mouse cursor is over the structure, 
respectively. 
 

Open Collections and Libraries 
 
Opening collections and libraries in DirectedDiversity Browser is similar to opening files in 
other MS Windows applications.  The Browser will only open SDF, SMILES or CLB 
(combinatorial library) files.  To open a collection or library, follow the steps in the table 
below. 
 
Step  Action 
1A Select Open under the FILE menu. 
1B Or click the Open button on the MAIN Toolbar. 
2 The standard Windows OPEN dialog box will appear, see below. 
3 Designate the appropriate folder in the Look In field.  See 3 below. 
4A Type the file name in the File Name field and click Open.  See 4A below.  Or, 
4B Double click on the desired document file.  See 4B below. 
5 The designated document will open with structures displayed.  See next page. 

 

3 

4B 

4A
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  5 

 
Additional collections and libraries can be opened using the above procedure.   
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View Collections and Libraries 
 
The browser displays the structures in a grid.  The grid positions are numbered across and 
down from zero (0) for the first structure in the collection or library (upper left-hand corner) 
to whatever number represents the last structure in the collection.  The left side of the toolbar 
at the bottom of the window displays the number of the grid cell currently in the upper left-
hand corner of the view, 20 in the window shown on the previous page. 

Viewing Structures 
To view the structures you can navigate through the collection or library by using the scroll 
bar at the bottom of the collection window, buttons on the PAGER Toolbar, keyboard 
commands, or by typing a desired structure’s index in the box on the left side of the toolbar at 
the bottom of the window. 
 
Scroll Bar 
Clicking and dragging the scroll bar allows movement from one area of the collection to 
another quickly.  Clicking on the left or right arrow on the scroll bar scrolls through the 
structures one at a time, up or down respectively. 
 
Pager Toolbar 
The first ten buttons on the PAGER Toolbar are used for scrolling through the structures.  
These were discussed above.  They are: 
 
Button Name Function 
Beginning of File Go to the beginning of the file.  Structure number 0 appears in the 

upper left corner. 
Scroll Up Scroll up one page. 
Row Up Scroll up one row. 
Up Scroll up one structure.  Same as the left scroll bar arrow. 
Down Scroll down one structure. Same as the right scroll bar arrow. 
Row Down Scroll down one row. 
Scroll Down Scroll down one page. 
End of File Go to the end of the file. 
Prev Selected Go to the previous selected structure that is not in view. 
Next Selected Go to the next selected structure that is not in view. 

 
Keyboard Commands 
The keyboard commands listed below are used for scrolling through the structures.  These 
were discussed above.  They are: 
 
Key Command Action 
<Home> Go to the beginning of the file.  Structure number 0 appears in the 

upper left corner. 
<Page Up> Scroll up one page. 
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 Continued from previous page. 
<↑> Scroll up one row. 
<←> Scroll up one structure. 
<→> Scroll down one structure. 
<↓> Scroll down one row. 
<Page Down> Scroll down one page. 
<End> Go to the end of the file. 
<Ctrl> <←> Go to the previous selected structure. 
<Ctrl> <→> Go to the next selected structure. 

 

Beautifying Structures 
SDF files are displayed based on the original atomic coordinates stored in the file.  If the 
appearance of the molecules is not satisfactory they may be beautified.  There are two ways 
of doing this.  The first uses the Beautify command from the EDIT menu (or pressing 
<Ctrl> <B> keys) to rearrange the view of the structures of the entire collection to prevent 
overlap of atoms and bonds.  To do this: 
 
Step  Action 
1 If the SDF collection to be beautified is not active, click on it to activate the 

window. 
2A Click Beautify from the EDIT menu, see 2A below, or 
2B Press both the <Ctrl> and <B> keys 
3A To undo the beautification click the Beautify command from the EDIT menu 

again, or 
3B Press <Ctrl> <B> 

 
The structures beautified with the Beautify command from the EDIT menu (or pressing 
<Ctrl> <B> keys) will remain beautified until the window is closed or the Beautify 
command is applied again. 
 
 

2A 
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The second way is based on a stochastic algorithm and beautifies the structure located under 
the mouse cursor each time the <B> key is pressed.  To do this: 
 
Step  Action 
1 Place the cursor over the structure to be beautified. 
2 Press the <B> key. The structures appearance changes. 
3 Press the <B> key again to see a different view of the same structure. 
4 Move the cursor over additional structures and press <B> to beautify them. 
5 Press the <R> key to return a structure to the original coordinate view. 

 

 
This method of beautifying a structure has temporary effect.  The structure will remain 
beautified as long as it stays visible in the active window.  When it leaves the visible range of 
the active window it reverts back to the original coordinate view.  The only way to preserve 
the new view is to double click on the structure so that it opens in a separate window, see 
below.   The new view is only preserved in this new window.  In the above figure the shaded 
window represents the original coordinate view.  In window 2 structures 152 to 155 are 
beautified.   
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Selecting Structures 
There are various reasons for selecting structures within collections and libraries such as: 

• Highlighting structures of interest to make them more distinguishable.  
• Editing the collection. 
• Copying the structures to another collection. 
• Selecting the structures for analysis. 

Structures can be selected using: 
• Mouse. 
• The Select All and Invert Selection buttons on the PAGER Toolbar. 
• Commands from the SELECT and SEARCH Menus, or 
• Keyboard commands. 

 
Mouse 
There are several ways of selecting structures with the mouse.  Individual structures can be 
selected by clicking on them once with the left mouse button.  A range of structures can be 
selected by holding down the <Shift> key and the left mouse button and dragging over the 
desired structures.   
 
If the left mouse button is double clicked on a structure, a separate window showing the 
structure is open. Since this window remains in the foreground, it is useful for comparing the 
displayed structure with others in the same or different collections.  Resizing this window can 
help viewing the structure in an enlarged representation. 
 
To deselect a structure simply click on it with the left mouse button.  The selected structures 
are not unselected when another structure is selected or unselected. 
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Pager Toolbar  
The Select All button selects all the structures in the collection.  The Invert Selection 
button selects the unselected structures and unselects the selected structures in the entire 
collection.  If we start with the selection shown below  
 

 
and click on the Invert Selection button we obtain the selection below. 
 

 
The Clear All button unselects all structures within the collection. 
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Select and Search Menus 
The Select and Search Menu commands used for selecting structures from a collection or 
library are discussed above under Browser Menus. When selected, structures within an active 
window become highlighted. 

 
The Select All, Clear All and Invert command functions are the same as the PAGER 
Toolbar buttons mentioned above.  The other commands open dialog boxes to choose criteria 
for selecting structures.  For example, the Range command opens the RANGE dialog box 
below.  When it is opened for an SDF or SMILES collection, as below, only the Range field 
is active.   
 

 
For combinatorial libraries, you can either specify a range for the whole library, or provide a 
range for each of the reagent lists in the library.  A range represents the indices of structures 
in the active collection.  The indices entered in the Range field are similar to pages and/or 
page ranges for printing in the MS Windows PRINT dialog box with the difference that the 
structures are numbered from zero rather than one.  No spaces are allowed in the Range field 
entry.  See Reference Two, Command Utilities for additional details on specifying ranges of 
indices.  Once the range is entered and OK is clicked the MERGE dialog box appears.  
 

 
This Merge dialog box designates how the selection will impact the current selection in the 
collection.  The four options are: 
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Option  Effect 
Replace Replaces the current selection with the specified range. 
Add Adds the specified range to the current selection. 
Binary AND Only selects the structures that are in common between the current selection 

and the specified range. 
Binary XOR Inverts the selection within the specified range and leaves the rest of the 

current selection unchanged. 
 
The further use of the Range command along with the use of the Random, Diverse, 
Similar, and Script menu commands will be discussed in Chapter Seven, Using the 
Selector Tools. 
 
Keyboard commands 
The following keyboard commands are used for selecting structures. 
 
Command Action 
<S> Select the structure under the mouse cursor. 
<Ctrl> <A> Select all the structures in a collection. 
<Ctrl> <Shift> <A> Unselect all the structures in a collection. 
<Ctrl> <T> Invert selection: select the unselected and unselect the selected 

structures. 
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Edit Collections 
 
In this section we discuss adding and deleting structures in a collection. This should be done 
with caution since the underlying collections are being changed. A pop-up dialog message 
will warn you that the collections are about to be changed.  

Adding Structures 
To add a structure from another collection or library follow one of the procedures below. 
Copy and Paste 
Step  Action 
1 Open the collection or library containing the structure(s) to be added. 
2 Select the desired structure(s). 
3A Click the Copy button in the EDIT menu, or 
3B Click the Copy button on the MAIN toolbar. 
4 Click on the window for the collection the structure(s) is to be added to make it 

the active window. 
5A Click the Paste button in the EDIT menu, or 
5B Click the Paste button on the MAIN toolbar. 
6 Select Save from the File menu to save the modified collection. 

 
Alternatively, you can cut and paste the structures from one collection to another.  Structures 
are then moved rather than copied.   
 
You can also drag and drop the structures from one collection to another.  
 
Drag and Drop  
Step  Action 
1 Open the collection or library containing the structure(s) to be added 
2A If a single structure is being added, while holding the <Ctrl> key, click and 

hold the left mouse button over the structure to be added and drag an drop it 
over the window of the collection where the structure is to be added, or 

2B If more than one structure is to be added, select the desired structures.  Then 
while holding the <Shift> and <Ctrl> keys, click and hold down the left 
mouse button over the window with the selected structures.  Then drag and drop 
it over the window of the collection where the structure is to be added.  The 
entire selection will be added to the collection. 

3 Select Save from the File menu to save the modified collection. 
 
You can also drag and drop structures from the 2D and 3D scatter plots, as described in 
Chapters Five and Six 
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Removing Structures 
To remove structures from a collection or library follow the procedures below. 
 
Remove Structure to Clipboard 
Step  Action 
1 Select the structures to be deleted. 
2A From the EDIT menu select Cut, or 
2B Click the Cut button on the MAIN toolbar. 
3 The structures will be removed from the collection and placed in the clipboard. 
4 Select Save from the File menu to save the modified collection. 

 
Remove Structure from File 
Step  Action 
1 Select the structures to be deleted. 
2A From the EDIT menu select Delete or 
2B Press the <Delete> button. 
3 The structures will be removed from the file.  Caution: Since the structures 

do not go to the clipboard they cannot be pasted into another document.  
The delete can be undone by selecting Undo under the EDIT menu. 

4 Select Save from the File menu to save the modified collection. 
 

Adding Tags to Structures 
Besides names, the SDF format can store so-called tags, which contain additional information 
related to the structures to which they attached. SMILES files generated by the 
DirectedDiversity® Browser and utilities are written in an extended SMILES format, which 
can store molecules' names and tags. A tag consists of a name and a textual value. Browser 
allows adding a tag with a floating-point number value (converted to a string) to each 
structure in both SDF and SMILES structure collections. To add a tag to the collection in the 
active window, click Add Tag on the EDIT menu.  The ADD TAG dialog box below will 
open. 
 

 
 
Enter the desired tag name in the Tag Name box. In the dialog above the tag name is MW 
(for molecular weight). Enter the extension of the binary matrix file and the index of the 
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column containing the tag values for each structure in the collection, separated by a colon. In 
the example above, the values for the MW tag will be taken from the lip1 descriptor file. Note 
that the binary matrix (descriptor) columns are numbered from zero. The number of rows in 
the binary matrix file must be equal to the number of structures in the structure collection. 
See Chapter 4 – Using the Descriptor Generator, the Reference Manual and the command-
line utilities documentation for more information about descriptor calculation and binary 
matrix files. 
 

Customize Browser 
 
The Browser can be customized for structure viewing and printing by changing the screen 
settings or the page setup.   

Customizing the screen 
To customize the window display features for the grid and structures click Properties on 
the EDIT menu.  The PROPERTIES dialog box below will be opened. 
 

 1

 2

  3 

  4 

 5
   6 

 
From the Grid tab: 

• Number of grid positions displayed is selected by increasing or decreasing 
the numbers in the Rows (1 above) and Cols (2 above) fields.  

• Background color for the unselected (Background, 3 above) and selected 
(Selected Background, 4 above) structures can be set.  See below. 

 
Step  Action 
1 Click on Background or Selected Background to open the COLOR dialog 

box. 
2 Click the desired color.  
3 Click OK. 

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 30 



The Directed Diversity Browser  DirectedDiversity Release 3.5 

After the PROPERTIES dialog is closed, the user is prompted whether the properties should 
be changed permanently. Click Yes to save the properties so that they stay the same then next 
time the Browser is used. Click No to keep the properties only until you exit the Browser. If 
you clicked No, and want to save the properties later, you can do so by choosing Save 
Properties under the EDIT menu. 

 
 

• The grid cell style (Normal, Raised, or Sunken) can be selected. (5 above) 
• The border thickness can be selected. (6 above) 

From the Structure tab the structure’s features can be selected.  These include: 
• Coloring (1 below) for the elements and the structure’s lines. You can choose the 

color used for the lines and whether the atom labels should appear in different colors 
or the same color as the lines.  Editing the atom labels colors is not yet supported.  

• Font used for the atom labels. 
• Labels to be used for atoms. These can be None (no labels), Symbols (atom names), 

or Numbers (atom numbers, in Browser’s internal numbering scheme). (2 below) 
• The structure’s line thickness, aspect, and margin. Aspect controls the way double 

bonds look, and margin determines the amount of space left between the cell border 
and the structure when it is drawn.  Note that if the margin is too small some of the 
atom labels may not fit into the cell. 

 

   

  2 
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From the Header and Footer tabs the structure’s header and footer labels for the grid cells can 
be selected.  From these tabs you can: 

• Select the header or footer label (1 below), either None, Number, Name, Tag, 
Number & Name or Number & Tag. 

• Enter special formatting instructions.  Use with caution. (2 below) You can use a %s 
specification for a string entry, and %d specification for a numeric entry.  

• Change the font characteristics of the header and footer. (3 below) 
 

   3 

   2 

   1 

 
The tooltips label appears as the cursor moves over the structures in the active window 
providing useful information.  From this tab you can select the tooltips properties. 

• Select the tooltips label (1 below), either None, Number, Name, Tag, Number & 
Name or Number & Tag. 

• Enter special formatting instructions.  Use with caution.  (2 below) 
• Indicate whether the label should follow the cursor or not.  (3 below) 

 

   1 

   2 
   3
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Customizing Page Setup for Printing 
To customize the printing features click Page Setup on the FILE menu.  The PAGE 
SETUP dialog box, shown below with its default settings, will be opened.   
 

 
 
Change Page Layout 
Values in the Page Setup fields can be changed by overwriting a value in the field or 
clicking on the up and down arrows next to the field to increase or decrease its value 
respectively.  If the Save box is checked the changes become the new default values when 
the dialog box is closed.  The table below outlines what the fields are: 
 
Field Name Results 
Layout Determines the number of rows and columns printed on a page. 

• Change Rows to alter the number of rows printed on a page. 
• Change Cols to alter the number of columns printed on a page. 

Spacing Determines the amount of space between rows and columns on a page. 
• Change Horizontal to alter the amount of space between 

columns. 
• Change Vertical to alter the amount of space between rows. 
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Continued from last page. 
Field Name Results 
Margins Determines the space for the margins on the page. 

Change Top to alter the margin at the top of the page. 
Change Left to alter the margin at the left of the page. 
Change Bottom to alter the margin at the bottom of the page. 
Change Right to alter the margin at the right of the page. 

Edges Determines the amount of space for the header and footer margins. 
Change Header to alter the margin for the header. 
Change Cols to alter the margin for the footer. 

 
 
Changing the Header or Footer 
By clicking on the Headers button the HEADER/FOOTER dialog box opens.  From this 
dialog box header or footer labels can be added and relevant information inserted. 
 

 
 
The fonts can be changed by clicking on the Font button and making the desired 
changes. Making changes to the page setup does not change the way structures are displayed 
on the screen. 
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Create ZBI Files  
 
Once structures have been selected within a collection or library, the indices of the selected 
structures can be saved for later use by creating a zero-based index (ZBI) file.  This is done as 
follows: 
 
Step  Action 
1 Select the desired structures within the collection or library. 
2 Click Export under the SELECT menu. 
3 Click on ZBI, the SAVE AS dialog box will open with the ZBI file type 

already selected, see below. 
4 Designate the folder you want the file to be saved in. (1 below) 
5 Select (see 2 below) or enter (see 3 below) the filename.  If the specified file 

already exists, confirm that you want to overwrite the file. 
6 Click Save. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   3

   1 

   2 

 
To retrieve the ZBI file later: 
 
Step  Action 
1 Click Import under the SELECT menu.  The standard Windows OPEN dialog 

box opens with the ZBI file extension already chosen. 
2 Select the folder containing the desired ZBI file. 
3A Double click on the desired file. 
3B Or type in the filename and click OK. The MERGE dialog box will open. 
4 Select the desired merge option, see below.  
5 Click OK. 
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When the ZBI file is retrieved the merge options allow the user to decide how the ZBI file 
indices will affect the structures selected in the collection.  These options are: 
 
  

Merge Option  Effect 
Replace Replaces the current selection with the specified range. 
Add Add the specified range to the current selection. 
Binary AND Selects the structures that are in common between the current selection 

and the specified range. 
Binary XOR Selects the structures that are not in common between the current 

selection and the specified range. 

 

Create New Collections 
 
To create a new collection follow the steps in the table below. 
 
Step  Action 
1A Select New under the FILE menu, or 
1B Click on the New button on the MAIN Toolbar. 
2 When the DOCUMENT TYPE dialog box appears choose SDF or SMILES file 

type. 
3 Click OK. 
4 A browser window containing an empty grid for structures will open, see 

below. 
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The new collection is assigned a temporary name (in this case, Browser1), displayed on the 
window title bar. 

  
After this window is opened, molecules can then be selected and placed in the new document.  
This is done as follows. 
 
Step  Action 
1 Select structures from a collection(s), see 1 below. 
2A Cut and paste structures from the previously opened collection into the new 

window, see below, or 
2B Drag and drop structures from the previous collection into the new window 

while holding down the <Ctrl> and <Shift> keys.  To view the new window 
click on some portion of it. 

 

  1 
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  2 

 
The new collection can now be saved and given a filename using Save from the FILE menu 
or the Main toolbar. 
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Summary of Mouse and Keyboard Commands 
 
Collection Mouse Commands Action 
Click (Left Button) Toggle selection of a structure 
Double-click (Left Button) View the structure in a separate window 
<Ctrl> and Left Button Drag one structure 
<Ctrl> <Shift> and Left Button Drag selection 
<Shift> and Left Button Select range 
<Shift> <D>and Left Button Unselect range 

 
Collection Keyboard Commands Action 
<Ctrl> and <A> Select all structures 
<Ctrl> <Shift> and <A> Unselect all structures 
<Ctrl> and <T> Invert selection 
<S> Toggle selection of structure under the mouse 
<B> Beautify the structure under the mouse 
<R> Restore beautified structure under the mouse to its 

original view 
<3> View a simple 3-dimensional representation of the 

structure located under the mouse cursor. The 
atom 3D coordinates are taken directly from the 
structure collection file, so this feature is mostly 
useful when 3D coordinates are provided in an 
SDF file. Open Inventor license required) 

See section Browser Keyboard 
Commands above for more 
information 
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Chapter Three 
Using the Exploder 
 
 

Overview 
 
This chapter discusses the use of the Exploder tool for creation of combinatorial libraries.  A 
reaction scheme, written in the Tcl-based reaction scripting language (see the Reference 
Manual), is chosen or created.  Collections of appropriate reagents are specified.  Then the 
Exploder tool is used to generate a combinatorial library.  After this, the results are validated 
based on the resulting library and the Exploder Log. 
 
Specifically, this chapter includes the following sections: 

• Select Exploder  

• Enter a Reaction Scheme 

• Define the Output File 

• Select Reagents 

• Run Exploder 

• View Exploder Results 

• Validate Exploder Results 

The following table identifies the appropriate section to read in order to learn how to perform 
a specific task. 

 
To learn more about …  Read the section … See page 
Selecting Exploder from the TOOLS menu Select Exploder  43 
Entering a reaction scheme or script Enter a reaction scheme 44 
Defining the output file Define the output file 45 
Selecting reagent collections Select reagents 47 
Running Exploder Run Exploder 49 
Viewing the Exploder Log View Exploder results 50 
Viewing the combinatorial library  50 
Verifying correctness of the chemistry Validate Exploder results 51 
Interpreting Exploder Log warnings  51 
Correcting reagent collections  52 

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 41 



Using the Exploder DirectedDiversity Release 3.5 

 

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 42 



Using the Exploder DirectedDiversity Release 3.5 

Select Exploder  
 
The Exploder tool is selected from the browser window as follows: 
 
Step  Action 
1A Select Exploder from the TOOLS menu, see 1 below. 
1B Or click on the Exploder button of the Tools toolbar. 
2 The EXPLODER SETUP dialog box appears, see 2 below.   

 

   1 

 
The information necessary to run Exploder is entered in the Exploder Setup dialog box 
below. 
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   2 

   3

 

Enter a Reaction Scheme 
 
The reaction scheme is written in the Tcl-based reaction scripting language and saved with 
the “rxn” file extension.  There is additional information on the use of the reaction language 
and reaction schemes in Reference One.  Here we’ll use a previously created reaction 
scheme.  To enter the reaction scheme type the filename into the Reaction Scheme field or 
select from a dialog box as follows: 
 
Step  Action 
1 Click the button to the right of the Reaction Scheme field in the EXPLODER 

SETUP dialog box, see 3 in the figure above.  The MS Windows OPEN dialog 
box appears with the Exploder files (*.rxn) file type already selected.   

2 Select the folder in which the reaction scheme file is contained.  
3A Double click on the desired file, or 
3B Type in the desired file name and click Open. 
4 The reaction scheme file name and path is displayed in the Reaction Scheme 

field, see 4 below, and the reaction scheme is displayed in the box.  See 5 below. 
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The example above shows a reaction scheme for an amination reaction.  This reaction scheme 
can be used as is or if desired the reaction scheme can be edited from within the box.  If 
changes are made, click the Save button to preserve them. The changes are automatically 
saved if the Explode button is pressed and there is a file name in the Reaction Scheme 
field. 
 
 

Define the Output File 
 
To define the output file choose a filename consistent with your method of tracking work.  
The “CLB” file extension is used for combinatorial libraries. The filename becomes the name 
of the library and the basis for product identification within the created combinatorial library.  
For example, if we’re doing an amination reaction we might define the output file as 
amination.clb.  The library name would then be “amination” and the products in the library 
would be named amination000000, amination000001, amination000002, etc.  Notice the 
numbers in the product identifications begin with “0”.  This zero-based numbering is used 
throughout the DirectedDiversity® collections and libraries. The numbers in these 
identifications also serve as an index for retrieving the referenced compounds. 
 
If you wish to generate more than one amination library then you would want to create a 
variation of file names to distinguish the created libraries.  To define the output file, type the 
file name into the Output field or select from a dialog as follows: 
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Step  Action 
1 Click the button to the right of the Output field in the EXPLODER SETUP dialog 

box.  The Windows’ SAVE AS dialog box appears, see below. 
2 Select the folder to put the output file in.  
3 Type in the desired file name, for example, amination2, and click Save. 
4 The output file name and path is displayed in the Output field, see below. 
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Select Reagents 
 
The reagent collection file names are entered in the R1, R2, R3 etc. fields according to the 
number of reagents and the order they are specified in the reaction scheme.  When the 
reaction scheme RXN file is selected, it is parsed and the number of reagents specified by the 
scheme is determined.  The corresponding number of reagent fields in the EXPLODER 
SETUP dialog box are then activated.  In the animation reaction scheme above the R1 and 
R2 fields are activated since the amination reaction involves two reagents.   
 
NOTE:  The reagent collections must be entered into the R1, R2, etc. fields in the same 
order they are specified in the reaction scheme.   
 
NOTE:  After a reagent collection is edited in the Browser, it must be saved before using 
it in Exploder. 
 
For example, in the above reaction scheme amines are designated first and aldehydes second.  
Therefore the desired amine collection must be designated in the R1 field and the desired 
aldehyde collection must be designated in the R2 field.  Either SDF or SMILES files can be 
used for the reagent collections.  
 
A collection of reagents can be designated by typing the file name of the collection into the 
R1, R2, R3 etc. fields or by selecting the collection file from a dialog as follows: 
 
Step  Action 
1 Click the button to the right of the R1 field in the EXPLODER SETUP dialog 

box, see 1 in last figure.  The standard MS Windows OPEN dialog box appears. 
2 Select the folder in which the reaction scheme file is contained. 
3A Double click on the desired document, or 
3B Type in the desired file name and click Open. 
4 The selected reagent collection file name and path is displayed in the R1 field.  

See 1 in the figure below. 
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Additional reagents are designated in the same manner. 
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Run Exploder  

Once all the reagents are specified, the Exploder is ran by clicking the Explode button in the 
EXPLODER SETUP dialog box.  Progress is displayed in the PROGRESS dialog box that 
pops up. 
 

  
If for some reason you would like to stop the Exploder click Cancel in the PROGRESS 
dialog box. 
 
If there is a major problem with the reaction scheme, the specified reagent 
collections or something else, an error message will appear.  For example: 
 

 
There is a list of the Exploder error messages and their definitions in Reference One. 

 

View Exploder Results 
 
Once the library is generated, two new windows are displayed. One contains the structures of 
the library compounds, and the other displays the log file for the Exploder run. The new 
library file contains the structures of the products generated according to the reaction scheme, 
and its window is named “filename:1”, for example, “tutorial amination2.clb:1”.    The log 
file window is designated “filename :2”, for example “tutorial amination2.clb:2”. The actual 
log file is generated in HTML format, and is saved in the same directory as the library file 
under name “filename.html “, for example, “tutorial amination2.clb.html”. Once the log file 
is closed in the DirectedDiversity Browser, it cannot be reopened. However, this file can be 
viewed in any web browser, such as Netscape Communicator or Internet Explorer.  
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Viewing the Exploder Log 
The exploder log provides information about the exploder results, including some statistics on 
the numbers of reagents and products as well as whether any reagents failed, are ambiguous, 
or contain an undesired pattern.  In the previous figure the log first identifies the script file 
and the virtual library that was created.  Then, it gives information about reagent R1, 
followed by R2, etc. for the reagents used.  For each reagent it: 

• Identifies the filename and path for the reagent collection. 
• Lists warning messages for specific structures. Clicking on a warning message 

will bring up the appropriate reagent collection and highlight the reagent 
referenced in the message. 

• Lists statistics about the reagents. 
Finally, it indicates the total number of structures in the library. 

Viewing the Combinatorial Library 
The products in the new combinatorial library can be viewed as any other collection in the Browser.   
This is discussed under Viewing Collections and Libraries in Chapter Two, The DirectedDiversity 
Browser.  To view the library from the Browser screen shown above just click on a portion of the 
library window.  This will make it the active window and bring it to the foreground.   

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 50 



Using the Exploder DirectedDiversity Release 3.5 

Validate Exploder Results 
 
The results of the Exploder run should be validated.  The basic process is: 
 
Step  Action 
1 Verify the correctness of the chemistry 
2 Interpret Exploder Log warnings 
3 Correct reagent collections (if necessary) 
4 Re-explode the library until satisfied with the results 

Verifying the Chemistry 
A few products should be checked to verify the reaction specifications were correct, i.e., that 
the desired type of product was produced by the reaction scheme.  If the desired type of 
product was not produced, review the reaction scheme script and correct it as needed.  Details 
about the reaction language are available in Reference One.  To edit the reaction scheme:  
 
Step  Action 
1 Reopen the EXPLODER SETUP dialog box.  The previous information including 

the reaction scheme remains in the box. 
2 Edit the script in the window.  
3 Press the Save button to save changes to the reaction scheme. 

Interpreting Exploder Log (Warnings) 
The exploder log messages give three types of warnings.  These identify: 

1. Reagents that do not have the correct functionality. 
2. Reagents that produce ambiguous results.  This would come from a reagent with 

multiple functional groups, for example, with two aldehyde groups instead of 
one.  If the reagent is to be used, the script should be redefined to specify which 
of the multiple functional groups should be used or to use all the functional 
groups. 

3. Undesired molecules, if this option is specified in the reaction script.  Identifies 
molecules with undesired functional groups, for example, amides. 

The first case is indicated by a “Failed to map pattern…” message.  The second case is 
indicated by a “Found multiple ways to map …” message.  The third is indicated by a “Found 
undesired pattern…” message. 
 
The warning messages are also links to the specific reagents in the corresponding reagent 
collection.  By clicking on a message line the reagent collection opens with the designated 
structure flashing in the upper left-hand corner (see 1 below). 

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 51 



Using the Exploder DirectedDiversity Release 3.5 

  1 

 
 

Correcting reagent collections 
 
Problem reagents, including those that do not have the correct functionality, have been 
designated as undesirable or give ambiguous results, could be removed from the reagent 
collections used to explode the library.  To edit the reagent collections:  
 
Step  Action 
1 Click on the reagent message in the Exploder Log.  See 1 above.  The respective 

collection will open with structure flashing in the upper left corner. 
2 Select the structure in the collection window.  See below. 
3A Click Cut from the EDIT menu to remove the structure from the collection, or. 
3B Click Cut button on the MAIN toolbar to remove the structure from the 

collection, or. 
3C Press the <Delete> key on the keyboard. 
4 Click OK in the dialog box warning of a change in the file. 
5 Click Save from the FILE menu to save the changes to the collection. 
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Re-Explode the Library 
Once the problem reagents have been removed from the collections, the library should be re-
exploded.  To do this: 
 
Step  Action 
1A Select Exploder from the TOOLS menu or 
1B Click on the Exploder button of the Tools toolbar 
2 The EXPLODER SETUP dialog box appears with the previous information 

already present. 
3 Click the Explode button on the EXPLODER SETUP dialog box 

 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 53 



Using the Exploder DirectedDiversity Release 3.5 

 

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 54 



 
 

Chapter Four 
 

Using the Descriptor Generator 
 

Overview 
 
This chapter will familiarize the user with the DirectedDiversity Descriptor Generator.  
This tool calculates molecular descriptors for structures within a collection or library.  The 
Descriptor Generator will calculate Kier-Hall, Ghose-Crippen and Lipinski descriptors and 
public ISIS keys, or user-defined descriptors.   
 
In addition, it performs normalization, principal component analysis and non-linear mapping 
of descriptors. For details about how these calculations are done refer to the command-line 
utilities documentation. 
 
Specifically, this chapter includes the following sections: 

• Descriptor Calculation 

• Selection of Descriptor Types  

• Selection of Normalization Options  

• Selection of Principal Component Analysis Options 

• Selection of Non-Linear Mapping Options 

• Run Descriptor Generator 

• User-Provided Scripts 

The following table identifies the appropriate section to read in order to learn how to perform 
a specific task. 

 
To learn more about …  Read the section…. See page 
Descriptor Generator calculations Descriptor Calculation 56 
Selecting desired descriptor types Selection of Descriptor Types 43 
Selecting normalization options Selection of Normalization 

Options 
60 

Selecting principal component analysis 
options 

Selection of Principal Component 
Analysis Options 

62 

Selecting non-linear mapping options Selection of Non-Linear Mapping 
Options 

64 
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Running the Descriptor Generator Run Descriptor Generator 49 
Customizing descriptors User-Provided Scripts 71 

Descriptor Calculation 
 
The Descriptor Generator does a series of computations based on the options selected by the 
user.  These computations and their respective input and output are outlined in the diagram 
below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Descriptor Generator will only operate on SDF, SMILES or CLB (combinatorial library) 
files and always processes the entire collection or library. The Descriptor option appears 

The DESCRIPTOR GENERATOR 
Operates on SDF, SMILES and CLB 

CALCULATE DESCRIPTORS 
Calculates Kier-Hall, Ghose-Crippen, Lipinski descriptors, 
ISIS keys and custom-type descriptors as selected by 
user. Creates a file containing descriptor values. 

NORMALIZE DESCRIPTORS 
Optional. Normalizes the descriptor values to a 0 to 1 
range or a zero average and a unit variance at user’s 
discretion.  Creates a file containing normalized 

PRINCIPAL COMPONENT ANALYSIS 
Optional. Calculates principal component vectors for the 
descriptor matrix and ranks them according to degree of 
variance. Creates a file containing principal components 
of the descriptors.

NON-LINEAR MAPPING 
Optional. Projects a high-dimensional descriptor space 
into a low-dimensional space to help visualize the data.  
Attempts to preserve the distances between points in the 
original high-D space in the low-D space.  Creates a file 
containing the non-linear map coordinates.

Output viewable by 2D and 3D Scatter Plot 
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under the TOOLS menu only when a collection or library is open. The Descriptor Generator 
performs calculations on the currently active collection.  This collection must be saved on 
disk in order for the calculation to be performed correctly. 
 
IMPORTANT: if a collection file is opened using the UNC (Universal Naming Convention) 
path such as, for example, \\rome\smith\amines.sdf, the Descriptor Generator will 
not be able to process that file. Use the network drive mapping (Tools->Map Network 
Drive…) in Windows Explorer to create a drive that can be accessed through a drive letter, 
e.g., H:\smith\amines.sdf 
 
NOTE: the Descriptor Generator writes all output and log files in the same directory where 
the collection or library file resides. Therefore, the user should have a permission to write in 
that directory in order for the Descriptor Generator to be able to process that file. 
 

 
 
Open a collection or library using the FILE|Open menu and select the Descriptor tool 
from the Tools menu. 

 
When the Descriptor tool is chosen, a series of dialog boxes appear which allow the user to 
specify the options for the Descriptor Generator calculations.  They are the DESCRIPTORS, 
NORMALIZATION, PRINCIPAL COMPONENT ANALYSIS, and NON-LINEAR MAPPING 
dialog boxes.  These correspond to the four types of calculations the Description Generator 
can perform as outlined above.  These dialog boxes require only the designation of file 
extensions for the output files, because the Descriptor Generator will automatically derive the 
output file names from the name of the SDF, SMILES or CLB file it is operating on.  For 
example, if the Descriptor Generator is operating on a collection with the file name 
amines.sdf, then it creates files with a root of amines, such as amines.kh1, 
amines.nrm, amines.pca and amines.3d. 
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Selection of Descriptor Types 
 
When Descriptor is selected from the Tools menu the DESCRIPTORS dialog box appears.   
 

 
 
This dialog box allows the user to select the types of descriptors to be calculated and specify 
other options if needed. Each field and the action necessary to select its option are shown in 
the table below.   
 
The first four checkboxes select the molecular descriptors to calculate. These are: 
• KH - 117 Kier-Hall descriptors (see the kh1 utility manual in Reference Two for 

information about the Kier-Hall descriptors); 
• GC - 142 Ghose-Crippen descriptors; 
• Lipinski - 4 Lipinski descriptors (see the gc1 utility manual in Reference Two for 

information about the Ghose-Crippen and Lipinski descriptors); 
• ISIS Keys - 166 public ISIS keys calculated as counts of occurrences of the keys in each 

structure (see the molkeys utility manual in command-line utilities documentation for 
information about the ISIS keys); 

• Other - choosing this option requires the user to provide a custom Perl script to perform 
the calculations (see the User Provided Scripts section below). 

 
If more than one descriptor type is selected, the descriptor matrices resulting from each 
descriptor calculation will be merged column-wise in the order they appear in the dialog from 
left to right and from top to bottom into a single matrix in the output file. For example, if the 
GC and Lipinski are checked, the first 142 columns in the descriptor matrix will contain 
descriptor values for Ghose-Crippen descriptors and the following 4 columns will contain the 
Lipinski parameter values. 
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When the Descriptor Generator is run, it creates a Perl script that performs the calculations by 
running appropriate DirectedDiversity command-line utilities with proper arguments. The 
name of the script is determined by the file extension of the last output file to be generated by 
the Descriptor Generator, as explained below (see section Run the Descriptor Generator). The 
script only contains information on the sequence of actions and the options employed by the 
Descriptor Generator, but not the name of the collection for which the descriptors are 
calculated. Hence, the generated script can be reused when the same sequence of actions with 
the same options is to be performed on a different collection. To do so, select the Other 
option and enter the name of the script in the Script field (remember, the Descriptor Genera-
tor performs calculations on the currently active collection). Also, Perl scripts automatically 
generated by the Descriptor Generator can be used as prototypes when writing custom scripts, 
which are described in more detail further. 
 
The rest of the options in the DESCRIPTORS dialog are: 
• Output Ext. - If only one of the descriptor fields is selected, the Output Ext. field is not 

highlighted. The output file extensions will be kh1, gc1, lip1, ik1 for Kier-Hall, 
Ghose-Crippen and Lipinski descriptors, and ISIS keys, respectively; for custom 
descriptors (the Other option), the extension will be defined in the custom Perl script. If 
more than one descriptor field is selected, the Output Ext. field is enabled.  This file 
extension can be arbitrary, as long as it does not contain a period.  The output file will 
contain a combination of the selected descriptor types, concatenated in the order they 
appear in the dialog. 

• Threads - Enter the number of CPUs the computer has available for the computations by 
typing in the value or using the arrow buttons.  This option applies to all calculations that 
can benefit from using more than one processor at a time. 

• Delete old versions - Click on this field if you want old versions of the output files (if 
any exist) to be deleted. If this field is empty (not checked), the old versions of output 
files will be reused when present, and the corresponding calculations will not be repeated. 
This option applies to all calculations performed by the Descriptor Generator. 

• Display log - Click on this field if you want to view the log file generated by the 
calculation after the calculation is completed. This option applies to all calculations 
performed by the Descriptor Generator. 

 
Once all appropriate fields in the dialog are completed: 
• Click Next to proceed to the NORMALIZATION dialog box or   
• Click Cancel to abandon the Descriptor Generator calculations setup. 
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Selection of Normalization Options  
 
The NORMALIZATION dialog box allows the user to choose between three options: 
• None  – No normalization of descriptor values. 
• Import Transform – Use a previously created normalization transform file.   
• Create Transform – Let the Descriptor Generator create a new normalization 

transform file and use it.  
If None is selected click Next to go to the PRINCIPAL COMPONENT ANALYSIS dialog 
box.  If Import Transform or Create Transform is selected, complete the highlighted 
portions of the dialog box as outlined in the table below. 

 
NOTE: the operations that take a file containing N records (structures, rows in a matrix, etc.) 
and convert it into another file with N records are called transforms. A transform file stores 
options for a transform. For example, the matrix elements are normalized according to the 
following equation: 

i

ii
i v

ux
x

−
=*  

where xi and xi
* are the original and normalized coordinates of column i, and ui and vi are the 

i-th elements of the two normalization vectors, respectively. If the Import Transform option 
is specified, the vectors u and v are read from the specified file. If the Create Transform 
option is specified, the vectors u and v are determined from the matrix itself and stored in the 
specified file as a binary matrix of two rows (the first row containing u and the second v, 
respectively). 
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Field Action to Select Option 
Transform 
File 

If importing a transform file: 
• Click on the button to the right of the field and select the appropriate 

folder and file from the OPEN dialog box, or. 
Type in the filename. 
If creating a transform file, enter a file name with or without the trf 
extension (no other extension is allowed; if not entered, .trf will be added 
automatically). For example, if either nrm, or nrm.trf is entered, the 
transform will be saved in nrm.trf. 

Method If creating a transform file: 
Leave the default, [0, 1], which normalizes the descriptor values to a range 
of 0 to 1 ("box" normalization), or 
Click on the arrow to open the drop down box and click on Variance to 
normalize the descriptor values about a mean of zero with a variance of 1. 
NOTE: Do not use this method if you are going to train a neural network to 
create a non-linear mapping transform (see below). 

Output Ext. The Output Ext. field is filled automatically. It indicates the extension of 
the output file generated by the transform. The extension is derived from the 
name of the transform file. For the nrm.trf example above it would give 
an output extension of nrm, therefore, the output file name will be 
<collection_name>.nrm 

 
 
Once all appropriate fields in the dialog are completed: 
• Click Next to proceed to the PRINCIPAL COMPONENT ANALYSIS dialog box.   
• Click Cancel to abandon the Descriptor Generator calculations setup.   
• Click Back to return to the Descriptors dialog box. 

 
See also the “mnorm” utility manual in the command-line utility documentation. 
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Selection of  
Principal Component Analysis Options 

The PRINCIPAL COMPONENT ANALYSIS dialog box is similar to the NORMALIZATION 
dialog box.  It allows the user to choose between three options: 
• None  – No principal component analysis of descriptor values. 
• Import  – Use a previously created principal component analysis transform file.   
• Create  – Let the Descriptor Generator create a new principal component 

analysis transform file and use it.  
 

 
 
If None is selected click Next to go to the NON-LINEAR MAPPING dialog box.  If Import 
or Create is selected, complete the highlighted portions of the dialog box as outlined in the 
table below. 
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Field Action to Select Option 
Transform 
File 

If importing a transform file: 
• Click on the button to the right of the field and select the appropriate folder 

and file from the OPEN dialog box, or 
• Type in the filename. 

If creating a transform file, enter a file name with or without the trf 
extension (no other extension is allowed; if not entered, .trf will be added 
automatically). For example, if either pca1, or pca1.trf is entered, the 
transform will be saved in pca1.trf.  

Keep If creating a transform file: 
• Leave the default, 99%, to keep the number of components necessary to 

maintain 99% of the variance, or 
• Enter a percentage of variance to maintain, e.g., 95%, or 
• Enter the absolute number of components to keep, i.e. 20.  This value cannot 

be greater than the number of descriptors calculated.  (There are 117 Kier-
Hall descriptors, 142 Ghose-Crippen descriptors and 4 Lipinski descriptors.) 

Output Ext. The Output Ext. field is filled automatically. It indicates the extension of 
the output file generated by the transform. The extension is derived from the 
name of the transform file. For the pca1.trf example above it would 
give an output extension of pca1, therefore, the output file name will be 
<collection_name>.pca1 

 
Once the dialog boxes are completed: 
• Click on the Next button to proceed to the NON-LINEAR MAPPING dialog box.   
• Click the Cancel button to abandon the Descriptor Generator calculations setup.   
• Click the Back button to return to the Descriptors dialog box. 

 
See also the pca utility manual in the command-line utilities documentation. 
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Selection of Non-Linear Mapping Options 
 
In non-linear mapping we are projecting a high-dimensional space into a low-
dimensional space while trying to preserve the distances between points in the high-
D space in the low-D space as much as possible.  
 
The Descriptor Generator can perform these calculations in one or two steps. In the 
one-step mode, an NLM projection is generated for the whole input matrix using a 
classical iterative process, and no transform file is created. The one-step mode can 
be slow for large collections. In the two-step mode, the projection is generated in 
the following two phases: 
The iterative non-linear mapping is performed on a sample of randomly chosen rows 
of the input matrix. This generates an intermediate matrix file containing a non-
linear projection of the sample. 
A number of neural networks, each assigned a subset of the rows of the matrix 
generated in the first phase, learn from the results of the iterative NLM process and 
create a transform, which is then applied to the whole input matrix. This transform 
can be reused later to generate non-linear maps of other similar collections. 
 
The NON-LINEAR MAPPING dialog box allows the user to choose between three options: 

• None  – No non-linear mapping of descriptor values. 
• Import  – Use a previously created non-linear mapping transform file.   
• Create  – Let the Descriptor Generator create a new non-linear mapping 

transform file.  
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If None is selected, click Finish to run the Descriptor Generator, see next section. To 
import a previously used transform file, follow the procedure below:  

 
Step Action  
1 Select Import from the drop down menu.  The Transform file field 

becomes highlighted 
2 Enter the name of the transform file to import or select the appropriate folder and 

file from the OPEN dialog box, which can be accessed using the button to the 
right of the Transform file field. 

3 The Output Ext. field is filled automatically. It indicates the extension of the 
output file generated by the transform. The extension is derived from the name 
of the imported transform file. For example, if 2dnlm.trf is imported, it 
would give an output extension of 2dnlm, therefore, the output file name will be 
<collection_name>.2dnlm . 

4 Click Finish to run the Descriptor Generator, see next section. 
 
To create a transform file, follow the procedure below: 
 
Step Action  
1 Select Create from the drop down menu.  The NON-LINEAR MAPPING 

dialog box fields are highlighted. 
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Continued from previous page. 
2 Enter a file name with or without the trf extension (no other extension is 

allowed; if not entered, .trf will be added automatically) in the Transform file 
field. For example, if either 2dnlm, or 2dnlm.trf is entered, the transform 
will be saved in 2dnlm.trf. The Output Ext. field is filled automatically. It 
indicates the extension of the output file generated by the transform. The 
extension is derived from the name of the transform file. For example, if 
2dnlm.trf is created, it would give an output extension of 2dnlm, therefore, 
the output file name will be <collection_name>.2dnlm. 

3 Select the number of planes (dimensions) to in the output non-linear map to by 
using the arrow buttons or typing in a number in the Planes field. 

4 Enter the size of the Training Subset in the Training Subset field.  This number 
must be large enough to ensure a representative sampling of the points during 
computation.  Recommendations: 

• A minimum of 100 per network.  (Default number of networks is three, see next 
dialog box) 

• Strongly advice 200+ per network. 
• Very good results with 400+ per network.  
• Maximum determined by execution time constraints or the size of the collection. 

5 Click Next to proceed to the NLM dialog box. 
 
If you want to calculate non-linear mapping but do not want to import a transform or train the 
neural network, then choose the Create Transform option, leave the Transform file field 
blank and enter a file extension in the Output Ext. field. For example, the output extension 
2dnlm is entered, the output file name will be <collection_name>.2dnlm. In this 
case, no transform file will be created. 
 
The NLM and particularly the Neural Net dialog box contain options that are advanced.  
Some of these values can greatly affect the computational time and accuracy.  The defaults 
are strongly recommended.  The metric is forced to be the Euclidean distance. 
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Continued from previous page. 
6 The number of Cycles and Steps should be chosen empirically. A good measure 

of the quality of the projection is the stress function computed by the Stress tool 
under the TOOLS menu. For data sets containing up to 104 points, 10 cycles and 
10 steps should be sufficient to achieve convergence. For larger collections use 
the default of 50 cycles and 10 steps. The computation time is directly 
proportional to each of these two values. 

7 Enter a value in the Buffer field if there is limited memory.  This number 
specifies the maximum number of points be loaded in the computer's main 
memory. 

8 Click the Neural Net tab to view or change the neural network training options.   
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10 The No. Networks field specifies the number of local neural networks.  The 

default number of 3 has been found to give optimal results in most cases. 
11 The Hidden Units field specifies the number of neurons in the second or hidden 

layer and their type. The networks in the DirectedDiversity applications consist 
of three layers of neurons.  The first (input) and the third (output) layers contain 
the number of neurons equal to the number of dimensions of the original and 
projected spaces, respectively, and the second layer is called hidden because it is 
not directly exposed via input or output. For each set of descriptors and other 
conditions there exists the optimal number of hidden neurons and their type, 
which can be found empirically. The default value of 10 hidden neurons gives sa-
tisfactory results in most cases. The value in this field has a significant propo-
rtional impact on computation time. Logistic is the default neuron type.  Linear 
neurons are inappropriate for learning non-linear mapping and the Morlet option 
is a special wavelet function that should be used with caution. 

12 The Epochs field specifies the number of times the total number of dimensions is 
presented to the local neural networks. The computation time is directly 
proportional to the value in this field, and the default of 1000 is suitable in most 
cases. 

13 Use the default values for the Momentum, Learning Rate Particularly avoid 
changes to momentum and learning rate. 

15 Click Finish after the options are selected to run the Descriptor Generator. 
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See also the nlm, fcluster and tbpnn manuals in the command-line utilities 
documentation. 

Run Descriptor Generator 
 
When Finish is clicked from a Descriptor Generator setup dialog box, the Descriptor 
Generator will attempt to create and run a Perl script that will perform the calculation. If a 
Perl script with the same name already exists, a pop-up dialog box appears asking the user 
whether the old script should be overwritten.  Select Yes to overwrite the former script and 
start the calculations, or No to return to the Descriptor Generator setup dialog boxes to 
change the designated file extensions.   
 
The name of the Perl script is the same as the extension of the last output file produced in the 
sequence of calculations.  For example, if you chose to perform the principal component 
analysis and chose the output extension to be pca, but selected the option None for the 
non-linear mapping, the name of the generated Perl script will be pca.pl.  
However, if you choose to calculate a 3-dimensional non-linear map and specified 
the output extension 3d, the Perl script is named 3d.pl.  
 
The Descriptor Generator starts the calculations as a batch job in the background.  The 
calculations can be monitored from the Process Manager.  To view the Process Manager 
window, select Process Manager from the TOOLS menu.  
 
 

 Close
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From the Process Manager window the user can: 
• See if the job is running.  If the job is processing, there is a line in the Process 

Manager window, otherwise no line is present. 
• Read the process identification (PID) number. 
• Read the process description. 
• Suspend the process by clicking the Suspend button. 
• Resume the process by clicking the Resume button. 
• Kill the process by clicking the Kill button (this can leave temporary files and 

incomplete output files on your hard drive). 
 

When the calculations are complete, the line in the Process Manager window 
disappears.  If the Process Manager window is not open at the time of completion, 
then a pop-up message window appears to indicate that the process completed 
successfully. 
 

 
The log file provides summary of the run and can be opened by any text editor. If the 
Display log option was checked during the Descriptor Generator setup, the log file will be 
automatically open in Notepad after the OK button above is clicked. The name of the log file 
is the same as the name of the last output file with the extension .log added at the end.  For 
example, if you calculated a non-linear map amines.3d for a collection amines.sdf, 
then the generated Perl script is “3d.pl”, and the log file is aldehydes.3d.log.  The 
log file and the generated Perl script can be found in the same directory as the collection file. 

 
If the process does not complete successfully, an error dialog box appears similar to 
the one shown below.  This message lists the process identification number, the 
error code, the Perl script name and filename of the collection it is operating on. In 
this case, the log file will end with the last executed instruction that most likely caused the 
error. (For the example shown below, the log filename will be "Vendor1 
reagents.2dnlm.log"). The error code is the exit code of the last executed instruction. 
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User-Provided Scripts 
 
If the user wishes to create Perl scripts for the Descriptor Generator, these scripts must take 
four arguments.  These are: 
• First, the collection file name.  For example, aldehydes.sdf. 
• Second, the type of the collection file. (sdf, smiles, or clb) 
• Third a 1 (1 or 0 allowed, but if the script is executed by the Descriptor Generator, the 

third argument will always be 1).  This argument controls whether certain things are 
reused or recomputed.  A one indicates they are to be reused. This decreases computation 
time.  In the case that the script was previously created by the Descriptor Generator, this 
flag set to 1 causes the pre-created transforms to be used for normalization, principal 
component analysis, and non-linear mapping.  Note that the full paths of the transform 
files are used in the scripts created by the Descriptor Generator, so if a certain transform 
file does not exist or has moved, the script will fail. 

• Fourth, a 1 or 0.  This third argument controls whether previous versions of the 
intermediate output files are overwritten or reused.  A one indicates they are to be 
overwritten.  A zero indicates they are to be reused. This parameter is set according to the 
Delete old version check box on the DESCRIPTORS dialog box. 

 
See Reference Six for details about Perl scripts. 
 

Also, once a script has been automatically created for a collection by the Descriptor 
Generator, it can be used as a foreign script with another collection.  Calculation will be 
faster, since it applies information learned from the first collection.  To use the script: 
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Step Action  
1 Select Other from the DESCRIPTORS dialog box. 
2A Click on the button to the right of the Script field and select the folder and 

filename of the Perl script from the OPEN window, or  
2B Enter a Perl script filename and path. 
3 Click Next and choose None from the NORMALIZATION dialog box. 
4 Click Next and choose None from the PRINCIPAL COMPONENT ANALYSIS 

dialog box. 
5 Click Next and choose None from the NON-LINEAR MAPPING dialog box. 
6 Click Finish from the NON-LINEAR MAPPING dialog box. 
 

See Chapter 8 – Using the Combinatorial Neural Networks for an example of 
generating and using a script for combinatorial neural networks descriptor 
calculation. 
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Chapter Five 
2D Scatter Plots 
Overview 

 
This chapter will familiarize the user with the 2D Scatter Plot tool.  The 2D Scatter Plot tool 
enables the user to view a selection of structures from a collection or library in a 2-
dimensional map.  Each molecule is represented by a point in a 2-dimensional plot, with the 
axes corresponding to some descriptor values that are either read from a file or calculated on 
the fly.  The descriptors used for the axes can be selected from a list of all descriptors stored 
in the file.  Also, two additional descriptors can be selected to distinguish structures by size 
and color. 
 
Specifically, this chapter includes the following sections: 

• Create 2D Scatter Plots 

• View 2D Scatter Plots 

• Use 2D Scatter Plots  

The following table identifies the appropriate section to read in order to learn how to perform 
a specific task. 

 
To learn more about …  Read the section… See page 
Creating 2D scatter plots Create 2D Scatter Plots 74 
Mapping compounds in 2D scatter plots 
using files extensions 

 75 

Mapping compounds in 2D scatter plots 
using scripts 

 77 

Viewing 2D scatter plots View 2D Scatter Plots 82 
Using custom size and color for descriptors  85 
Selecting points in 2D scatter plots  89 
Editing sets in 2D scatter plots  93 
Using 2D scatter plots to identify structures 
in a collection  

Use 2D Scatter Plots 98 

Using 2D scatter plots to create a new 
collection 

 

Using 2D scatter plots to create ZBI files  101 
Using mouse and keyboard commands Summary of Mouse and 

Keyboard Commands 
103 

99 
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Create 2D Scatter Plots 
 
A 2D scatter plot is created by opening the 2D Scatter Plot tool, designating the method of 
obtaining the descriptor values and then dragging and dropping a selection (group) of 
structures from a collection or another scatter plot into the 2D Scatter Plot tool.  Once the 
group of structures from the collection (or library) is dropped into the 2D Scatter Plot tool 
their data points are assigned common properties, such as shape and color, and referred to as 
a set.  The basic procedure is: 
 
Step  Action 
1 Select 2D Scatter from the GRAPH menu.  The CREATE MAP dialog box will 

open.  
2 Select the desired method for obtaining descriptor values from the Method drop 

down box. There are three methods for designating the source of the descriptor 
values.  The last two methods calculate the descriptor values on the fly for 
selected structures in a collection.  These are most useful when working with 
extremely large collections.  
• File to use a file containing previously calculated values for an entire 

collection. 
Built-in to use a pre-created script that calculates a specified type of descriptors 
for structures selected in a collection or library. Some built-in scripts simply 
calculate the descriptors, and others produce non-linear maps. The latter use pre-
calculated transforms for normalization, principal component extraction and non-
linear mapping.  These transforms were generated based on calculations 
performed for a collection of over 300,000 commercially available chemical 
compounds.  The collection was pre-processed to remove invalid structures, 
structures containing metals and isotopes, as well as structures with molecular 
weight exceeding 900. The latter limitation implies that this mapping method may 
not work well for compounds with molecular weight greater than 900 since they 
will fall outside the chemical space of the training set. For this collection the 
corresponding descriptors were calculated and normalized to the interval [0, 1].  
A principal components analysis was performed on the normalized descriptors 
and the greatest components were retained such that they accounted for 99% of 
the variance.  A non-linear map was then calculated on a 30,000 point random 
subset of the resulting matrix, and a neural network was trained based on this 
mapping.  Because the non-linear mapping is calculated by a neural network, it is 
possible that some compounds with very similar structures will transformed to 
points very close together or even identically in low dimensional space.  To more 
closely examine the diversity properties of a collection, it may be beneficial to 
calculate a non-linear map based on that collection alone. However, built-in 
scripts are very useful in mapping multiple collections onto the same space.  The 
built-in scripts and transforms are located in the 'scripts' subdirectory of the 
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DirectedDiversity® software installation directory. 
• Script to use Perl scripts to calculate values for selected structures from a 

collection or library.  You can create your own scripts and transforms 
using the Descriptor Generator and use them to calculate other descriptors 
on the fly.  In this case, use the Script option for the scatter plot creation.  
The scripts must be compliant with the requirements outlined in the User 
Defined Scripts section of Chapter 4, Descriptor Generator.  When 
descriptors are calculated using a script, the script is called with the 
following command-line:  

 

perl <script> <temporary collection> <format> 1 1  
 
where temporary collection is the temporary file that will be 
used to write out the selected structures, and format is the format of the 
temporary file, i.e., SDF or SMILES.  All temporary files are removed 
once the mapping has occurred.  If you used a script generated by the 
Descriptor Generator or Combinatorial Neural Networks tool, the last two 
arguments indicate that the previous versions of the intermediate files are 
to be overwritten, and that the script will use previously created 
transforms.  To change this behavior, you can manually modify the script. 
See also the command-line utilities documentation.  

 

 
 
3A If File is selected, type in the file extension for the type of descriptor set desired 

• kh1 for Kier-Hall. 
• gc1 for Ghose-Crippen. 
• lip1 for Lipinski. 
• User-defined extension.  
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3B If Built-in is selected choose the pre-created script desired.  These methods will 
calculate the corresponding descriptor values with or without normalization, a 
principal component analysis, and 2D non-linear mapping as indicated in the table 
below. 

 

 
 
Method Result 
KH Kier-Hall descriptor values. 
GC Ghose-Crippen descriptor values. 
Lipinski Lipinski descriptor values. 
KH/GC Kier-Hall and Ghose-Crippen descriptor values 
KH/Lip Kier-Hall and Lipinski descriptor values 
GC/Lip Ghose-Crippen and Lipinski descriptor values. 
KH/GC/Lip Kier-Hall, Ghose-Crippen, and Lipinski descriptor values. 
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Continued from previous page. 
Method Result 
KH nlm 2D non-linear map based on principal components of normalized Kier-

Hall descriptors. 
GC nlm 2D non-linear map based on principal components of normalized 

Ghose-Crippen descriptors. 
Lipinski nlm 2D non-linear map based on principal components of normalized 

Lipinski descriptors. 
KH/GC nlm 2D non-linear map based on principal components of normalized Kier-

Hall and Ghose-Crippen descriptors. 
KH/Lip nlm 2D non-linear map based on principal components of normalized Kier-

Hall and Lipinski descriptors. 
GC/Lip nlm 2D non-linear map based on principal components of normalized 

Ghose-Crippen and Lipinski descriptors. 
KH/GC/Lip nlm 2D non-linear map based on principal components of normalized Kier-

Hall, Ghose-Crippen, and Lipinski descriptors. 
 
3C If Script is selected  

• Enter a user-supplied Perl script file name (see the User-Provided Scripts 
section of Chapter Four, Using the Descriptor Generator and Reference 
Six for further details about Perl scripts) or the file name of a script from a 
previous Descriptor Generator calculation.  

• Designate the file format for the intermediate file of selected structures 
used to calculate the descriptor values.  The default, SMILES format, is 
recommended.  The format of this file does not need to be the same as the 
collection from which the structures are selected. The ZBI format is used 
only in conjunction with Combinatorial Neural Networks, as discussed in 
the Using Trained CNNs section of Chapter Eight. 
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4 Click OK, the 2D Scatter Plot Viewer appears, see below. 

 

 
 
5 Open the desired collection or library (as discussed in Chapter Two) or click on 

the collection’s window if it’s already open. 
6 Select the set of structures to be viewed.   
7 Drag and drop the set of structures onto the 2D viewer: 

• While holding the <Shift> and <Ctrl> keys down.  (For a single structure use 
just the <Ctrl> key.) 

• Click and hold the left mouse button on one of the selected structures.  
• Drag them over the 2D Scatter Plot viewer. 
• Release the mouse button over the viewer. 
The SET PROPERTIES dialog box appears, see below. 
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8 Type in the name of the set to be added to the 2D Scatter Plot Viewer.  For 
example, aldehydes.  If no name is given, a default name is used. 

 
9 Select the style of the data points from the Style drop down box. 

 
10 Select the desired data point size from the Size box by typing in a value or using 

the arrow buttons.  See 1 below. 

 1 

 2 
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11 Select the desired outline and fill colors for the data points:  
• Click the Outline or Fill button, see 2 above, the COLOR dialog box appears. 
• Click the desired color, see 1 below. 
• Click OK or press <Enter>, see 2 below. 

 

 1 

 2 
 
The fill color is the color of the inside of a square, circle, or triangle.  The outline color is the 
color of the border of the square, circle, or triangle, or the color of a point, cross or mark.  
Note: The yellow color is reserved for highlighting selected points. 

 
12 Once the properties are designated for the set, click OK, the set is displayed in the 

2D Scatter Plot Viewer. 
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More than one set of structures can be viewed at a time.  Just repeat the above procedure for 
each set.  The sets may be chosen from the same collection or library or from different ones.  
For example, below is a selected number of aldehydes (squares) from one collection and 
acids (circles) from another collection being viewed together. 
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View 2D Scatter Plots 
 

 
 
In the 2D scatter plot view below two sets of structures are displayed.  The squares represent 
aldehydes and the circles represent acids. Right clicking on the background of the viewer will 
bring up the popup shown above. Clicking Adjust Filters… will activate the Filters dialog, 
shown in 1 below. 
 

 
A list of available descriptors (see 1 above) is shown on the right.  To view all the descriptors 
use the scroll bar provided.  By default, the Y-axis (see 2 above) is assigned to the descriptor 
in column 1 and the X-axis (see 3 above) is assigned to the descriptor in column 0 of the 
descriptor matrix.  These may be changed as follows: 
 
Step  Action 
1 Click on the X-axis or Y-axis  field box (see 2 and 3 above),  a drop down box 

and scroll bar appears, see 1 below. 
2 Scroll through the list to view the desired descriptor. 
3 Click on the desired descriptor. 
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The labels for the axes are defined in data definition table (ddt) files located in the 'data' 
subdirectory of the DirectedDiversity® software installation directory.  Each file corresponds 
to the extension of a matrix file viewed in the Scatter Plot.  For example, label definitions for 
the Kier-Hall descriptors, which are normally stored in matrix files with the 'kh1' extension, 
are specified in the file kh1.ddt.  The Browser searches for the data definition table files first 
in the current directory, then in the directory specified in the Browser's "dataDirectory" 
registry entry, in the data subdirectory of the directory specified by the DDHOME 
environment variable, which would normally be the DirectedDiversity software installation 
directory, and finally, in the data subdirectory of the directory where DirectedDiversity 
Browser executable is located (installation directory). 
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The scale of the X-axis and Y-axis can be changed by: 
 
Step  Action 
1 Pressing and holding the left mouse button on one of the axis scroll arrows. 
2 Drag and release the arrow at the desired range limit. 
3 Both upper and lower limits can be set on both axes, see below. 

 

 
 
Notice that we have zoomed in on some of the structures shown in the previous figure by 
limiting the range of the Y-axis to 4 to 10.5 and the range of the X-axis to 10.0 to 25.0.  An 
area can also be zoomed in on by holding the left and right mouse buttons or the <Z> key and 
left mouse button at the same time and dragging over the area, see 2 above.  Press the <R> 
key to reset the view. 
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Custom Size and Color 
Two additional descriptors can be used to distinguish the structures on the 2D Scatter Plot 
Viewer.  These can be assigned to Custom Size and Custom Color fields.  When a 
descriptor is assigned to the Custom Size field, the size of the data points is varied to reflect 
the magnitude of the descriptor value.  When a descriptor is assigned to the Custom Color 
field, the color of the data points is varied to reflect the magnitude of the descriptor values.  A 
color scale (see 1 below) is provided on the right side to relate the color and magnitude of the 
descriptor values.  To assign descriptors to the Custom Size and Custom Color fields: 
 
Step  Action 
1 Click on the Custom Size or Custom Color box, a drop down box and scroll bar 

appears, see below. 
2 Scroll through the list to view the desired descriptor. 
3 Click on the desired descriptor. 

 

 
 
Notice that the previously assigned data point size and color for the sets are superceded.  
However, the data point style is preserved.   
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The range of the color variation can be adjusted by clicking and holding the left mouse button 
over the color scale and moving the mouse up to increase the range or down to decrease the 
range. 

Descriptor Ranges 
A viewing range can be set for each descriptor.  Molecules with a descriptor value less than 
the lower limit or greater than the upper limit are not displayed.  The ranges can be set by 
using the left and right scroll arrows associated with each descriptor in the descriptor list or 
by using a pop-up dialog box.  To set the range using the dialog box: 
 
Step  Action 
1 Right click on the background of the graph window to bring up the popup menu. 
2 Click on Adjust Filters… to open the Filters window. 
3 Click on the desired descriptor’s limit scroll bar with the right mouse button, the 

SET RANGE dialog box appears with the overall range indicated. 
4 Type in a new value for the lower limit on the left and the upper limit on the right, 

see the figure below. 
5 Click OK. 
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Or set the range using the scrolling arrows: 
 
Step  Action 
1 Right click on the background of the graph window to bring up the popup menu. 
2 Click on Adjust Filters… to open the Filters window. 
3 Press and hold the left mouse button on the left or right scroll arrow. 
4 Drag and release the arrow at the desired range limit. 
5 Set both the upper and lower limits of the desired descriptor by dragging the 

scroll bar, see 1 in the second figure below. 
 

 
 
Notice that after limiting the range of the MW (molecular weight) descriptor only eight of the  
points shown above are visible. 
 

 
 
Double-clicking on the scroll bar with the left mouse button will reset it to the full extension. 
The same controls apply to the scroll bars located along the X- and Y-axes. 
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Select Molecules 
There are several ways to select molecules in the 2D scatter plot viewer.  We can use the 
mouse, pop-up menu, dialog box, the PAGER toolbar or keyboard commands. 
 
Mouse 
The mouse can be used to select individual points or a group of points. 

Select Individual Molecules 
Individual molecules can be selected one at a time by clicking with the left mouse button near 
the corresponding point on the map (within 5 pixels in either direction). When this is done, 
the data point that is closest to the mouse cursor is selected and highlighted in yellow. Note 
that the selection is determined solely on the positions of the points on the map, and not the 
size of their respective objects. This convention may occasionally lead to unexpected 
behavior, particularly with overlapping points of different size. If the user clicks near two or 
more data points which have the same coordinates, then only the point farthest from the 
viewer in the Z-order is selected. The Z-order is determined by the order in which the sets are 
inserted in the map, unless the user has explicitly changed it with the Edit Sets dialog, as 
explained later in this chapter. Within each set, the Z-order is determined by the order of the 
corresponding compounds in the parent collection (structures in the beginning of a collection 
are plotted before structures at the end of that collection). Selected points are drawn in yellow 
and always appear on top of the rest. Clicking on a selected point will cause that point to be 
deselected (the same rule regarding multiple points with the same coordinates applies to 
deselection as well). 
 
The points are drawn in the same order they appear in the sets, and sets are drawn in the 
reverse order as they were added to the plot.  The latter can be changed by manipulating the 
sets order in the Edit Sets dialog, which is opened by clicking on the plot with the right 
mouse button.  The only exception to this rule is selected point, which are always visible, 
regardless of the drawing order.  Thus, if there are multiple overlapping data points any 
selected (highlighted) point is always shown on top.  If more than one overlapping point is 
selected then unselecting the top point will reveal the next lower selected (highlighted) point.  
Note:  This may result in no apparent change in the view since the plotter continues to 
display a highlighted point. 
 
For example, if there are three sets (set1, set2, and set3) added to the plot in this order, and 
there are three points, one from each set, which overlap, then the point from set3 is shown on 
top, and is the only one visible, as the points from sets 1 and 2 are hidden under it.  Now 
suppose that all points in set2 are selected.  Then the point shown on top is the point from 
set2, although set2 itself is not shown on top.  A mouse click on the point, in fact, selects or 
unselects the point from set3 rather than the point from set2 shown on top.  Therefore, 
clicking on this point will produce no apparent changes, because the selected point from set2 
will always remain on top.  To be sure that all overlapping points are selected, use group 
selection with <Shift>-left mouse button as described below. 
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Double clicking on the molecule’s data point opens a separate window with the molecule’s 
structure displayed.  This structure window remains in the foreground for easy reference.  If 
the molecule is de-selected the molecule’s window remains open.  Multiple structure 
windows can be opened in this way.  Pressing the <B> key when the mouse cursor is 
positioned over a structure window causes the structure to be beautified with a stochastic 
algorithm.  You may need to press the <B> key several times for the best results.  Pressing 
the <R> key reverts the structure to its original representation. 

 

Select a Group of Molecules 
A group of molecules can be selected by: 
 
Step  Action 
1 Hold the <Shift> key and the left mouse button down. 
2 Drag the mouse over the desired group of molecules. 
3 Release the left mouse button. 

 
Each data point in the group is highlighted in yellow. See the figures below. 
 
To unselect a group of molecules: 

 
Step  Action 
1 Hold the <Shift> and <D> keys and the left mouse button down. 
2 Drag the mouse over the desired group of molecules. 
3 Release the left mouse button. 
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Pop-Up Menu  

 
 
Right clicking on a data point activates the pop-up menu, which provides selecting sets and 
modifying their styles. 

 
The relevant commands for selecting and deselecting points are: 
 
Menu Commands Action 
Select Select the data point only. 
Select Set Select the entire set of molecules to which the data point belongs. 
Clear Set Deselect the entire set of molecules to which the data point belongs.

 
When a set is selected all the data points belonging to that set are highlighted. 
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Edits Sets Dialog Box  
Right clicking on the viewer background activates the popup menu. Choosing Edit Sets… 
brings up the Edit Sets dialog box. 
 

  
 
To use the dialog box to select or deselect a set of points: 
 
Step  Action 
1 Select one of the sets of molecules 
2 Click Select to select the set 
3 Click Clear to unselect the set 
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 Pager toolbar 
The PAGER toolbar buttons that can be used to select molecules are: 
 

 
Button Name Function 
Select All Select all the structures. 
Clear All Unselect all structures. 
Invert Selection Invert selection.  Select the unselected and unselect the selected 

structures. 
 
Keyboard Commands 
The keyboard commands that can be used to select molecule correspond to the 
PAGER toolbar buttons.  They are: 
 
Key Command Action 
<Ctrl> <T> Invert selection.  Select the unselected and unselect the selected 

structures. 
<Ctrl> <A> Select all the structures. 
<Ctrl> <Shift> <A> Unselect all the structures. 
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Hide and Show Molecules 
A given set of molecules can be hidden by clicking on the Hide command on the data point 
pop-up menu or the EDIT SETS dialog box discussed previously. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step  Action 
1 Right click one of the molecule data points.  The pop-up menu appears. 
2 Click Hide Set to hide the set 
3 Click Show to make the set visible again. 

 

Edit Sets Dialog Box 
Step  Action 
1 Right click on the viewer’s background.  The EDIT SETS dialog box appears. 
2 Select the set you want to hide (or show) 
3 Click Hide Set button to hide the set 
4 Click Show button to make the set visible again. 

 
During selection only the points in the sets that are not hidden are selected. 
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Edit Sets 
As seen above, the properties of a set of molecules are initially chosen when they are dropped 
into the 2D Scatter Plot Viewer.  They can be edited later from the data point pop-up menu or 
the EDIT SETS dialog box mentioned above. 
   

 
 
 
 
The Delete, Pickup Style, Apply Style and Properties commands for both of these do the 
same thing.  They allow the user to delete the currently selected set(s), transfer a style from 
one set to another, and change the properties of a set. 
 
Delete a Set 
Delete a set from the pop-up menu: 
 
Step Action 
1 Right click on a data point from the desired set.  The pop-up menu appears. 
2 Select Delete from the pop-up menu. 
3 Click OK when the pop-up dialog message asks you to confirm the delete. 

 
Delete a set from the Edit Sets Dialog Box: 
 
Step  Action 
1 Right click on the viewer’s background.  The EDIT SETS dialog box appears. 
2 Select the set(s) you want to delete. 
3 Click Delete button. 
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Transfer a Style 
Transfer a style, i.e. the color, shape, and size of the marker (data point), from one set to 
another from the pop-up menu: 
 
Step Action 
1 Right click on a data point from the first set.  The pop-up menu appears. 
2 Select Pickup Style from the pop-up menu. 
3 Right click on a data point from the second set. 
4 Select Apply Style from the pop-up menu.  The second set will assume the 

properties of the first set. 
 
Transfer a style from one set to another from the EDIT SETS dialog box: 
 
Step  Action 
1 Right click on the viewer’s background.  The popup menu appears. 
2 Click on Edit Sets… on the popup menu.  The EDIT SETS dialog box 

appears. 
2 Select the set whose style you want to transfer. 
3 Select Pickup Style from the EDIT SETS dialog box. 
4 Select the set that you want to apply the style to. 
5 Select Apply Style from the EDIT SETS dialog box.  The second set will assume 

the properties of the first set. 
 
Change Set Properties  
Selecting the Properties command from either the pop-up menu or the EDIT SETS dialog box 
opens the SET PROPERTIES dialog box.  The use of this box to change set properties is 
described in the Create 2D Scatter Plot section of this chapter, refer to steps 8 to 12. 
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Use 2D Scatter Plots  
 
In this section we describe how to identify structures, create new collections and create ZBI 
files using 2D scatter plot.  

Identify Structures in a Collection from a 2D Scatter Plot 
The structures that correspond to selected points in a 2D scatter plot can be identified in the 
collection browser window using the Highlight function from the SELECT menu or the 
PAGER toolbar.  To do this: 
 
Step  Action 
1 Select the points desired from the 2D scatter plot.  

• Click on each structure individually, or 
• Hold the <Shift> key and the left mouse button down and drag over an area. 

2A Click the Highlight button on the PAGER toolbar, or 
2B Select Highlight from the SELECT menu.   
3 Click a portion of the collection window to view the selected structures.  Only 

the structures that correspond to selected points in the 2D scatter plot are 
selected.  Any previously selected structures in the collection that do not 
correspond to points selected in the 2D scatter plot are unselected.  
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Create a New Collection from a 2D Scatter Plot 
The points selected in a 2D scatter plot can also be placed into a new collection.  To do this, 
open a new collection document window and drag and drop the points from the 2D scatter 
plot onto the new window as follows: 
 
Step  Action 
1A Select New under the FILE menu, or 
1B Click on the New button on the MAIN Toolbar. 
2 When the DOCUMENT TYPE dialog box appears choose SDF or SMILES file 

type. 
3 Click OK.  A new browser window containing a grid for structures will open, 

see 1 below. 
 

 
 
4 Select the points desired from the 2D scatter plot.  

• Click on each structure individually, or 
• Hold the <Shift> key and the left mouse button down and drag over an area. 

5 Hold the <Ctrl> and <Shift> keys and the left mouse button to drag and drop the 
selected points from the 2D scatter plot onto the new window.   

6 Click some portion of the new window to bring it forward to view. 
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7 Click Save under the FILE menu to open the standard Windows SAVE AS 
dialog box to save the new collection. 

8 Designate the file name and location. 
9 Click Save.   
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Create a ZBI File from a 2D Scatter Plot 
Creating ZBI files enables the user to save the indices of selected structures from a collection 
or library for later use.  If a group of points is selected in a 2D scatter plot, the indices of the 
structures these points represent can be saved as a ZBI file.  This file can later be imported 
into the collection’s Browser window to select the structures.  This is done as follows: 

 
Step  Action 
1 Select the structures desired from the 2D scatter plot.  See below.  

• Click on each structure individually, or 
• Hold the <Shift> key and the left mouse button down and drag over an area. 

 
2 Click Export under the SELECT menu. 
3 Click on ZBI.  The SAVE AS dialog box will open with the ZBI file type 

already selected. 
5 Select the folder for the file to be saved in.  See 1 below. 
6 Type the filename of the ZBI file.  See 2 below. 
7 Click Save. 
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2

1

 
The indices of the selected structures are now saved in the ZBI file.  To recover the selection, 
follow the procedure outlined in the Create a ZBI File Section of Chapter Two, 
DirectedDiversity Browser. 
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Summary of Mouse and Keyboard Commands 
 
2D Mouse Commands Action 
Left Button Toggle selection of a point 
<Ctrl> and Left Button Drag one point 
<Ctrl> <Shift> and Left Button Drag selection 
<Shift> and Left Button Select range 
<Shift> <D>and Left Button Unselect range 
<Ctrl> and Right Button Drag set      
Left and Right Buttons or, 
<Z> and Left Button 

Zoom to area 

 
2D Keyboard Commands Action 
<Ctrl> and <A> Select all points 
<Ctrl> <Shift> and <A> Unselect all points 
<Ctrl> and <T> Invert selection 
<R> Restore original 2D view 

 
Collection Mouse Commands Action 
Left Button Toggle selection of a structure 
<Ctrl> and Left Button Drag one structure 
<Ctrl> <Shift> and Left Button Drag selection 
<Shift> and Left Button Select range 
<Shift> <D>and Left Button Unselect range 

 
Collection Keyboard Commands Action 
<Ctrl> and <A> Select all structures 
<Ctrl> <Shift> and <A> Unselect all structures 
<Ctrl> and <T> Invert selection 
<S> Toggle selection of structure under the mouse 
<B> Beautify the structure under the mouse 
<R> Restore beautified structure under the mouse to its 

original view 
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Chapter Six 
3D Scatter Plots 
 

Overview 
 
This chapter will familiarize the user with the 3D Scatter Plot tool.  The 3D Scatter Plot tool 
enables the user to view a selection of structures from a collection or library in a 3-
dimensional map.  The descriptors used for the axes can be selected from a list of descriptors. 
 
3D Plotting in the DirectedDiversity® Browser requires that the user has an OpenInventor 
license installed, as noted in the Introduction. 

 
Specifically, this chapter includes the following sections: 

• Create 3D Scatter Plots 

• View 3D Scatter Plots 

• Use 3D Scatter Plots  

• Summary of Mouse and Keyboard Commands 

The following table identifies the appropriate section to read in order to learn how to perform 
a specific task. 

 
To learn more about …  Read the section…. See page 
Creating 3D scatter plots Create 3D Scatter Plots 106 
Viewing 3D scatter plots View 3D Scatter Plots 115 
Selecting points in 3D scatter plots  122 
Editing sets in 3D scatter plots  126 
Viewing 3D scatter plots in 2D  132 
Using 3D scatter plots to identify structures 
in a collection  

Use 3D Scatter Plots  136 

Using 3D scatter plots to create a new 
collection 

 137 

Using 3D scatter plots to create ZBI files  139 
Printing and exporting images Printing and Exporting 

Image Files 
141 

Using mouse and keyboard commands Summary of Mouse and 
Keyboard Commands 

142 
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Create 3D Scatter Plots 
 
The basic process of creating a 3D scatter plot is very similar to that of creating a 2D scatter 
plot.  A 3D scatter plot is created by opening the 3D Scatter Plot tool, designating the method 
of obtaining the descriptor values and then dragging and dropping a selection (group) of 
structures from a collection or another scatter plot to the 3D Scatter Plot tool.  Once the group 
of structures from the collection or library is transferred into the 3D Scatter Plot tool, their 
data points are assigned common properties, such as shape and color, and are referred to as a 
set.  The basic procedure is: 
 
Step  Action 
1 Select 3D Scatter from the GRAPH menu.  The CREATE MAP dialog box will 

open.  
 

The 3D Scatter Plot Viewer has the same three methods for designating the source of the 
descriptor values.  The first one references a file of descriptor values previously calculated for 
an entire collection.  The last two methods calculate the descriptor values on the fly for 
selected structures in a collection.  These are very useful when working with extremely large 
collections.  See the Create a 2D Scatter Plot section of Chapter Five, 2D Scatter Plots for 
more details. Any method used to generate the descriptors must yield at least 3 dimensions 
for viewing in the 3D Scatter Plot Viewer. 
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2 Select the desired method for obtaining descriptor values from the Method drop 

down box. 
• File to use a file containing previously calculated values for a collection. 
• Built-in to use pre-created scripts that calculate the specified values for 

selected structures from a collection or library.   
• Script to use user created Perl scripts to calculate values for selected 

structures from a collection or library.   
3A If File is selected type in the file extension for the type of descriptor set desired  

• kh1 for Kier-Hall. 
• gc1 for Ghose-Crippen. 
• lip1 for Lipinski. 
• User-defined extension.  
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3B If Built-in is selected choose the pre-created script desired.  These methods will 

calculate the corresponding descriptor values with or without normalization, a 
principal component analysis, and 3D non-linear mapping as indicated in the table 
below. 

 

  
 

Method Result 
KH Kier-Hall descriptor values. 
GC Ghose-Crippen descriptor values. 
Lipinski Lipinski descriptor values. 
KH/GC Kier-Hall and Ghose-Crippen descriptor values. 
KH/Lip Kier-Hall and Lipinski descriptor values. 
GC/Lip Ghose-Crippen and Lipinski descriptor values. 
KH/GC/Lip Kier-Hall, Ghose-Crippen, and Lipinski descriptor values. 
KH nlm 3D non-linear map based on principal components of normalized Kier-

Hall descriptors. 
GC nlm 3D non-linear map based on principal components of normalized 

Ghose-Crippen descriptors. 
Lipinski nlm 3D non-linear map based on principal components of normalized 

Lipinski descriptors. 
KH/GC nlm 3D non-linear map based on principal components of normalized Kier-

Hall and Ghose-Crippen descriptors. 
KH/Lip nlm 3D non-linear map based on principal components of normalized Kier-

Hall and Lipinski descriptors. 
GC/Lip nlm 3D non-linear map based on principal components of normalized 

Ghose-Crippen and Lipinski descriptors. 
KH/GC/Lip nlm 3D non-linear map based on principal components of normalized Kier-

Hall, Ghose-Crippen, and Lipinski descriptors. 
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3C If Script is selected  

• Enter a user supplied Perl script file name (see the User Provided Scripts 
section of Chapter Four, Using the Descriptor Generator and Reference 
Six for further details about Perl scripts) or the file name of a script from a 
previous Descriptor Generator calculation.  

• Designate the file format for the intermediate file of selected structures 
used to calculate the descriptor values.  The default, SMILES format, is 
recommended.  The format of this file does not need to be the same as the 
collection from which the structures are selected. The ZBI format is used 
only in conjunction with Combinatorial Neural Networks, as discussed in 
the Using Trained CNNs section of Chapter 8. 

 

 
 
See the Create a 2D Scatter Plot section of Chapter Five, 2D Scatter Plots for more 
information about built-in scripts. 
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4 Click OK, the 3D Scatter Plot Viewer appears, see below.  

 

 
5 Open the desired collection or library (as discussed in Chapter Two) or click on 

the collection’s window if it’s already open. 
6 Select the set of structures to be viewed.   
7 Drag and drop the set of structures onto the 3D viewer: 

• While holding the <Shift> and <Ctrl> keys down.  (For a single structure use 
just the <Ctrl> key.) 

• Click and hold the left mouse button on one of the selected structures.  
• Drag them over the 3D Scatter Plot viewer. 
• Release the mouse button before the <Shift> and <Ctrl> keys. 
• The SET PROPERTIES dialog box appears, see below. 
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8 Type in the name of the set just added to the 3D Scatter Plot Viewer.  For 

example, amines.  If no name is given a default name is used. The name must 
contain only alphanumeric characters. 

9 Select the shape of the data points from the Shape drop down box. If there are 
many points being added, it is recommended to use the Dot shape, because it 
requires significantly less computer memory and time to display. 
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10 Select the desired data point size from the Size box by typing in a value or using 

the arrow buttons.  When the Dot shape is used, the size of the displayed points 
does not depend on this setting. 

11 Select the desired resolution from the Resolution field by typing in a value or 
using the arrow buttons.  Solid objects (cubes, cones, etc.) are drawn with 
triangles. The greater the resolution the more triangles are used and the longer it 
takes to draw them. 

12 Press the Color button to select the color for this set.  
13 Select the desired color for the data points:  

• Click the Color button, the COLOR dialog box appears. 
• Click the desired color, see 1 below. 
• Click OK or press <Enter>, see 2 below. 

 

 1 

 2 
 
 

14 Once the properties are designated for the set, click OK, the set is displayed in the 
3D Scatter Plot Viewer as shown below. 

 
Note:  The more points that are displayed in the viewer, the more time and computer memory 
are consumed.  Acceptable performance depends on the hardware used. Typically, the viewer 
becomes unresponsive in the range of tens of thousands of shapes (spheres, rectangles, etc.).  
If there are too many points to display, it is recommended to use DOTS for the shape, which 
increases the range of acceptable performance by an order of magnitude or more in number of 
points displayed. 
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More than one set of structures can be viewed at a time.  Just repeat the above procedure for 
each set.  The sets may be chosen from the same collection or library or different ones.  For 
example, below are a selected number of aldehydes (cubes) from one collection and acids 
(spheres) from another collection being viewed together. 
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Troubleshooting 
If the points do not appear in the viewer on your system try: 
 
Step Action 
1 Click the right mouse button to open the BACKGROUND pop-up menu. 
2 Select Stereo from the Preferences menu.  The STEREO PREFERENCES 

dialog box opens. 
3 Click the arrow for the upper right drop down menu and reselect Raw Stereo 

(OpenGL).  See below. 

 1

 
 

4 Click OK in the error message window.  The points should appear in the viewer. 
5 Close the STEREO PREFERENCES dialog box. 
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View 3D Scatter Plots 
 
There are two modes in the 3D Scatter Plot Viewer, Viewing mode and Picking mode.  A 
hand cursor is displayed in the Viewing mode and an arrow cursor is displayed in the Picking 
mode.  You can switch between these two modes by selecting Viewing from the pop-up 
menus (press right mouse button to see the pop-up menus), or by pressing either the <Esc> 
or the <V> key on the keyboard.  When in Viewing mode, the Viewing item on the pop-up 
menu has a checkmark next to it.  The Viewing mode is used for manipulating the scene in 3 
dimensions.  You can rotate, scale, or move the scene using the mouse as described below.  
The Picking mode is used for selecting objects in the scene, dragging and dropping structures 
from the 3D scatter plot to a structure collection or 2D scatter plot, and several other tasks.  
Most of the functionality of the 3D Scatter Plot Viewer is controlled by the mouse and pop-
up menus.  Pop-up menus are context-sensitive.  If you click the right mouse button over a 
data point the DATA POINT pop-up menu allows you to do selections, view info and change 
properties of this point or the set of points to which it belongs.  Clicking the right mouse 
button on the background displays the BACKGROUND pop-up menu, which allows the user 
to change the display properties and gives access to the set editing feature.  The 
BACKGROUND pop-up menu is included in the DATA POINT pop-up menu under the 
Display submenu.  The details are discussed below. 
 
In the 3D scatter plot view below two sets of structures are displayed.  The cubes represent 
aldehydes and the spheres represent acids.  The controls for viewing the structures in the 3D 
Scatter Plot Viewer are contained on the edges of the viewer window, in a background pop-
up window and in a data point pop-up window.  Also, the mouse can be used for some 
functions. 
 

1 

3 
2 
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Viewer Window 
The viewer window controls allow the user to select the descriptors used for the X, Y, and Z-
axes, rotate the data points about each of the axes, and zoom in and out from the center of the 
points.  Also the position of the view can be shifted using the mouse. 
 
Selecting Axes 
If principal component analysis and 3-dimensional mapping were done and one of the 
suggested extensions was used for the output file then the three components with the 
maximum variance will automatically be selected as the X, Y, and Z-axes.  By default, the X-
axis, (see 1 above) is assigned to the descriptor in column 0, the Y-axis (see 2 above) is 
assigned to the descriptor in column 1, and the Z-axis (see 3 above) is assigned to the 
descriptor in column 2 of the descriptor matrix.  These may be changed as follows: 
 
Step  Action 
1 Click on the X-axis, Y-axis or Z-axis field box (see 1 to 3 above), a dropdown 

box and scroll bar appears, see 1 below.   
2 Scroll through the list to view the descriptors. 
3 Click on the desired descriptor for that axis. 

 

21 

 
The labels used for the axes are defined in the same manner as those in the 2D scatter plots.  
See Chapter Five, 2D Scatter Plots for details. 
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Rotating View about Axes 
A wheel is located next to each of the X-axis, Y-axis and Z-axis field boxes.  These allow the 
view to be rotated about the respective axes.  To do this: 
 
Step  Action 
1 Press and hold the left mouse button on the wheel. 
2 For the X-axis (wheel next to the Y-axis field box) 

• Move the wheel (mouse) up to rotate about the axis in the clockwise 
direction. 

• Move the wheel (mouse) down to rotate about the axis in the counter 
clockwise direction. 

3 For the Y-axis (wheel next to the X-axis field box) 
• Move the wheel (mouse) to the left to rotate about the axis in the 

clockwise direction. 
• Move the wheel (mouse) to the right to rotate about the axis in the 

counter clockwise direction. 
4 For the Z-axis 

• Move the wheel (mouse) to the right to rotate about the axis in the 
clockwise direction. 

• Move the wheel (mouse) to the left to rotate about the axis in the counter 
clockwise direction. 

 
Holding down the right mouse button over a wheel provides for continuous rotation.  Moving 
the mouse away from the wheel while holding down the right mouse button maintains the 
rotation even after the mouse button is released.  Click on the wheel again to stop the rotation. 
 

Zoom Wheel 
To zoom in and out from the center with the mouse: 
 
Step  Action 
1 Press and hold the left mouse button on the upper right wheel, see 2 above:  
2A Move the wheel (mouse) up to zoom out from center 
2B Move the wheel (mouse) down to zoom in to center. 

 
Zooming in and out with the Mouse 
The mouse can also be used to zoom in and out from the center. 
 
1 Select Viewing mode from the BACKGROUND pop-up menu or DATA POINT 

pop-up menu described below. 
2A Hold the left and middle mouse buttons at the same time (not available on all 

systems): 
• Move the mouse up to zoom out from center 
• Move the mouse down to zoom in to center. 

2B Hold the <Shift> and <Ctrl> keys and the left mouse button at the same time:  
• Move the mouse up to zoom out from center 
• Move the mouse down to zoom zooms in to center. 
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The figure below shows the 3D Scatter Plot view after we have zoomed in on the structures in 
the previous plot.  
 

 
 
 
Shifting View Position with the Mouse 
Holding down the middle mouse button or the <Ctrl> key and the left mouse button over the 
view and moving the mouse moves the position of the data points.  The view shifts position 
in a plane parallel to the screen as it follows the mouse up, down, left or right. 
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Background Pop-up Menu 
Right click the view background to open the BACKGROUND pop-up menu. 
 

 
The BACKGROUND pop-up menu contains the following commands: 

 
Menu Selection Function 
Edit Sets Opens the Edit Sets dialog box.   
Box The Box selections are: 

• Hide/Show 
• Labels – Hide or Show labels on box.  A checkmark 

next to the menu item indicates the labels are shown.  
• Select – Select all the points inside the dragger box. 
• Clear – Clear all the points inside the dragger box. 
• Include All – Expand the dragger box to include all 

the points. 
• Font – Open the FONT dialog box to change labels 

font characteristics. 
• Color – Opens the LABELS COLOR Dialog box to 

select the color of the labels.  Select color in same 
manner as color of data points.   
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Continued from previous page. 

Menu Selection Function 
Functions The Functions selections are: 

Home – Return view to the original or selected viewing 
point and orientation after it has been moved or 
rotated. 

Set Home – Make the current view the Home view. 
View All – Zoom and translate the scene until all points 
 are visible. 
Seek – Click on a specific point to move it to the center 

and zoom in on it.  (Viewing mode only) 
Background Open the BACKGROUND color dialog box.  Allows the 

user to change the background color. 
Draw Style The As Is and Move Same As Still represent the data 

points as a solid objects or dots as selected from the Set 
Properties menu. The other selections from the upper two 
items of the Draw Style selections give alternative 
representations of the data points when they are still and 
moving.  Reducing the level of detail to display increases 
the execution speed.   
The last item of Draw Style selections controls the 
buffering type used for display.  It is strongly 
recommended that only Double Buffer be used. 

Viewing  Toggle between the Viewing and Picking modes.  In the 
Viewing mode the points can be moved to obtain the 
desired perspective but cannot be selected.  In the 
Picking mode the points can be selected but not moved.  
A check next to the menu item indicates the Viewing 
mode is activated. 

Headlight Illuminates the selected points.  Unselecting this option 
results in black selection indicators. 

Preferences The Preferences selections are: 
Seek to Point – Activate Seek feature. 
Auto Clip Planes –Activate Auto Clip Planes feature. 
Spin Animation – Activate Spin Animation feature,  
 which allows the scene to continue 
                                  rotation after spinning it with the 
                                  mouse. 
Rotation Axes – Show rotation axes. 
Stereo – Display in stereo mode.  (Not supported) 
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Data Point Pop-up Menu 
Right click any data point in the view to open the Data Point pop-up menu. 
 

 
The Data Point pop-up menu contains the following commands: 

 
Menu Selection Function 
Info Provide the following information about the point: 

• Name of the set to which the point belongs. 
• The number of points in the set. 
• The ID number of the point from the collection. 
• The X, Y, and Z coordinates of the point. 

Viewing Toggle between the Viewing and Picking modes.  Same 
as Viewing under the BACKGROUND pop-up menu.  In 
the Viewing mode the points can be moved to obtain the 
desired perspective but cannot be selected.  In the 
Picking mode the points can be selected but not moved.  
A checkmark next to the menu item indicates the 
Viewing mode is activated. 

Select/Clear Select or unselect the data point. 
Select Set Select the entire set to which the data point belongs. 
Clear Set Unselect the entire set to which the data point belongs. 
Hide Set Hide the set from view. 
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Continued from previous page. 
Menu Selection Function 
Pickup Style Capture the style of a point for later application.  The 

style includes the shape, size, color, and resolution of the 
object representing a molecule. 

Apply Style Apply the style picked up to a different set by clicking on 
one of that set’s points.  Does not change the appearance 
of any selected points within the set.  

Properties Open the SET PROPERTIES dialog box.  Select 
properties as outlined in the Create 3D Scatter Plot 
Section above.  By clicking on a selected point you can 
change the appearance of the selection. 

Edit Sets Open the Edit Sets dialog box. 
Box The Box selections are the same as those listed under the 

BACKGROUND pop-up menu.  See previous section. 
Display Open the BACKGROUND pop-up menu.  See previous 

section. 
 

Select Molecules 
There are several ways to select molecules in the 3D scatter plot viewer.  We can use the 
mouse, pop-up menu, dialog box, PAGER toolbar, SELECT menu, Dragger Box or keyboard 
commands.  For any points to be selected the viewer must be in the picking rather than 
Viewing mode except for the PAGER Toolbar and SELECT menu.  To get in this mode, 
 
Step Action 
1A Right click the view background to open the BACKGROUND pop-up menu, or 
1B Right click any data point in the view to open the Data Point pop-up menu. 
2 Deselect the Viewing option. 

 
You can also press either the <Esc> or <V> key on the keyboard to switch between modes.   
 
In the 2D Scatter Plot Viewer selected points are designated by a yellow color.  In the 3D 
Scatter Plot Viewer selected points are designated by a change in shape and color.  By default 
the shape of the selected points is a cone and the color is purple.  The designated appearance 
of selected points can be changed from the default in the SET PROPERTIES dialog box.  To 
change a selected point’s properties: 
 
Step Action 
1 Right click any selected data point in the view to open the Data Point pop-up 

menu. 
2 Select Properties from the DATA POINT pop-up menu. 
3 Change set properties as described in the Create 3D Scatter Plot section of this 

Chapter. Refer to steps 8 to 13. 
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Mouse 
The mouse can be used to select individual points or a set of points. 

Select Individual Points 
Individual molecules can be selected one at a time by clicking each data point with the left 
mouse button.  When this is done the particular data point’s shape and color will change, see 
the cones below. The molecule can be unselected by clicking its data point a second time.   
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Double clicking on a molecule’s data point opens a separate with the molecule’s structure 
displayed.  This structure window remains in the foreground for easy reference.  If the 
molecule is deselected the molecule’s window remains open.  Multiple structure windows can 
be opened in this way.  Pressing the <B> key while the mouse cursor is over the structure 
window beautifies the molecule using a stochastic algorithm.  Press the <R> key to revert the 
structure to its original configuration. 
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Data Point Pop-up Menu  
The DATA POINT pop-up menu is activated by right clicking on a data point while in the 
Picking mode.   
 

 
The relevant commands for selecting and deselecting points are: 
 
Menu Commands Action 
Select Select the data point only. 
Select Set Select the entire set of molecules to which the data point belongs. 
Clear Set Deselect the entire set of molecules to which the data point belongs.

 
When a set is selected all the data points belonging to that set change to the specified shape 
and color for selected points, see below.  The default is purple cones. 
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Edits Sets Dialog Box  
From either the BACKGROUND or DATA POINT pop-up menus select Edit Sets.   This 
activates the EDIT SETS dialog box.  This dialog is similar to that used in the 2D scatter 
plots. 
 

 
Use the dialog box to select or deselect a set of points: 
 
Step  Action 
1 Click on set name to select one of the sets of molecules.  Holding the <Shift> key 

and clicking set names allows the user to select consecutive sets and holding the 
<Ctrl> key and clicking the set names allows the user to select multiple sets 
individually. 

2 Click Select to select the set 
3 Click Clear to unselect the set 
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Dragger Box 
Each of the previous methods of selection allowed the user to select either one individual 
point at a time or a whole set of points.  The Dragger Box provides a way of selecting a group 
of molecules within a given volume regardless of the set to which they belong. 
 
The Dragger box is shaped like a wire frame box with small cubes mounted on each corner, 
see 1 below.  In the Picking mode, click and drag any of these corner cubes to scale the box 
uniformly.  Six other center cubes, see 2 below, are centered on the sides of the box; white 
lines connect them to the center of the dragger box.  Drag one of the center cubes along its 
line to stretch or compress the box in that direction. 
 

 
 

Dragging a face of the box translates the Dragger box within that plane.  While you drag a 
face of the box, purple feedback arrows display the possible directions of motion, see 1 
below.  Press the <Shift> key to constrain the motion to one of the two major directions in 
the plane, see 2 below.  The constraint direction is chosen based on the next user gesture.  
Press the <Ctrl> key and the dragger will translate perpendicular to that plane, see 3 below.   
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By default, dragging any of the small cubes scales about the center of the object.  Pressing the 
<Ctrl> key changes this: A corner cube will scale about its opposite corner.  A center cube 
will scale about the center of its opposite face.  
 

 
 
The Dragger box can be opened centered at a point by holding the <Shift> key and clicking 
on the point in the Picking mode, see below.  Once this is done the box can be moved and 
expanded to include other similar molecules.   
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Press the <S> key to select all the points inside the Dragger box.  Press the <D> key to 
deselect all the points in the Dragger box. If a point is represented by a solid shape, e.g., a 
cube, the whole shape must be inside the Dragger box in order for the point to be selected. In 
order to use more precise boundaries for selection, select the Dot shape for all sets. 
 

 
Only the points that belong to non-hidden sets (see below) can be selected or 
deselected with the dragger box.   
Note:  Points located outside the dragger box cannot be selected by clicking on 
them with the mouse while the dragger box is displayed.  You have to hide the 
dragger box to gain access to the points within the box. 
 

Pager Toolbar 
The PAGER toolbar buttons that can be used to select molecules are: 

 
 
Button Name Function 
Select All Select all the structures. 
Clear All Deselect all structures. 
Invert Selection Invert selection.  Select the unselected and unselect the selected 

structures. 
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Keyboard Commands 
The keyboard commands that can be used to select molecules correspond to the 
SELECT menu commands.  They are: 
 
Key Command Action 
<Ctrl> <T> Invert selection.  Select the unselected and unselect the selected 

structures. 
<Ctrl> <A> Select all the structures. 
<Ctrl> <Shift> <A> Unselect all the structures. 

 
 

Hide and Show Points 
Clicking the Hide command on the DATA POINT pop-up menu or the EDIT SETS dialog 
box that was previously discussed hides a given set of points. 
 

 
Step  Action 
1 Right click one of the data points.  The pop-up menu appears. 
2 Click Hide Set to hide the set 
3 Click Show to make the set visible again. 

 

Edit Sets Dialog Box 
Step  Action 
1 Right click one of the data points.  The pop-up menu appears. 
 Select Edit Sets from the pop-up menu.  The EDIT SETS dialog box appears. 
2 Select the set(s) that you want to hide (or show). 
3 Click the Hide button to hide the set(s). 
4 Click the Show button to make the set(s) visible again. 

 
The EDIT SETS dialog box allows you to show or hide a set without needing to click on a 
specific points from the that set. 
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Edit Sets Properties 
As seen above, the properties of a set of molecules are initially chosen when they are copied 
into the 3D Scatter Plot Viewer.  They can be edited later from the data point pop-up menu or 
the EDIT SETS dialog box mentioned above. 

 
 
The Pickup Style, Apply Style and Properties commands do the same thing for both of these.  
They allow the user to change the properties of a set directly or by transferring a style from 
one set to another. 
 
Transfer a Style 
Transfer a style from one set to another from the pop-up menu: 
 
Step Action 
1 Right click on a data point from the first set.  The pop-up menu appears. 
2 Select Pickup Style from the pop-up menu. 
3 Right click on a data point from the second set. 
4 Select Apply Style from the pop-up menu.  The second set will assume the 

properties of the first set. 
 
Transfer a style from one set to another from the EDIT SETS dialog box.  This allows you to 
transfer styles without needing to click on specific points from the two sets. 
 
Step  Action 
1 Right click on a data point. The pop-up menu appears. 
2 Select Edit Sets from the pop-up menu. 
3 Select the set whose style you want to transfer. 
4 Select Pickup Style from the EDIT SETS dialog box. 
5 Select the sets that you want to apply the style to. 
6 Select Apply Style from the EDIT SETS dialog box. The selected sets will 

assume the properties of the first set. 
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Change Set Properties  
Selecting the Properties command from either the pop-up menu or the EDIT SETS dialog box 
opens the SET PROPERTIES dialog box.  The use of this box to change set properties is 
described in the Create 3D Scatter Plot section of this chapter, refer to steps 8 to 13. 

 

View Selected 3D points in 2D 
There may be times when there is an advantage in viewing points from a 3D scatter plot in 
the 2D Scatter Plot Viewer. To do this: 
 
Step  Action 
1A Select 2D Scatter under the GRAPH menu, or 
1B Click on the 2D Scatter button on the TOOLS Toolbar. 
2 When the Create Map dialog box appears choose desired method and specify the 

appropriate file extension type.   
3 Click OK.  A new 2D Scatter Plot Viewer window will open, see 1 below. 
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4 Select the points in the 3D scatter plot.  See cones in the figure above. 

• Click on each structure individually, or 
• Click Select Set from the DATA POINT pop-up menu to select the entire 

set, or 
• Open the Dragger box, position it about the desired points and press <S>.  

See Dragger Box under Selecting Molecules above. 
5 Hold the <Ctrl> and <Shift> keys and the left mouse button to drag and drop the 

selected points from the 3D scatter plot onto the 2D scatter plot.   
6 Click some portion of the new window to bring it forward to view. 

 
 
7 Type in a name for the set. 
8 Specify the desired properties for the set or use the defaults. 
9 Click OK. 

 
The points from the 3D scatter plot are now displayed in the 2D Scatter Plot Viewer. Note: If 
the points selected in the 3D scatter plot belong to different sets, the points in each set will be 
copied to the 2D scatter plot separately, and for each set you will have to specify the set 
properties in the SET PROPERTIES dialog box. 
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Similarly, points in a 2D scatter plot can be viewed in the 3D Scatter Plot Viewer.  To do this: 
 
Step  Action 
1A Select 3D Scatter under the GRAPH menu, or 
1B Click on the 3D Scatter button on the TOOLS Toolbar. 
2 When the Create Map dialog box appears choose desired method and specify the 

appropriate file extension type.  
3 Click OK.  A new 3D Scatter Plot Viewer window will open, see 1 below. 

 
 
4 Select the structures desired from the 2D scatter plot.  

• Click on each structure individually, or 
• Hold the <Shift> key and the left mouse button down and drag over an area. 

5 Hold the <Ctrl> and <Shift> keys and the left mouse button to drag and drop the 
selected points from the 2D scatter plot onto the 3D scatter plot.   

6 Click some portion of the new window to bring it forward to view. 
7 Type in a name for the set. 
8 Specify the desired properties for the set or use the defaults. 
9 Click OK. 

 
The points from the 2D scatter plot are now displayed in the 3D Scatter Plot Viewer. 
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Use 3D Scatter Plots  
 
In this section we describe how to identify structures, create new collections and create ZBI 
files using 3D scatter plots.  

Identify Structures in a Collection from a 3D Scatter Plot 
The structures that correspond to selected points in a 3D scatter plot can be identified in the 
collection browser window using the Highlight function from the SELECT menu or the 
PAGER toolbar.  To do this: 
 
Step  Action 
1 Select the points desired from the 3D scatter plot.  

• Click each structure individually, or 
• Click Select Set from the DATA POINT pop-up menu to select the entire 

set. 
2A Click the Highlight button on the PAGER toolbar, or 
2B Select Highlight from the SELECT menu.   
3 Click a portion of the collection window to view the selected structures.  Only 

the structures that correspond to selected points in the 3D scatter plot are 
selected.  Any previously selected structures in the collection that do not 
correspond to points selected in the 3D scatter plot are unselected.  

 



3D Scatter Plots DirectedDiversity Release 3.5 
 

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 137 

Create a New Collection from a 3D Scatter Plot 
The points selected in a 3D scatter plot can also be placed into a new collection.  To do this, 
open a new collection document window and then drag and drop the points from the 3D 
scatter plot onto the new window as follows: 
 
Step  Action 
1A Select New under the FILE menu, or 
1B Click on the New button on the MAIN Toolbar. 
2 When the DOCUMENT TYPE dialog box appears choose SDF or SMILES file 

type. 
3 Click OK.  A new browser window containing a grid for structures will open, 

see 1 below. 
 

1 

 
4 Select the points desired from the 3D scatter plot.  See the cones in the above 

figure. 
• Click on each structure individually, or 
• Click Select Set from the DATA POINT pop-up menu to select the entire 

set, or 
• Open the Dragger box, position it about the desire points and press <S>.  See 

Dragger Box under Selecting Molecules above. 
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5 Hold the <Ctrl> and <Shift> keys and the left mouse button to drag and drop the 

selected points from the 3D scatter plot onto the new window.   
6 Click some portion of the new window to bring it forward to view. 

 
 
7 Click Save under the FILE menu to open the standard Windows SAVE AS 

dialog box to save the new collection. 
8 Designate the file name and location. 
9 Click Save.   

 
The new collection is now saved.  You can directly export the selected structures as a 
SMILES or SDF file by choosing Export As (SDF/SMILES) from the SELECT menu. 
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Create a ZBI File from a 3D Scatter Plots 
Creating ZBI files enables the user to save the indices of selected structures from a collection 
or library for later use.  If a group of points is selected in a 3D scatter plot the indices of the 
structures these points represent can be saved as a ZBI file.  This file can later be imported 
into the collection to select the structures in the collection’s Browser window.  This is done as 
follows: 

 
Step  Action 
1 Select the structures desired from the 3D scatter plot.  See below.  

• Click on each structure individually, or 
• Click Select Set from the DATA POINT pop-up menu to select the entire 

set, or 
• Open the Dragger box, position it about the desire points and press <S>.  See 

Dragger Box under Selecting Molecules above. 
 

 
2 Click Export under the SELECT menu. 
3 Click on ZBI.  The SAVE AS dialog box will open with the ZBI file type 

already selected. 
5 Select the folder for the file to be saved in.   
6 Type the filename of the ZBI file.   
7 Click Save. 
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The indices of the selected structures are now saved in a ZBI file.  To recover these, follow 
the procedure outlined in the Create a ZBI File Section of Chapter Two, DirectedDiversity 
Browser. 
 
For more details about ZBI file format refer to Reference Three, File Formats. 
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Printing and Exporting Image Files 
 
The 3D Scatter Plot images can be printed or saved as VRML, MS Windows Bitmap, 
Postscript, and RGB files. To print a view, select Print from the File menu. To save a plot 
on disk, use Export As in the File menu, and choose the file format that you would like to 
use. 
 

 
 
VRML files are saved in the Template Graphics Software Open Inventor VRML format with 
the .iv extension and can be later viewed with mapviewer, a simple utility provided with 
DirectedDiversity® software. This utility can be started from the Programs folder under 
the MS Windows Start menu by selecting 3DP DD mapviewer. It can open the exported 
files and provides basic controls, similar to those of 3D Scatter Plot Viewer described above.  
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Summary of Mouse and Keyboard Commands 
 
3D Mouse Command Viewing Mode Action Picking Mode Action 
Left Button Rotate scene Toggle selection of a point 
<Ctrl> and Left Button Move (translate) scene Drag one point 
<Ctrl> <Shift> and Left Button Zoom scene Drag selection 
Left and Middle Buttons Zoom scene  
<Ctrl> and Middle Button Zoom scene  
<Shift> and Left Button Move (translate) scene Show dragger box centered 

about point 
<Ctrl> and Right Button  Drag set 
Middle Button Move (translate) scene  

 
3D Keyboard Command Viewing Mode Action Picking Mode Action 
<Home> Go to Home  
Arrow keys Move (translate) scene  
<S> Seek Select all points within the 

Dragger Box 
<D>  Unselect all points within the 

Dragger Box 
<Ctrl> and <A> Select all points Select all points 
<Ctrl> <Shift> and <A> Unselect all points Unselect all points 
<Ctrl> and <T> Invert selection Invert selection 
<V> Switch to Picking mode Switch to Viewing mode 
<A> View all View All 

 
 



 

Chapter Seven 
 Using the Selector Tools 
 

Overview 
 
DirectedDiversity has a number of tools for selecting compounds from virtual collections. 
The most notable are the Combinatorial and Multi-Objective Selectors found under the 
Selector option of the TOOLS menu (or the corresponding toolbar icons). The 
Combinatorial Selector is used for selecting compounds from very large combinatorial 
libraries. The Multi-Objective selector is used for selecting compounds from one or more 
compound collections based on one or more user-defined selection criteria. There are also 
five selection options under the SELECT menu (Range, Random, Diversity, Similarity and 
Script) and two options under the SEARCH menu (Search and Exact Search). The difference 
between the SELECT and SEARCH menu options is that the former are descriptor-based and 
require the presence of auxiliary files, whereas the latter are based on the connection tables 
and do not require any additional information other than that provided in the structure files 
themselves. 
  
Specifically, this chapter includes the following sections: 

• Search Menu Tools 

• Select Menu Tools 

• Multi-Objective Selector 

• Combinatorial Selector  
The following table identifies the appropriate section to read in order to learn how to perform 
a specific task. 

 
To learn more about …  Read the section…. See page 
Using the Search tool Search Menu Tools  144 
Using the Exact Search tool  149 
Using the Range selection tool Select Menu Tools  152 
Using the Random selection tool  154 
Using the Diversity selection tool  155 
Using the Similarity selection tool  157 
Using the Script selection tool  77 
Using the Multi-Objective Selector  Multi-Objective Selector  160 
Using the Combinatorial Selector Combinatorial Selector 180 
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Search Menu Tools 
 
The Search and Exact Search tools are found under the SEARCH menu. These tools perform 
searches based on structural properties and do not require calculated descriptors. They can be 
used with small to medium sized collections; searches from large collections should be done 
in batch mode using the appropriate command line utilities. The use of the Search and Exact 
Search tools is outlined below. 

Search 
Choosing Search under the SEARCH menu opens the SEARCH dialog box. From this 
dialog box, shown below, the user can specify whether to search by properties, substructure, 
and/or tags.  
 

 
 
Properties Tab 
The selection criteria under the Properties tab (shown above) are described in the following 
table. 
 
Field Name Action 
Find In Specify which subset of compounds the search should be limited to: 

• All - Search the entire collection. This is the default. 
• Selected - Search only the selected structures in the collection. 

Atoms Optional. Type one or more atomic symbols separated by comma in the 
text field, or click the button on the right hand side and select them with 
the mouse from the periodic table (shown below). Then select: 
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• Include – Select molecules that contain all the specified 
elements. This is the default. 

• Exclude - Select molecules that do not contain the specified 
elements. 

• Only – Select molecules that contain only the specified elements. 
 

 
Field Name Action 
Mol Weight Optional. Specify the allowed range of molecular weights. If a field is 

empty, it is not used in the selection. For example, a 100 in the first field 
and an empty second field results in a selection of molecules with 
molecular weight greater than or equal to 100. A 500 in the second field 
and an empty first field results in the selection of molecules with 
molecular weight of 500 or less. A 100 in the first field and a 500 in the 
second field results in the selection of molecules having molecular weight 
between 100 and 500. 

Frag Count Optional. Specify the allowed number of fragments in the molecule. See 
Mol. Weight above for details. Fragments are disconnected parts of the 
chemical species, e.g. salts. 

Ring Count Optional. Specify the allowed number of rings in the molecule. The 
number of rings is based on the smallest set of smallest rings. See Mol. 
Weight above for details. 

Charge Optional. Specify the allowed range of charges. See Mol. Weight above 
for details. 

Aromatic Optional. Specify the desired aromatic character: 
• Yes – Select molecules that contain aromatic groups. 
• No – Select molecules that do not contain aromatic groups.  
• Any – Do not use this filter. This is the default. 

Saturated Inactive.  
Clear Clears the search fields for all three tabs in the dialog box. 
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Substructure Tab 
The Substructure tab, shown below, allows the user to perform substructure searching using a 
SMARTS string. For more information about SMARTS strings, see Reference Five. 
 

 
 
The property fields and corresponding actions are described in the following table. 
 
Field Name Action 
Substructure Type in the SMARTS string that represents the desired substructure. For 

example, type [C,c][CH]=O (no spaces) to select aldehydes. Or, 
Click the Sketch button and use the Sketcher window (shown below) 
to draw the substructure. 
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Continued from previous page. 
 
Occurrences Indicate the number of substructures that should be present the molecule. 

If both fields are empty, the program will select compounds that contain 
at least one occurrence of the specified substructure. If the first field is 
empty and the second contains a number, n, only compounds that contain 
from 0 to n occurrences of the substructure will be selected. If the first 
field contains a number, n, and the second field is empty, only 
compounds that contain at most n occurrences of the substructure will be 
selected. Finally, if the first field contains a number, n1, and the second a 
number n2, only structures that contain between n1 and n2 occurrences of 
the substructure will be selected.  

Action Specify which molecules to include in the selection. 
• Include - Select molecules that contain this substructure. 
• Exclude – Select molecules that do not contain this 

substructure.  
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Tags Tab 
The Tags tab, shown below, allows the user to select molecules by name or tag. For more 
information on how to display the names and/or tags of the molecules, see Chapter Two, The 
DirectedDiversity Browser (PROPERTIES dialog box). 
 

 
 
The Tags tab fields and corresponding actions are described in the following table. 

 
Field Name Action 
Field Select type of search: 

• Name – Search by name. 
• Tag – Search by tag. 

Tag Specify which tag to search by. Activated when Tag is selected. 
Values List the names of molecules (if Name is selected) or the values of the 

tags (if Tag is selected) to search for: 
• File – Click to open a file selection dialog box. Select a text file 

with a list of names or tags to input into the keyword field. 
• Clear – Click to clear the Keywords field. 

 
The List All Tags button initiates a search through the whole collection, unlike the Select-
>Export->Tags menu where the search is performed on the selected molecules only. 
Canceling the search for tags will keep the names of the tags that were found until then. 
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To perform a search: 
 
Step  Action 
1 Open the collection to be searched or, if it is already open, click on a portion of its 

window to make it the active window. 
2 Select Search from the SEARCH menu. The SEARCH dialog box appears. 
3 Click on the desired tabs (Properties, Substructure, or Tags) and specify the 

desired search options. 
4 Click OK. 

Exact Search 
The Exact Search tool allows the user to find a set of structures from one collection (source) 
in another collection (target, the active collection). This is done from the FIND 
STRUCTURES dialog box. 
 

 
 

The FIND STRUCTURES dialog fields and corresponding actions are described in the 
following table. 

 
Field Name Action 
Select From Specify which subset of compounds from the active window (target view) 

the search should be limited to: 
• All - Search the entire collection. This is the default. 
• Selected - Search only the selected structures in the collection. 

Structures Specify the collection containing the query structures. To select a 
collection, click the arrow button on the right of the text field, and then 
click on a portion of a visible window in the Browser to select that 
collection. The edit field will be updated to display the title of the 
selected view. 
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Continued from the previous page. 
 
 Specify which subset of molecules in the source collection (the one 

selected with the arrow button as described above) to use as queries: 
• All – Find all the molecules in the collection. 
• Selected - Find only the selected molecules in the collection. 

This is the default. 
Ignore Stereo-
chemistry 

If checked, performs the exact matching ignoring stereochemistry, and 
stereoisomers will be treated as identical. If unchecked, stereoisomers are 
distinct. 

 
 
To perform a search: 
 
Step  Action 
1 Open the collection to be searched or, if it is already open, click on a portion of its 

window to make it the active window. 
2 Select Exact Search from the SEARCH menu. 
3 Select All (the default) or Selected in the Select From field to define which 

subset of structures from the active collection the search should be limited to. 
4 Click the arrow button on the right of the text field and then click on the window 

containing the query structures. 
5 Select All or Selected (the default) to specify which subset of structures from 

that window should be used as queries. 
6 Check the Ignore Stereochemistry box if stereoisomers should be treated as 

identical. 
7 Click OK. 

 

Find Duplicates 
The Find Duplicates tool allows the user to find duplicate structures in a collection. This is 
done from the FIND DUPLICATES dialog box. 
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The FIND STRUCTURES dialog fields and corresponding actions are described in the 
following table. 

 
Field Name Action 
Search Specify which subset of compounds from the active window (target view) 

the search should be limited to: 
• All - Search the entire collection. This is the default. 
• Selected - Search only the selected structures in the collection. 

Ignore smaller 
fragments 

Specify that smaller fragments in multi-fragment structures should be 
ignored or, in other words, only the largest fragments should be 
compared. Check this box in order to find identical structures that differ 
in counter-ions or adducts. 

Ignore Stereo-
chemistry 

If checked, performs the exact matching ignoring stereochemistry, and 
stereoisomers will be treated as identical. If unchecked, stereoisomers are 
distinct. 

Select 
superfluous 
duplicates 

Specify that only superfluous duplicate structures should be selected (e.g. 
out of a pair of duplicates one structure will be selected, out of a triplet of 
duplicates two structures will be selected, etc.). This option is very 
helpful if the goal is to clean structure collection from the redundant 
molecules. NOTE: In combination with the Ignore smaller fragments 
option molecules of a higher molecular weight will be considered 
redundant (e.g. adduct or salt forms instead of pure molecules). 

Select all 
duplicates 

Specify that all non-unique structures should be selected.  

 
To perform a search: 
 
Step  Action 
1 Open the collection to be searched or, if it is already open, click on a portion of its 

window to make it the active window. 
2 Select Find Duplicates from the SEARCH menu. 
3 Select All (the default) or Selected in the Select From field to define which 

subset of structures from the active collection the search should be limited to. 
4 Click on appropriate boxes to select the desired options. 
5 Click OK. 
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Select Menu Tools 
 
Under the SELECT menu there are five additional selection options. Three of these options 
(Diversity, Similarity and Script) require that appropriate descriptors be calculated for the 
target collection and can be used for small to medium sized collections. The other two (Range 
and Random) do not require descriptor information and can be used with collections of any 
size. For combinatorial libraries, the compounds can be selected as “singles” or “arrays”. 
“Singles” refers to a subset of products that is not constrained by the number or types of 
reagents involved. “Arrays” represent the products derived by combining a given subset of 
reagents in all possible combinations as prescribed by the reaction scheme. For more 
information on these types of selections, see Multi-Objective Selector, Introduction, below. 

Range 
When Range is selected from the SELECT menu, the RANGE dialog box opens. This dialog 
box allows the user to select a specific subset of structures from a collection or library by 
entering their indices in the Range field. For combinatorial libraries, the user can 
alternatively select a specific array by entering the indices of the desired reagents in their 
respective fields (R1, R2, etc; see below). A range is specified as a list of zero-based indices 
or index ranges separated by commas (no spaces allowed), or by the name of a ZBI file 
containing the indices of the compounds or reagents to be selected. “1,10-20”, “1,2,3”, 
“0”, and “foo.zbi” are all examples of valid range specifications. 
 

 
 
The RANGE SELECTION dialog fields and corresponding actions are described in the 
following table. 
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Field Name Action 
Range Specify the indices of the compounds to select in the Range field by: 

• Typing in a list of indices or index ranges separated by commas 
(no space allowed), or 

• Specifying the name of a ZBI file containing the indices of the 
compounds to be selected, or 

• Clicking the button labeled “…” on the right of the Range text 
field and selecting a ZBI file with the file selection dialog box. 

R1, R2, etc. If the collection is a combinatorial library, specify the indices of the 
reagents to select at each site in the respective R<n> fields by: 

• Typing in a list of indices or index ranges separated by comma 
(no spaces allowed), or 

• Specifying the name of a ZBI file containing the indices of the 
reagents to be selected at that site, or 

• Clicking the button labeled “…” on the right of the R<n> text 
field and selecting a ZBI file with the file selection dialog box. 

 
Once the range (or ranges) is entered and OK is clicked, the MERGE dialog box appears if 
any structures in the collection were already selected.  
 

 
 
The MERGE dialog box allows the user to specify how the new selection will impact the 
current selection in the collection. The four options are: 
 
Option  Effect 
Replace Replaces the current selection with the new selection. 
Add Adds the new selection to the current selection. 
Binary AND Selects only the structures that are common between the current selection 

and the new selection. 
Binary XOR Selects only the structures that are not in common between the current 

selection and the new selection. 
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To perform a selection: 
 
Step  Action 
1 Open the collection to be searched or, if it is already open, click on a portion of its 

window to make it the active window. 
2 Select Range from the SELECT menu. 
3A Type in the indices of the compounds to select in the Range field, or 
3B If the collection is a combinatorial library, type in the indices of the reagents to 

select at each site (R1, R2, etc.). 
4 Click OK. 
5 Select the desired merge option (the MERGE dialog box will not appear if there 

are no structures already selected in the collection). 
6 Click OK. 

Random 
Selecting Random from the SELECT menu opens the RANDOM SELECTION dialog box. 
This dialog box allows the user to select structures from a collection or library at random by 
entering the desired number of compounds in the Number field. For combinatorial libraries, 
the user can alternatively specify an array by entering the desired number of reagents in their 
respective fields (R1, R2, etc; see below). 
 

 
 
The RANDOM SELECTION dialog fields and corresponding actions are described in the 
following table. 

 
Field Name Action 
Select From Choose which subset of compounds the selection should be limited to: 

• All – Select from the entire collection. This is the default. 
• Selected - Select from the structures that are currently selected. 

Number Type in the number of compounds to select. 
R1, R2, etc. If the collection is a combinatorial library, type in the number of reagents 

to select at each site. 
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To perform a selection: 
 
Step  Action 
1 Open the collection to be searched or, if it is already open, click on a portion of its 

window to make it the active window. 
2 Select Random from the SELECT menu. 
3 Select All or Selected from Selected From dropdown menu to specify what 

part of the collection the search should be limited to. The default is All.  
4A Type in the number of the compounds to select in the Number field, or 
4B If the collection is a combinatorial library, type in the number of reagents to select 

at each site in the respective R<n> fields. 
5 Click OK. 
6 Select the desired merge option. The MERGE dialog box will not appear if there 

are no structures already selected in the collection (see Range above). 
7 Click OK. 

 

Diversity 
The diversity tool allows the user to select a number of structures from a collection or a 
combinatorial library that are maximally diverse from each other. The selection is based on a 
set of descriptors, which must be available in the form of a binary matrix file before this tool 
can be used. Selecting Diverse from the SELECT menu opens the DIVERSITY 
SELECTION dialog box (see below). The user can choose how many structures to select from 
a collection or library by entering a number in the Number field. For combinatorial libraries, 
the user can alternatively specify an array by entering the desired number of reagents in their 
respective fields (R1, R2, etc). Note that in both cases diversity is assessed at the product 
level. That is, arrays are not derived by selecting the most diverse reagents, but rather by 
selecting the reagents that lead to the most diverse products. 
 

 
 
The DIVERSITY SELECTION dialog fields and corresponding actions are described in the 
following table. 
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Field Name Action 
Select From Choose which subset of compounds the selection should be limited to: 

• All – Select from the entire collection. This is the default. 
• Selected - Select from the structures that are currently selected. 

Number Type in the number of compounds to select. 
R1, R2 etc If the collection is a combinatorial library, type in the number of reagents 

to select at each site in the respective R<n> fields. 
Extension Enter the file extension of the descriptor file. The descriptor file should be 

located in the same directory and should have the same name as the 
corresponding structure file (i.e. the two files should differ only in their 
file extensions). 

ZBI File Specify the output ZBI file. The default is out.zbi. To specify 
another file: 

• Type in a file name, or 
• Click the button on the right of the text field to select a file with a 

file selection dialog box. 
Batch Click the box to perform the search as a batch job. If the search is 

executed in batch mode, the Merge dialog will not appear, and the target 
view will not be automatically updated to highlight the new selection 
when the job has finished. 

 
To perform a selection: 
 
Step Action 
1 Open the collection to be searched or, if it is already open, click on a portion of its 

window to make it the active window. 
2 Select Diverse from the SELECT menu. 
3 Select All or Selected from Selected From dropdown menu to specify what 

part of the collection the search should be limited to. The default is All.  
4A Type in the number of compounds to select, or 
4B If the collection is a combinatorial library, type in the number of reagents to select 

at each site in the respective R<n> fields. 
5 Enter the extension of the descriptor file.  
6A Use the default ZBI file, or  
6B Type an output file name in the ZBI File field, or 
6C Click the button on the right of the field and select a ZBI file with a file selection 

dialog box. 
7 Check Batch if the search is to be performed in the background. 
8 Click OK. 
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Continued from the previous page. 
 
9 Select the desired merge option (the MERGE dialog box will not appear if the 

selection is performed in batch mode or if there are no structures already selected 
in the collection): 

• Replace - Replaces the current selection with the new selection. 
• Add - Adds the new selection to the current selection. 
• Binary AND - Selects only the structures that are in common between 

the current selection and the new selection. 
• Binary XOR – Selects only the structures that are not in common 

between the current selection and the new selection. 
10 Click OK. 

 
 

Similarity 
The similarity tool allows the user to select a number of structures from a collection or library 
that are most similar to a prescribed set of leads. The selection is based on a set of 
descriptors, which must be available in the form of a binary matrix file before this tool can be 
used. Selecting Similar from the SELECT menu opens the SIMILARITY SELECTION 
dialog box (see below). The user can choose how many structures to select from a collection 
or library by entering a number in the Number field. For combinatorial libraries, the user can 
alternatively specify an array by entering the desired number of reagents in their respective 
fields (R1, R2, etc). 
 

 
 
The SIMILARITY SELECTION dialog fields and corresponding actions are described in the 
following table. 
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Field Name Action 
Select From Choose which subset of compounds the selection should be limited to: 

• All – Select from the entire collection. This is the default. 
• Selected - Select from the structures that are currently selected. 

Number Type in the number of compounds to select. 
R1, R2 etc If the collection is a combinatorial library, type in the number of reagents 

to select at each site in the respective R<n> fields. 
Extension Enter the file extension of the descriptor file. The descriptor file should be 

located in the same directory and should have the same name as the 
corresponding structure file (i.e. the two files should differ only in their 
file extensions). 

Leads Click the arrow button to the right of the Leads box and then click a 
portion of a visible window in the Brower to select the collection 
containing the leads. 

 Specify which subset of structures to be used as leads: 
• All - Use all the structures in the collection as leads.  
• Selected - Use only the selected structures in the collection as 

leads. This is the default. 
ZBI File Specify the output ZBI file. The default is out.zbi. To specify 

another file: 

• Type in a file name, or 
• Click the button on the right of the text field to select a file with a 

file selection dialog box. 
Batch Click the box to perform the search as a batch job. If the search is 

executed in batch mode, the Merge dialog will not appear, and the target 
view will not be automatically updated to highlight the new selection 
when the job has finished. 

 
To perform a selection: 
 
Step Action 
1 Open the window of the collection or library that contains the lead(s). 
2 Select the desired leads. 
3 Open the collection to be searched or, if it is already open, click on a portion of its 

window to make it the active window. 
4 Select Similar from the SELECT menu. 
5 Select All or Selected under Selected From dropdown menu to specify what 

subset of the collection the selection should be limited to. The default is All. 
6A Type in the number of compounds to select, or 
6B If the collection is a combinatorial library, type in the number of reagents to select 

at each site in the respective R<n> fields. 
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Continued from the previous page. 
 
7 Enter the file extension for the descriptor file. 
8 Click on the arrow button to the right of the Leads box and then click on a portion 

of the window opened in step 1 above to specify the leads. 
9A Click All to use the entire collection as leads, or 
9B Click Selected (the default) to use only the selected structures in that collection 

as leads. 
10A Use the default ZBI file, or 
10B Type in a file name in the ZBI File field, or 
10C Click the first button on the right of the field and select a ZBI file with a file 

selection dialog box. 
11 Check Batch if the search is to be performed as a batch job. 
12 Click OK. 
13 Select the desired merge option (the MERGE dialog box will not appear if the 

selection is performed in batch mode or if there are not any structures already 
selected in the collection): 

• Replace - Replaces the current selection with the new selection. 
• Add - Adds the new selection to the current selection. 
• Binary AND - Selects only the structures that are in common between 

the current selection and the new selection. 
• Binary XOR – Selects only the structures that are not in common 

between the current selection and the new selection. 
14 Click OK. 

 
See Tutorial Seven for a specific application of the Similarity Selection tool. 

Script 
The Script tool is an optional tool that is not available in this version. This tool allows the 
user to conduct searches using external scripts. 
 
Note: Similarity and diversity selections can be performed in the interactive or batch modes, 
as described above. In both cases, the selection is performed by executing a Perl script that 
uses the “qselect” command-line utility to obtain the results (see Reference Two, Command-
Line utilities for description of the “qselect” program). If the script execution fails for any 
reason, the “Selection failed” error message is displayed.  
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Multi-Objective Selector 
  
The DirectedDiversity Multi-Objective Selector is used to select one or more sets of 
compounds from one or more compound collections or libraries according to a set of 
selection criteria prescribed by the user. The Multi-Objective Selector does not use the 
connection tables directly; instead, the selection is based on a set of binary matrix files 
(typically, descriptor files) associated with every collection. Because it requires descriptors 
for each compound in the virtual library, this tool can be used with small to medium sized 
libraries. For very large libraries, the user should use the Combinatorial Selector described in 
the next section. 

Introduction 
In its simplest form, the selection problem can be stated as follows: given an n-member 
virtual library and a number k, find the `best' set of k compounds in that population. The 
approach taken here is to use a multi-objective fitness function to evaluate the quality of a 
design, and use a stochastic search engine such as simulated annealing to maximize that 
function and identify the optimal (or a nearly optimal) set. The method is illustrated below.  
 

 
 
In its prototypical form, the search engine produces a list of k compounds from the virtual 
collection (also referred to as a “state”) which is subsequently evaluated against a prescribed 
set of fitness criteria, C1, C2, …, CC, that encode specific design objectives such as the 
intrinsic diversity of the compounds or their similarity to a predefined set of leads. Each 
criterion returns a value that measures how well a particular set of compounds satisfies the 
underlying objective. The individual fitness values are then combined into a unifying 
objective function, f*=f(C1, C2, ..., CC), which provides the overall performance measure for 
that particular set. The function f* can assume any functional form. Its value is fed back to 
the search engine which modifies the state in a controlled manner to produce a new list of 
compounds, which is, in turn, evaluated against the selection criteria in the manner described 
above. This process is repeated until no further improvement is possible, or until some 
predetermined convergence criterion or time limit is met. 
 
The major advantage of this approach is that the search algorithm is completely independent 
of the performance measure, and can be applied on a wide variety of selection criteria and 
fitness functions. Unlike alternative algorithms such as maxmin, cluster analysis, binning, D- 
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optimal design, stepwise elimination, etc., which are tailored to a particular application, this 
approach is completely general, programmatically simple, and easily extensible. 
 
In the following, two different kinds of designs are considered. The first is called “singles” 
and refers to a subset of products that is not constrained by the number or types of reagents 
involved. The second type of design is called an “array” and represents the products derived 
by combining a given subset of reagents in all possible combinations as prescribed by the 
reaction scheme. These two types of designs are illustrated below. 

 

 
The combinatorial nature of the two problems is vastly different. For singles, the number of 
combinations that one has to consider (the number of different k-subsets of an n-set) is given 
by the binomial:  
 

 
 
In contrast, the number of different k1 x k2 x ... kR arrays derived from an n1 x n2 x ... nR R-
component combinatorial library is given by: 
 

 
 
For a l0 x 10 2-component combinatorial library, there are l0

25
 different subsets of 25 

compounds, and only 63,504 different 5x5 arrays. For a l00x100 library and a 100/10x10 
selection, those numbers increase to 10

241
 and 10

26
 for singles and arrays, respectively. 

Although arrays are generally inferior in terms of meeting the design objectives, they require 
fewer reagents and are much easier to synthesize. In fact, virtually all combinatorial libraries 
are synthesized in array format. It is clear that an exhaustive search for the optimal set is not 
possible, and that the ideal design must be identified using a greedy or stochastic approach. 
 
Six different criteria are supported in this version: molecular diversity, molecular similarity, 
term, property distribution (Kolmogorov-Smirnov), reagent count, and overlap. These are 
defined as follows. 
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Diversity Criterion 
The diversity of a set of compounds, C, is defined as the average scaled nearest neighbor 
distance: 
 

 
 
where N is the cardinality of C, dij is the Euclidean distance between the i-th and j-th 
compounds in some user-defined molecular descriptor space, and f is a user-defined function. 
Since the value of this criterion increases with spread, diverse libraries are obtained by 
maximizing D. This function is smoother than the more commonly used maximum minimum 
dissimilarity and can discriminate more effectively between the various ensembles, 
particularly when used in the context of a Monte-Carlo optimization procedure such as 
simulated annealing. Naively implemented, the above equation requires N(N-1)/2 distance 
computations and scales adversely with the number of compounds selected. To reduce the 
quadratic complexity of the problem, D is computed using a k-d tree algorithm. This 
algorithm achieves computational efficiency by first organizing all the points in C in a k-
dimensional tree, and then performing a nearest neighbor search for each point using a 
branch-and-bound approach. For a small number of dimensions, this algorithm exhibits N 
logN time complexity, and scales favorably with the number of compounds selected. 

 
Similarity Criterion 
The similarity of a given set of compounds, C, to a set of leads is defined as the average 
scaled distance to the nearest lead: 
 

 
 
where N is the cardinality of C, L is the number of leads, dij is the Euclidean distance between 
the i-th compound and the j-th lead in some user-defined molecular descriptor space, and f is 
a user-defined function. Since a higher similarity score indicates a collection of compounds 
that are more distant and therefore less similar to the leads, focused libraries are obtained by 
minimizing S.  

 
Term Criterion 
The term criterion for a set of compounds, C, is defined as the mean scaled value of a 
particular descriptor: 
 

 Eq. 3 
 
where vij is the value of the j-th descriptor of the i-th compound in C, and f is a user-defined 
function. The most common use of the term criterion is to perform selections based on QSAR 
predictions. 

 
Distribution (Kolmogorov-Smirnov) Criterion  
The Kolmogorov-Smirnov criterion measures how well an experimental distribution is 
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approximated by a particular distribution function. It is applicable to unbinned distributions 
that are functions of a single independent variable, and is defined as the maximum value of 
the absolute difference between two cumulative distribution functions: 
 

 
 
where P(x) is an estimator of the cumulative distribution function of the actual probability 
distribution from which it is drawn, and P*(x) is a known cumulative distribution function. 
For a set of N points xi, i=1, … , N, P(x) represents the fraction of data points to the left of a 
given value x. The method is illustrated below. 
 

 
Unlike the more commonly used χ2

 test, the Kolmogorov-Smirnov statistic does not require 
“binning” of the data, which is arbitrary and leads to loss of information. More importantly, 
the function is very fast to compute since it involves sorting the data in ascending order, 
followed by a linear scan to identify the maximum difference from the user-defined 
cumulative distribution function. 
 
The distribution (Kolmogorov-Smirnov) criterion as defined by the above equation is a 
measure of dissimilarity and takes values in the interval [0,1]. The Multi-Objective Selector 
uses the similarity between two probability distributions, K*, defined as: 
 
K*=1-K 
 
Thus, designs that obey a particular distribution function are obtained by maximizing K*. 

 
Reagent Criterion 
This criterion returns the number of reagents required to generate the products comprising the 
selection, if this is drawn from a combinatorial library. It has no effect on selections drawn 
from regular (i.e. non-combinatorial) collections. This criterion can be used to constrain the 
number of reagents used in the selection of singles or multiple arrays from a combinatorial 
library. 
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Overlap Criterion 
The overlap criterion returns the fraction of duplicates in the selection, and takes values in the 
interval [0, 1]. There are two components to this criterion. The first is the internal overlap, 
which represents the duplicates within the selection itself. Internal duplicates may result when 
the user requests multiple subsets from the same collection (e.g. two 10x10 arrays from 
within the same collection). The second component is the external overlap, which represents 
the number of compounds that the selection has in common with a predefined reference set. 

 
Opening the Multi-Objective Selector 

Choosing Multi-Objective from Selector under the TOOLS menu opens the Multi-
Objective Selector dialog box. From this dialog box, shown below with defaults, annealing 
options are entered under the Annealing tab, collection and library specifications are entered 
under the Collections tab, and selection criteria are specified under the Criteria tab.  
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Annealing Tab 
Annealing is the search algorithm used to identify the set of molecules that maximize the 
objective function. The values entered in this tab determine the length of the search and the 
quality of the final selection. The default values are recommended for users who are not 
experienced with these types of calculations. The annealing process starts from an initial 
random state (subset of molecules from the collection) and walks through the state space by 
generating a series of small stochastic steps. The objective function maps each state into a 
real value that measures its energy or fitness. The algorithm attempts to produce a state 
(selection) that has minimum energy (maximum fitness). While downhill transitions are 
always accepted, uphill transitions are accepted with a probability that is inversely 
proportional to the energy difference between the two states. This probability is computed 

using Metropolis’ acceptance criterion, , where K
TKE Bep /∆−=

B is a constant used for scaling 
purposes and T is an artificial temperature factor used to control the ability of the system to 
overcome energy barriers. To circumvent the difficulty of selecting an appropriate value for 
KB, an option is provided (-adaptive) that allows the program to adjust the value of KB 
based on an estimate of the mean transition energy. In particular, at the end of each transition, 
the mean transition energy is updated, and the value of KB is adjusted so that the acceptance 
probability for a mean uphill transition at the final temperature (Tmin) is some small value 
specified by the user (typically 1% or 0.1%). The temperature is reduced in a controlled 
manner according to a user-defined cooling schedule. For more details, refer to Annealing 
Options under the Select Utility in Reference Two, Command Utilities.  
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The Annealing tab fields and corresponding actions are described in the following table. 
 
Field Name Action 
Cycles Enter the number of temperature cycles. The default is 30.  
Steps Enter the number of sampling steps during each temperature cycle. The 

default is 1000. 
Tmax Specify the starting temperature. The default is 100. 
Tmin Specify the final temperature. The default is 1. 
Relay Specify the state to be used to initiate each temperature cycle: 

• Best – Use the best state discovered so far. 
• Last - Use the last state visited in the previous temperature cycle. 

Criterion Specify the acceptance criterion used to determine whether an uphill 
transition is accepted or rejected: 

• Metropolis – Use the Metropolis criterion describe above. 
• Felsenstein- Use the Felsenstein criterion. This criterion 

ensures that the transition probability never exceeds 0.5 
regardless of the energy difference between the two states. 

Constant If Adaptive is not used, specify the value of the constant KB. If Adaptive 
is used, specify the acceptance probability for a mean uphill transition at 
the final temperature. The user is strongly advised to use the Adaptive 
option. 

Adaptive Specify that K  should be determined in an adaptive manner (see above). 
The user is strongly advised to use this option. 

Threads Enter the number of threads to use for parallel processing. 
Log Enter a file in which to save log information: 

• Type in a file name, or 
• Click the button on the right of the field to select a file from a file 

selection dialog box. 
Schedule Specify the cooling schedule as a list of temperatures separated by 

commas (no spaces allowed). 
(Graph) Edit the cooling schedule. Click over an existing handle and drag it to 

alter the shape of the curve, or click elsewhere on the curve to introduce a 
new handle. Press CTRL and click over an existing handle to remove it.  

Import  Enter a file from which to import a previously defined cooling schedule: 
• Type in a file name, or 
• Click the button on the right of the field to select a file with a file 

selection dialog box (the default file extension is .hot). 
Export  Enter a file in which to save the current cooling schedule: 

• Type in a file name, or 
• Click the button on the right of the field to select a file with a file 

selection dialog box in which to save the cooling schedule (the 
default file extension is .hot) 

B
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Reset  Reset the cooling schedule to the default. 

 

Collections Tab 
Collection and library specifications are entered under the Collections tab. When the 
Collections tab is first opened, the Add button is highlighted.  
 

 
 
To select a collection or library: 
 
Step  Action 
1 Open the collections or libraries to be searched. 
2 Select Multi-Objective from Selector under the TOOLS menu to open the 

Multi-Objective Selector dialog box. 
4 Click on the Collections tab. The tab area will be blank except for the Add and 

Delete buttons. These buttons are used to edit the list of collections to be 
searched. 

5 Click the Add button. Note that the View Selector Cursor appears. 
6 Move the View Selector Cursor over the collection or library to be searched and 

click with the left mouse button. A collection sub-tab appears with the name of 
that collection or library on its tab (see below). 
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7 Repeat steps 5 and 6 to add as many collections or libraries as desired. 
 
 
The individual Collection tab fields and corresponding actions are described in the following 
tables. 

 
Field Name Action 
From Specify which subset of compounds to select from. Choose either All or 

Selected from the drop down menu. 
Singles Type in the number of compounds to select from this collection. These 

compounds will be selected as singles. 
R1, R2 etc If the collection is a combinatorial library, type in the number of reagents 

to select at each site in the respective R<n> fields. These compounds 
will be selected as an array. 

Add button This button adds another set of selection fields to allow for an additional 
set of compounds to be selected from this collection. These selections are 
made independently of each other and may lead to duplication. 
Duplication can be minimized by using the overlap criterion described 
below. 

Delete button Select a row in the selections table and click Delete to remove that 
selection. 
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Field Name Action 
Avoid  Designate a ZBI file or a list of molecules in a collection to avoid in the 

selection. Note that these compounds will be avoided only if the overlap 
criterion is employed in the objective function, and that even when that 
criterion is specified, some of these compounds may still be part of the 
selection. This is because overlap is a “soft” filter that carries a user-
defined weight in the selection. If the weight of this criterion in the 
objective function is large, the overlap will be kept to a minimum. If it is 
small, a significant number of duplicates may result, depending on the 
nature of the selection and the library from which it is made. 

• To designate a ZBI file, click on the button to the right of the 
Avoid field labeled ‘…’ and select a file with the file selection 
dialog box. 

• To designate a list of molecules from within a collection: 
• Open the collection and select the desired molecules. 
• Click the arrow button on the right of the Avoid text field. 

The View Selector Cursor appears. 
• Move the View Selector Cursor over the collection and click 

with the left mouse button. The selected molecules in that 
view will be avoided during the selection process. 

 
Output File Designate the output ZBI file where the selection will be stored. 

 
NOTE:  Once the collection or library is identified in the Collection tab, an output file must 
be specified before the Annealing or Criteria tabs can be opened for that collection or library. 

 

Criteria Tab 
Selection criteria are entered under the Criteria tab. When the Criteria tab is first opened, the 
Add button is highlighted.  
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To specify the selection criteria: 
 
Step  Action 
1 Select Multi-Objective from Selector under the TOOLS menu to open the 

Multi-Objective Selector dialog box. 
2 Click on the Criteria tab. The tab area will be blank except for the Add and 

Delete buttons and the Function field. These buttons are used to add or delete 
selection criteria. 

3 Click the Add button. Note that the dropdown menu appears. 
4 Select the desired criterion from the dropdown menu (see below). 
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5 Repeat steps 3 and 4 to add as many criteria as desired. Multiple instances of the 
same criteria are permitted. 

 
The individual Criteria tab fields and corresponding actions are described in the following 
tables. 
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Diversity Tab 
The options for the Diversity criterion are shown below. For additional information, see 
Diversity Options under Selector Utility in Reference Three, Command Utilities. 

 
 
Field Name Action 
Complement Specify a collection of molecules that the selection should complement. 

This field is optional. If specified, the selected compounds will not only 
be diverse with respect to each other, but also with respect to the selected 
compounds in this complement collection. The complement collection 
can be specified by: 

• Clicking on the button labeled ‘…’ to the right of Complement 
field and selecting a structure file with a file selection dialog box. 

• Selecting an open collection using the View Selector Cursor by: 
• Clicking the arrow button to the right of Complement 

field. The View Selector Cursor appears.  
• Moving the View Selector Cursor over the collection and 

clicking with the left mouse button. 
• Selecting All or Selected from the dropdown menu to 

specify which structures in the collection should be 
complemented. 
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Continued from previous page. 
Field Name Action 
Table:Cols 

 
Required. Enter the extension of the descriptor file and, if desired, the 
subset of columns to be used for assessing diversity, separated by a colon. 
In the example above, diversity will be evaluated based on columns 1-5 
and 70-72 in the kh1 descriptor file. Note that the descriptor columns are 
numbered from zero. 

Kernel Specify a function of the nearest neighbor distance, d, used to compute 
diversity (see Diversity Criterion above). For example, the kernel “–
abs(d-0.5)” will lead to a selection of compounds whose mean nearest 
neighbor distance is as close to 0.5 as possible. 

Tree Selected by default. If this box is checked, the program will use the k-d 
tree algorithm for nearest neighbor detection. This option is typically used 
if the number of dimensions is less than 10 and the number of molecules 
selected more than 50. The use of this option affects only the performance 
of the program, and not the results. 

 
 
Similarity Tab 
The options for the Similarity criterion are shown below. For additional information, see 
Similarity Options under Selector Utility in Reference Three, Command Utilities. 
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Field Name Action 
Leads Required. Specify a collection of molecules containing the leads. The 

leads can be specified by: 
• Clicking on the button labeled ‘…’ to the right of Leads field and 

selecting a structure file with a file selection dialog box. 
• Selecting an open collection using the View Selector Cursor by: 

• Clicking the arrow button to the right of Leads field. The 
View Selector Cursor appears.  

• Moving the View Selector Cursor over the collection and 
clicking with the left mouse button. 

• Selecting All or Selected from the dropdown menu to 
specify which structures in the collection should be used 
as leads. 

Table:Cols 
 

Required. Enter the extension of the descriptor file and, if desired, the 
subset of columns to be used for assessing similarity, separated by a 
colon. In the example above, similarity will be evaluated based on 
columns 1-5 in the kh1 descriptor file. Note the descriptor columns are 
numbered from zero. 

Kernel Specify a function of the nearest neighbor distance, d, used to compute 
similarity (see Similarity Criterion above). For example, the kernel “–
abs(d-0.5)” will lead to a selection of compounds whose mean distance to 
the nearest lead is as close to 0.5 as possible. 

Method  Specify the method used to compute similarity: 
• Nearest – Determine similarity based on the distance of each 

compound to its nearest lead. This is the default. 
• Average – Determine similarity based on the average distance 

of each compound from all the leads. 
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Term Tab 
The options for the Term criterion are shown below. For additional information, see -term 
option under Selector Utility in Reference Three, Command Utilities. 
 

 
 
Field Name Action 
Table:Col  Required. Enter the extension of the descriptor file and a column number 

separated by a colon. Note that descriptor columns are numbered from 
zero. 

Kernel Required. Enter the kernel as a function of x, e.g. “1/(1+abs(2-x))”. 
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Distribution Tab 
The options for the Distribution criterion are shown below. For additional information, see -
kolmogorov option under Selector Utility in Reference Three, Command Utilities. 
 

 
 
Field Name Action 
Table:Col  Required. Enter the extension of the descriptor file and a column number 

separated by a colon. Note that descriptor columns are numbered from 
zero. 

µ Required. Enter a value for the mean of the Gaussian distribution. The 
default is zero. This value can also be set using the mouse. Place the 
cursor over the graph. 

• Hold the <CTRL> key and left mouse button and drag to the left to 
increase the mean. 

• Hold the <CTRL> key and left mouse button and drag to the right to 
decrease the mean. 

s Required. Enter a value for sigma. The default is one. This value can also 
be set using the mouse. Place the cursor over the graph. 

• Hold the left mouse button and drag to the left to increase the sigma. 
• Hold the left mouse button and drag to the right to decrease the sigma. 
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Reagents Tab 
This criterion does not have any options. For additional information, see -reagents option 
under Selector Utility in Reference Three, Command Utilities. 
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Overlap Tab 
This criterion does not have any options. For additional information, see -overlap option 
under Selector Utility in Reference Three, Command Utilities. 

 
 
 
Function Field 
The function field is where the objective function is defined. The program attempts to select 
compounds that maximize this function. Within this function, the variable “ci” is used to 
refer to the i-th criterion defined by the user (i.e. the i-th tab in the criteria tab group, starting 
at zero). The criteria are named automatically by the system. Their names consist of the 
prefix ‘c’ followed by their sequence number in the tab group, which corresponds to the order 
in which they were defined. 
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Using the Multi-Objective Selector 
To use the Multi-Objective Selector: 
 
Step  Action 
1 Open the collections to be searched. 
2 Select Multi-Objective from Selector under the TOOLS menu to open the 

Multi-Objective Selector dialog box. 
3 Enter the desired annealing options under the Annealing tab. 
4 Click on the Collections tab. 
5 Enter the desired collections/selections under the Collections tab. 
6 Click on the Criteria tab. 
7 Enter the desired criteria under the Criteria tab. 
8 Enter the objective function in the Function field under the Criteria tab. 
9 Click OK. 

 
See Tutorial Eight for a specific application of the Multi-Objective Selection tool. 
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Combinatorial Selector   
The Combinatorial Selector is designed specifically to select compounds from very large 
combinatorial libraries based on similarity and diversity. The basic process is outlined in the 
diagram below. 
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The Combinatorial Selector begins by selecting a random set of compounds from the 
combinatorial library and, optionally, a set of leads to be used for similarity selection. It then 
calculates molecular descriptors for the selected compounds, and post-processes these 
descriptors by applying a set of user-defined transforms (such as normalization, principal 
component rotation, etc.). Depending on the method chosen, the most diverse or most similar 
subset of compounds from the random sample is identified, and the reagents required by these 
compounds are identified. These reagents are then combined in all possible combinations to 
produce a focused array, descriptors for all the compounds in that array are computed, and the 
most similar/diverse subset is identified. By calculating descriptors and applying transforms 
on a per-need basis, the Combinatorial Selector avoids the excessive computation required by 
the conventional selection tools described above. 

 
Choosing Combinatorial from Selector under the TOOLS menu opens the 
Combinatorial Selector dialog box. From this dialog box, shown below with defaults, 
selection options are specified under the Options tab, and descriptor and transform options 
are specified under the Descriptors tab.  
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Options tab 
The Options tab fields and corresponding actions are described in the following table. 
 
Field Name Action 
Methods Choose the selection criterion. 

• Similarity – Select structures based on similarity to a prescribed 
set of leads. This is the default. 

• Diversity - Select structures based on diversity. 
Leads Click the arrow button to the right of the Leads box and then click a 

portion of a visible window in the Browser to select the collection 
containing the leads. 

 Specify what subset of the collection selected by the arrow button to use 
as leads: 

• All - Use the entire collection. This should be used with relatively 
small collections, typically less than ten. A warning will appear if 
the number is greater than 100. 

• Selected - Use only the selected structures in the collection. 
This is the default. 

Number Enter the number of structures to select in a single lead selection, or 
R1, R2, etc. Enter the number of each reagent to define the reagent array. 
Sample Specify the number of molecules to randomly select, evaluate for 

similarity or diversity, and rank from most similar to least similar for each 
single lead selection, or most diverse to least diverse from each other. The 
default is 100 but this should be set according to the size of the library. 
One to five percent is suggested with smaller percentages used for larger 
libraries 
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Continued from previous page. 
Top Select the top number of highest-ranking sample structures. The reagents 

used to form these structures determine the focused array. A large enough 
value must be selected to produce a focused array containing more 
molecules that the specified number to select. On the other hand the 
larger the number the greater the computational time. It is suggested the 
value not exceed one percent of the library size. 

Focused array Select maximum size of focused array used for the final selection to 
reduce computation time. Should usually be left empty. If a value is 
entered the program will generate a focused array with a number closest 
to that selected. For example, if 55 is entered a 7 by 8 array would 
produce 56 molecules. 

ZBI File Enter the output ZBI file: 
• Type in a file name or 
• Click the button on the right of the field to select a file from the OPEN 

Dialog box. 
Threads Enter the number of threads to use for parallel processing. 
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Descriptors Tab 
Clicking on the Descriptors tab move the descriptors and transform specification fields into 
view, see below. This tab will not open until entries are made in the Leads (if similarity is 
selected), Number and ZBI fields of the Options tab. The first three fields are used to 
designate which descriptors the user wants to calculate. The last three are used to select 
previously created transforms. They are the normalization, principal component analysis, and 
non-linear mapping transforms created in the corresponding dialog boxes of the Description 
Generator, see Chapter Four, Using the Description Generator. The files are selected by 
clicking on the button to the right of the field and choosing the appropriate file from the 
OPEN dialog box. 
 

 
 

The Descriptors tab fields and corresponding actions are described in the following table. 
 
Field Name Action 
KH Click to calculate Kier-Hall descriptors 
GC Click to calculate Ghose-Crippen descriptors 
Lipinski Click to calculate Lipinski descriptors 
ISIS Keys Click to calculate ISIS substructure keys 
Norm Select a normalization transform 
PCA Select a principal component transform 
NLM Select a non-linear mapping transform 
Display Log Check to display a text description of the results when the calculation is 

complete. 
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Using the Combinatorial Selector 
To use the Combinatorial Selector tool follow the following procedure: 
 
Step  Action 
1 Open the collection to be searched or if it is already open click on a portion of its 

window to make it the active window. 
2 Select Combinatorial from Selector under the TOOLS menu to open the 

Combinatorial Selector dialog box. 
3 Enter the desired options for the search under the Options tabs. 
4 Click on the Descriptors tab. 
5 Enter the desired specifications for the descriptors under the Descriptors tab. 
6 Click OK. 
7 Select the desired merge option if the MERGE dialog box appears.  
8 Click OK. 

 
For example, if we want to select 100 molecules from a library 200,000 that is most similar to 
a lead molecule from a collection then we would: 
 
1 Open the library to be searched or if it is already open click on a portion of its 

window to make it the active window. 
2 Select Combinatorial from Selector under the TOOLS menu to open the 

Combinatorial Selector dialog box. 
3 Leave the default method, which is similarity. 
4 Open the collection containing the lead molecule. 
5 Select the lead molecule in the collection. 
6 Click the arrow button to the right of the Leads field and then click a portion of 

the lead collection window in the Brower to select the lead collection. 
7 Verify Selected is chosen in the Leads drop down menu. 
8 Type 100 in the number field. 
9 Type a number from 1 to 5 % of the 200,000-structure library in the Sample field 

(2000 to 10,000). For example 5000. 
10 Type a number greater than 10 because you need at least a 10 by 10 array to 

create at least 100 structures in order to select the 100 molecules specified. But 
don’t select more than 1% of the 200,000-structure library (2000). For example 
50. 

11 Leave the Focused Array field empty. 
12 Type in a file name for the output file.  
13 Leave Threads at one. 
14 Click on the Descriptors tab. 
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Continued from the previous page. 
 
15 Click on the desired descriptors to calculate, or example KH and GC. 
16 Select a normalization transform, for example, nrm.trf. 
17 Select a principal component transform, for example, pca.trf. 
18 Select a non-linear mapping transform, for example, nlm.trf. 
19 Click OK. 
20 Select the Replace merge option if the MERGE dialog box appears.  
21 Click OK. 

 
The 100 molecules most similar to the lead should be selected in the library. 
 
See Tutorial Nine for a specific application of the Combinatorial Selection tool. 
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Chapter Eight 
 

Using Combinatorial Neural 
Networks 
 

Overview 
 
This chapter will familiarize the user with the DirectedDiversity Combinatorial Neural 
Networks (CNNs). This tool trains combinatorial neural networks to predict properties of 
combinatorial compounds from the computed properties (descriptors) of the respective 
reagents or building blocks. The CNN tool takes advantage of the DirectedDiversity 
combinatorial library generation tool (see Chapter 3) and the DirectedDiversity descriptor 
computation tool (see Chapter 4).  
 
Specifically, this chapter includes the following sections: 

• Introduction to CNNs 

• Setting up CNN Training  

• Computing Descriptors for Reagents  

• Configuring CNN Options 

• Training CNN 

• Using trained CNNs 

The following table identifies the appropriate section to read in order to learn how to perform 
a specific task. 

 
To learn more about …  Read the section…. See page 
Descriptor Generator calculations Introduction to CNNs 188 
Selecting desired descriptor types Setting up CNN Training 191 
Computing descriptors Computing Descriptors for 

Reagents 
192 

Selecting CNN options Configuring CNN Options 194 
Training CNN Training CNN 197 
Using trained CNNs Using trained CNNs 199 
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Introduction to CNNs 
 
The purpose of Combinatorial Neural Networks is to address typical throughput bottlenecks 
associated with a virtual screening of combinatorial compounds. The objective is achieved by 
circumventing some of the computationally intensive steps involved into a virtual screening 
of combinatorial compounds, namely, compound enumeration, descriptor computation and 
dimensionality reduction (see figure below).  

 
The main idea of CNNs is to train a neural network to predict properties of combinatorial 
products (which otherwise are expensive to compute given potentially enormous sizes of 
virtual combinatorial libraries, e.g. libraries of 1012 compounds are quite feasible) from the 
properties/descriptors of the respective building blocks or reagents. 
 

 
 
Combinatorial neural network is a fully connected neural network with one input layer, one 
hidden layer and one output layer. For a N-component combinatorial library there will be 
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N×K neurons allocated on the input layer (K neurons per each component), where K is a 
number of input properties/descriptors computed for each reagent molecule. Output layer 
contains one or several neurons associated with combinatorial product properties of interest. 
Typically there is only one output neuron per CNN and there are as many CNNs trained as 
there are properties of interest. For example, to predict four Lipinski’s rule-of-five properties 
for combinatorial products, there will be four CNNs trained to predict each of the properties 
independently. 
 
There are two variations of CNNs that could be produced: single feature input (SFI) CNN and 
multiple feature input (MFI) CNN. MFI CNN type is the default variation. In this case all 
input features are used to train each CNN. SFI CNN are useful for computing descriptors of 
the combinatorial products from the same descriptors of the reagents. In the latter case there 
will be one CNN trained for each descriptor and the input for the CNN will be values of that 
descriptor for all N components. When training SFI CNN additional reagent descriptors could 
be added to the input to improve quality of the predictions.  
 
To train CNN a subset of combinatorial products must be identified and saved as a ZBI file. 
In addition, a matrix file with the properties of interest should be computed or otherwise 
obtained for the chosen subset.  
 
If properties of interest are DirectedDiversity descriptors or non-linear map coordinates, the 
easiest way to prepare ZBI and matrix files for CNN training is as follows. First, use any of 
the selector tools (see Chapter 7) to make a selection from the combinatorial library 
collection. Once selection is completed and highlighted in the structure view, use 
Export…/ZBI option from the SELECT menu to save selection as a ZBI file. Next, create 
a new collection (either SMILES or SDF) and copy selected combinatorial products into the 
new collection, save collection into a file. Finally, use Descriptor Generator tool to compute 
descriptors and, optionally, generate a non-linear map for this new collection (see Chapter 4 
for details). Now you should have both a ZBI file and a matrix file to train CNN. 
 
NOTE: Each trained CNN is library specific and cannot be applied to any other combinatorial 
libraries besides the one used for training. 
 
To train CNN open a library collection using the FILE|Open menu and select the CNN 

tool from the TOOLS menu or click on the CNN button on the toolbar . 
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The CNN tool will only operate on CLB (combinatorial library) files. The CNN option 
appears under the TOOLS menu only when a library collection is open and selected as active 
(window’s title bar is not grayed). The CNN tool always performs calculations on the 
currently active collection.  
 
When the CNN tool is activated, a series of dialog boxes appear which allow the user to 
specify the options for CNN training. They are the DESCRIPTORS & PROPRETIES, 
NORMALIZATION, PRINCIPAL COMPONENT ANALYSIS, and COMBINATOTIAL 
NEURAL NETWORK dialog boxes.  These correspond to the different steps and options 
required to train combinatorial neural networks. 
 
IMPORTANT: if a collection file is opened using the UNC (Universal Naming Convention) 
path such as, for example, \\rome\smith\amines.sdf, the CNN tool will not be able 
to process that file. 
 
NOTE: the CNN tool writes all output and log files in the same directory where the collection 
or library file resides. Therefore, the user should have a permission to write in that directory 
in order for the CNN tool to work. 
 
A detailed description of the concept of combinatorial neural networks and examples of their 
application can be found in the following papers: 
 
1. V. S. Lobanov, D. K. Agrafiotis, “Combinatorial networks”, J. Mol. Graphics Modell., 2001, 

19(6), 571-578. 
2. D. K. Agrafiotis, V. S. Lobanov, "Multidimensional scaling of combinatorial libraries 

without explicit enumeration", J. Comput. Chem., 2001, 22(14), 1712-1722. 
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Setting up CNN Training 
 
There are several dialog boxes (property pages) that allow user to set up CNN training. These 
dialog box are arranged into a sequential wizard. First dialog box that appears when CNN 
tool is invoked is the DESCRIPTORS AND PROPERTIES dialog box.   
 

 
 
This dialog box allows the user to select the types of descriptors to be calculated and specify 
training subset of the combinatorial products and the corresponding property file. The 
locations of both a ZBI file representing the training subset and a matrix file containing 
properties of interest are required fields. Also, at least one type of descriptors must be 
selected (computation of descriptors is explained below). Optionally user might toggle 
whether to display log file at the end of the computations or not.  
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Computing Descriptors for Reagents 
 
CNN tool will compute descriptors (according to the user selection) to use as inputs for 
training combinatorial neural networks. Choices of descriptor types are identical to the 
Descriptor Generator tool (see Chapter 4) except for the Other option, which is not available. 
  

 
 
The main difference with the Descriptor Generator tool is that selected descriptors will be 
computed not for the combinatorial products but for the reagents used to generate these 
products. The structures of the reagent molecules will be extracted from the CLB file in order 
to perform the computations.    
 
The first four checkboxes select the molecular descriptors to calculate. These are: 
• KH - 117 Kier-Hall descriptors (see documentation for the kh1 utility for information 

about the Kier-Hall descriptors); 
• GC - 142 Ghose-Crippen descriptors; 
• Lipinski - 4 Lipinski descriptors (see documentation for the gc1 utility for information 

about the Ghose-Crippen and Lipinski descriptors); 
• ISIS Keys – 166 public ISIS keys computed as counts of occurrence of the respective 

substructure patterns (see documentation for the molkeys utility for information about 
the ISIS keys).  

 
If more than one descriptor type is selected, the descriptor matrices resulting from each 
descriptor calculation will be merged columnwise in the order they appear in the dialog from 
left to right and from top to bottom into a single matrix in the output file. For example, if the 
KH and GC are checked, the first 117 columns in the descriptor matrix will contain descriptor 
values for Kier-Hall descriptors and the following 142 columns will contain the Ghose-
Crippen descriptor values. 
 

Copyright © 1999-2003 3-Dimensional Pharmaceuticals, Inc. 192 



Using Combinatorial Neural Networks DirectedDiversity Release 3.5 

The rest of the options in the DESCRIPTORS AND PROPERTIES dialog are: 
• Output Ext. - If only one of the descriptor fields is selected, the Output Ext. field will 

be disabled. The output file extensions will be kh1, gc1, lip1 and ik1 for Kier-Hall, 
Ghose-Crippen, Lipinski and ISIS keys descriptors, respectively. If more than one 
descriptor field is selected, the Output Ext. field will be enabled and user must provide 
file extension for the merged descriptor matrix. This file extension can be arbitrary, as 
long as it does not contain a period. The output file will contain a combination of the 
selected descriptor types, concatenated in the order they appear in the dialog.  

• Threads - Enter the number of CPUs the computer has available for the computations by 
typing in the value or using the arrow buttons.  This option applies to all calculations that 
can benefit from using more than one processor at a time. 

 
Computed descriptors can be normalized and decorrelated in the same way as done by the 
Descriptor Generator tool. Please refer to Chapter 4 for a detailed description of the next two 
dialog boxes: NORMALIZATION and PRINCIPAL COMPONENT ANALYSIS. Note that both 
normalization and decorrelation will be applied to the reagent descriptors not the product 
ones. Unlike the Descriptor Generator, normalization of the input descriptors is required. 
 
NOTE: The CNN tool always overrides existing descriptor files if any. The output file 
names are generated in the same manner as in the Descriptor Generator tool, except that the 
reagent descriptor file extensions are prepended with the letter ‘r’ for reagents. For example, 
the extension for the Kier-Hall descriptor file for the reagents of the combinatorial library 
stored in file amination.clb will be named amination.rkh1 and if the normalization 
transform extension is .n, the output file name for the normalized descriptors of the reagents 
will be amination.n. 
 
Once all appropriate fields in the dialog are completed: 
• Click Next to proceed to the NORMALIZATION dialog box or   
• Click Cancel to abandon the Descriptor Generator calculations setup. 
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Configuring CNN Options  
 
The COMBINATORIAL NEURAL NETWORK dialog box allows the user to configure 
options specific to CNNs.   
 

 
 
Minimally, the user has to provide the name of the transform file and the output extension. To 
specify the transform file, enter a file name with or without the trf extension (no other 
extension is allowed; if not entered, .trf will be added automatically), or click on the 
ellipses button to select and existing file. The transform file will be created in the same 
directory as the source CLB file. 
 
Output extension is linked to the transform file name and is populated automatically when 
transform file’s name is entered. To override the default name, enter a new extension in the 
corresponding entry box. The output extension also defines the name of the generated CNN 
script.  
 
When the CNN is run, it creates a Perl script that performs the calculations by running 
appropriate DirectedDiversity command-line utilities with proper arguments. The name of 
the script is determined by the text specified in the output extension field. For example, if the 
output extension is c3d, the name of the script will be c3d.pl. This script contains 
information on the sequence of actions and the options employed by the CNN tool as well as 
the name and location of the source combinatorial library and the generated transformation. 
The generated script can be used later to employ trained CNN in the predictive mode. 
 
Test subset field allows user to specify a number or a percent of structures from the training 
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set that will be used to test trained CNNs. Test structures will be randomly selected from the 
training set.  
 
SFI Limit specifies the maximum number of input features that can be used to train each 
CNN in the SFI mode. Other features will be added to the input one by one until the R2 cutoff 
value is satisfied or the limit has been reached. R2 is determined as the correlation coefficient 
between the property of interest and the output values from the trained CNN. Among all input 
features, only those features that are not collinear (collinearity coefficient is below the 
specified value) to the main feature will be considered for an addition. If SFI Limit box is 
empty, MFI CNNs will be produced. 
 
Once all appropriate fields in the dialog are completed: 
• Click Next to configure network options.   
• Click Cancel to abandon the computations.   
• Click Back to return to the previous dialog box. 

 
The last dialog provides options to specify neural network configuration as well as options of 
the back-propagation learning algorithm used to train CNN. 
 

 
 
The No. Networks field is disabled and has not effect. 
 
The Hidden Units field specifies the number of neurons in the second or hidden layer and 
their type. The value in this field has a significant proportional impact on computation time. 
Default hidden neuron type is Logistic. 
  
The Epochs field specifies the number of times the total number of training samples is 
presented to the neural network. Each time a training sample is presented to the network, it 
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initializes values of the input nodes and then propagates through the network in a feed-
forward fashion. At the output node the output value is compared to the desired output value 
and the error is propagated back through the network resulting in update of the synaptic 
weights according to the current learning rate and momentum. The computation time is 
directly proportional to the value in this field, and the default of 100 is suitable in most cases. 
 
The Momentum field specifies portion of the previous learning step that will be combined 
with the current learning step to adjust synaptic weights. Momentum can be either fixed 
throughout the entire training process or can change linearly between two end values from the 
first epoch to the last epoch. If only the first (left) value is specified, momentum will be fixed 
throughout the entire training process. If both values are specified, momentum will change 
linearly from the left value to the right value. Default value of 0.8 fixed for the entire training 
is suitable in most cases. 
 
The Learning Rate field specifies scaling coefficient that will be applied to the computed 
weight change required to account for the portion of the back-propagated error signal 
associated with a given synaptic connection. Learning rate can be either fixed throughout the 
entire training process or can change linearly between two end values from the first epoch to 
the last epoch. If only the first (left) value is specified, learning rate will be fixed throughout 
the entire training process. If both values are specified, learning rate will change linearly from 
the left value to the right value. By default learning rate is linearly decreasing from 1.0 to 
0.001 throughout the course of the training. This default behavior is suitable in most cases. 
 
The Defaults button resets all fields to their default values. 
 
For more information about the neural networks and the back-propagation training please 
refer to the literature, e.g. see book “Neural Networks” by Simon Haykin Macmillan Publishing 
Company. 1994. 
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Training CNNs 
 
When Finish is clicked from the last CNN dialog box, the CNN tool will attempt to create 
and run a Perl script that will perform the calculation. If a Perl script with the same name 
already exists, a pop-up dialog box appears asking the user whether the old script should be 
overwritten.  Select Yes to overwrite the former script and start the calculations, or No to 
return to the CNN dialog boxes to change the script name (see Configuring CNN Options 
above).   
 
The CNN tool starts the calculations as a batch job in the background.  The calculations 
can be monitored from the Process Manager.  To view the Process Manager window, 
select Process Manager from the TOOLS menu.  
 

 
 
From the Process Manager window the user can: 
• See if the job is running.  If the job is processing, there is a line in the Process Manager 

window, otherwise no line is present. 
• Read the process identification (PID) number. 
• Read the process description. 
• Suspend the process by clicking the Suspend button. 
• Resume the process by clicking the Resume button. 
• Kill the process by clicking the Kill button (this can leave temporary files and incomplete 

output files on your hard drive). 
 

When the calculations are complete, the line in the Process Manager window disappears.  If 
the Process Manager window is not open at the time of completion, then a pop-up message 
window appears to indicate that the process completed successfully. 
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If option to display log file was checked, generated log file will be opened automatically in 
the Notepad. The log file provides summary of the run and can be opened by any other text 
editor as well. The name of the log file is the name of the source CLB file plus the name of 
the produced CNN script plus the extension “.log” added at the end. For example, if you 
trained CNN to predict 3d coordinates for a combinatorial collection amination.clb and 
specified output extension as cnn3d, then the generated Perl script is cnn3d.pl, and the log 
file is amination.cnn3d.log.  The log file and the generated Perl script can be found in 
the same directory as the collection file. 

 
If the process does not complete successfully, an error dialog box appears similar to the one 
shown below.  
 

 
 

This message lists the process identification number, the error code, the Perl script name and 
filename of the collection it is operating on. In this case, the log file will end with the last 
executed instruction that most likely caused the error. 
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Using Trained CNNs 
 
Trained CNNs can be used to predict properties of interest for the entire combinatorial library 
and to produce 2D/3D plots for the combinatorial library without computing coordinates for 
all library members. 
 
To compute property of interest for the entire library use Descriptor Generator tool and the 
CNN script created during the CNN training. 
 

 
 
Here is a sequence of steps to execute in order to compute properties of interest (e.g. Lipinski 
rule of five properties) for the entire combinatorial library: 
1. Make combinatorial library an active view (click on the title bar). Remember that CNNs 

are only applicable to the same library they are generated from. 
2. Invoke Descriptor Generator by selecting Descriptor from the TOOLS menu or by 

clicking button on the toolbar. 
3. Check Other box and choose the appropriate CNN script (e.g. cnnlip1.pl). Make 

sure that all other descriptor types are unchecked. 
4. Go through the rest of the dialog boxes and change “Import Transform” or “Create 

Transform” to “None” on all of them. 
5. Click Finish to start calculations. 
 
After calculation is finished, a matrix file <collection>.<script name> is generated in the 
collection directory (e.g. amination.cnnlip1). The file contains predicted values of the 
properties of interest.  
 
To generate a 2D/3D map based on the CNN script create a new map and select “Script” as 
the desired method of map generation and choose the appropriate CNN script file. Also set 
format to “ZBI”, see an example below. 
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Click OK to open new map window. Now any selection made from the source combinatorial 
library can be displayed on this map. Map coordinates will be computed using selected CNN 
transform and script at the moment when the selection will be transferred to the map. There 
might be a slight delay in visualizing the selection, as computations will have to occur. 
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Chapter Nine 
Using QSAR Tools 
 

Overview 
 
This chapter will familiarize the user with the DirectedDiversity QSAR Tools.  These tools 
build predictive quantitative structure-activity relationship models on the basis of known 
compound activity or other measured property.  The QSAR Tools include Multi-Linear 
Regression, Artificial Neural Network and k-Nearest Neighbor tools.   
 
As part of the process, it also performs calculation, normalization, and principal component 
analysis of descriptors. For details about how these calculations are done refer to Chapter 4 – 
Using the Descriptor Generator and the command-line utilities documentation. 
 
Specifically, this chapter includes the following sections: 

• Selecting a QSAR Method 

• Setting up Descriptor Generator  

• Configuring QSAR Training Options  

• Training QSAR Models 

• Visualizing the Training Results  

• Using Trained QSAR Models 

 

To learn more about …  Read the section…. See page 
Selecting a QSAR method Selecting a QSAR method 202 
Setting Up Descriptor Generator Setting Up Descriptor Generator 205 
Multi-Linear Regression Options Configuring QSAR Training Options 205 
Neural Network Options   206 
k-NN Options  208 
Simulated Annealing Options  209 
Training QSAR Models Training QSAR Models 210 
Training Results Visualization  Visualizing the Training Results 211 
Using Trained QSAR Models Using Trained QSAR Models 213 
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Selecting a QSAR Method 
 
When QSAR is selected from the Tools menu the QSAR dialog box appears.   
 

 
 
 
This dialog box allows the user to select the type of QSAR model to be built and specify 
other options if needed. Each field and the action necessary to select its option are shown in 
the table below.   
 
The radio buttons in the dialog select the type of the model to build. These are: 
• Multilinear regression – Uses the Generic Function Approximation method to build a 

multilinear regression model. See the gfa and ggfa utility manuals in the command-
line utilities documentation for information about generic function approximation 
methods. 

• Neural networks - Uses a feature selection algorithm that relies on back-propagation 
artificial neural networks to build predictive models based on a subset of features and 
simulated annealing or a greedy search algorithm to optimize the selected subset. (see the 
abpnn and sbpnn utility manuals in the command-line utilities documentation for 
information about these methods. 

• k-NN Regression - Uses a k-nearest neighbor regression algorithm. See the knn utility 
manual in command-line utilities documentation for information about this method. 

 
 
 
 
 
The Property Tag drop-box should be used to select the name of the tag containing the 
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numerical value of the output variable, e.g., the tag ACTIVITY in the figure below represents 
the activity of the compounds in the training set collection.  
 
 

 
 
The Output Ext. defines the name of the Perl script generated by the Browser to use for 
property prediction and the extension of the output files produced by this script once the 
model is built. For example, if the extension act is specified, the script named act.pl will 
be generated. When this script is used to compute the predicted property values for a 
collection named amines.smi, the resulting output file will be named amines.act. The 
script first extracts the tags from the structure collection into a binary matrix file with one 
column that is named after the collection with the extension that is the tag name. For 
example, if the tag name is ACTIVITY, the script will extract the tags into file 
amines.ACTIVITY. Therefore, it may be beneficial to choose an output extension that is 
different from the tag name. Note, that the MS Windows operating system uses case-
insensitive file names. 
 
The Greedy feature selection checkbox indicates that a greedy optimization technique 
should be used to perform feature selection. This option is only available for the Multilinear 
regression and Neural network models.  
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Once all appropriate fields in the dialog are completed: 
• Click Next to proceed to the DESCRIPTORS dialog box or   
• Click Cancel to abandon the QSAR model generation setup. 
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Setting Up the Descriptor Generator 
 
The setup of the DESCRIPTORS, NORMALIZATION and PRINCIPAL COMPONENT 
ANALYSIS is described in detail in Chapter 4 – Using the Descriptor Generator. Please refer 
to that chapter for further information.  
 
Once all appropriate fields in the DESCRIPTORS, NORMALIZATION and PRINCIPAL 
COMPONENT ANALYSIS dialogs are completed: 
• Click Next to proceed to the TRAINING dialog box or   
• Click Cancel to abandon the QSAR model generation setup. 
 

Configuring QSAR Training Options 
 
After the user clicks Next on the PRINCIPAL COMPONENT ANALYSIS dialog, the 
TRAINING dialog box opens. 

Configuring Multi-Linear Regression Options 
 
If the Multilinear regression option was selected on the QSAR dialog, the TRAINING dialog 
box opens with the Multilinear Regression options displayed. 
 

 
 
The Terms field specifies the maximum number of functional terms in the model. This is 
typically the number of terms in the final model because models with larger number of terms 
typically have higher R2. 
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The Basis set field specifies the basis functions φ(X) in the form of a list of comma 
separated expressions defining basis functions. For example, to use orthogonal Chebyshev 
polynomials as the basis functions specify x,x^2-1/2,x^3-3*x/4. Default basis 
function is just x or unmodified input features.  
 

• Click Cancel to abandon the QSAR model generation setup. 

Configuring Neural Network Options 

 

The Defaults button resets all fields to their default values. 
 
Once all appropriate fields in the TRAINING dialog are completed: 
• Click Next to proceed to the ANNEALING dialog box, if the Greedy feature selection 

option was not checked on the QSAR dialog box or   
• Click Finish to run the QSAR model generation calculation, if the Greedy feature 

selection option was checked on the QSAR dialog box or   

 
 

 
If the Neural Networks option was selected on the QSAR dialog, the TRAINING dialog box 
opens with the Neural Network options displayed. 

 
 
The Terms field specifies the number of features (descriptors) to be selected by the 
algorithm. 
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The Hidden Units field specifies the number of neurons in the second or hidden layer and 
their type. The value in this field has a significant proportional impact on computation time. 
Default hidden neuron type is Logistic. 
  
The Epochs field specifies the number of times the total number of training samples is 
presented to the neural network. Each time a training sample is presented to the network, it 
initializes values of the input nodes and then propagates through the network in a feed-
forward fashion. At the output node the output value is compared to the desired output value 
and the error is propagated back through the network resulting in update of the synaptic 
weights according to the current learning rate and momentum. The computation time is 
directly proportional to the value in this field, and the default of 100 is suitable in most cases. 
 
The Momentum field specifies portion of the previous learning step that will be combined 
with the current learning step to adjust synaptic weights. Momentum can be either fixed 
throughout the entire training process or can change linearly between two end values from the 
first epoch to the last epoch. If only the first (left) value is specified, momentum will be fixed 
throughout the entire training process. If both values are specified, momentum will change 
linearly from the left value to the right value. Default value of 0.8 fixed for the entire training 
is suitable in most cases. 
 
The Learning Rate field specifies scaling coefficient that will be applied to the computed 
weight change required to account for the portion of the back-propagated error signal 
associated with a given synaptic connection. Learning rate can be either fixed throughout the 
entire training process or can change linearly between two end values from the first epoch to 
the last epoch. If only the first (left) value is specified, learning rate will be fixed throughout 
the entire training process. If both values are specified, learning rate will change linearly from 
the left value to the right value. By default learning rate is linearly decreasing from 1.0 to 
0.001 throughout the course of the training. This default behavior is suitable in most cases. 
 
The Defaults button resets all fields to their default values. 
 
For more information about the neural networks and the back-propagation training please 
refer to the literature, e.g. see book “Neural Networks” by Simon Haykin Macmillan Publishing 
Company. 1994. 
 
Once all appropriate fields in the TRAINING dialog are completed: 
• Click Next to proceed to the ANNEALING dialog box, if the Greedy feature selection 

option was not checked on the QSAR dialog box or   

 

• Click Finish to run the QSAR model generation calculation, if the Greedy feature 
selection option was checked on the QSAR dialog box or   

• Click Cancel to abandon the QSAR model generation setup. 
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Configuring k-NN Options 
 
If the k-NN regression option was selected on the QSAR dialog, the TRAINING dialog box 
opens with the K-NN Regression options displayed. 
 

 
 
The Terms field specifies the maximum number of features to use for regression. Up to max 
features with weights above the threshold value are used for regression. 
 
The Neighbors field specifies the number of neighbors to use for prediction. 

 

 
The Kernel field is used to indicate the kernel function to use for kernel regression. The 
expression should use at most one variable ('x'). The default kernel function used if the field 
is left empty is 1/(1+x). 

The Loss field specifies the loss function to use for kernel regression. The expression should 
use at most one variable ('y'). The loss function is used to weigh known response values if 
necessary. The default loss functions weighs all response values equally and is '1'. 
 
The Threshold field specifies the minimum weight value threshold for inclusion in the 
subset of selected features. When more than Terms features have weights above the 
threshold, only Terms features with the largest weight values are selected. The default is 0.1. 
 
The Defaults button resets all fields to their default values. 
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Once all appropriate fields in the TRAINING dialog are completed: 
• Click Next to proceed to the ANNEALING dialog box or  
• Click Cancel to abandon the QSAR model generation setup. 

 
 

Configuring Simulated Annealing Options 
 
If the Greedy feature selection option was not checked on the QSAR dialog, the 
ANNEALING dialog box opens. 
 

 
 
The simulated annealing options are described in detail in the Annealing Tab subsection of 
Chapter 7 – Using the Selector Tools. Please refer to that section for further information. In 
most cases, the defaults settings work well. 
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Training QSAR Models 
 
When Finish is clicked from a QSAR model generation setup dialog box, the QSAR model 
generator will attempt to create and run a Perl script that will perform the calculation. If a 
Perl script with the same name already exists, a pop-up dialog box appears asking the user 
whether the old script should be overwritten.  Select Yes to overwrite the former script and 
start the calculations, or No to return to the QSAR setup dialog boxes to change the 
designated file extensions.   
 
The QSAR model training calculation starts as a batch job in the background.  The 
calculations can be monitored from the Process Manager.  To view the Process Manager 
window, select Process Manager from the TOOLS menu.  
 

 
 
From the Process Manager window the user can: 
See if the job is running.  If the job is processing, there is a line in the Process Manager 
window, otherwise no line is present. 
Read the process identification (PID) number. 
Read the process description. 
Suspend the process by clicking the Suspend button. 
Resume the process by clicking the Resume button. 
Kill the process by clicking the Kill button (this can leave temporary files and incomplete 
output files on your hard drive). 
 
When the calculations are complete, the line in the Process Manager window disappears.  If 
the Process Manager window is not open at the time of completion, then a pop-up message 
window appears to indicate that the process completed successfully. 
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The log file provides summary of the run and can be opened by any text editor. If the Display 
log option was checked during the Descriptor Generator setup, the log file will be 
automatically open in Notepad after the OK button above is clicked. The name of the log file 
is the same as the name of the last output file with the extension .log added at the end.  The 
log file and the generated Perl script can be found in the same directory as the collection file. 

 
If the process does not complete successfully, an error dialog box appears similar to the one 
shown below.  This message lists the process identification number, the error code, the Perl 
script name and filename of the collection it is operating on The error code is the exit code of 
the last executed instruction. 
 

 

 

Visualizing the Training Results 
 
Part of the output of the QSAR model training is a binary matrix file that contains two 
columns. The fist column contains the values of the output variable (property of interest) used 
for training, which are the tag values copied from the structure collection. The second column 
contains the values that were predicted using the model. The name of the file is the name of 
the collection used for training with the extension specified in the Output Ext. field of the 
QSAR dialog. A 2-dimesional plot of the training (experimental) versus predicted values can 
be easily created using the 2D Scatter Plot tool. The steps required to create a 2D plot are as 
follows. 
 
Select 2D Scatter Plot from the Tools menu. The CREATE MAP dialog appears. Use the 
File method and the extension of the matrix file as the extension. 
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Click OK. A 2D Scatter Plot opens. Select all structures in the collection used for training the 
QSAR model. Drag and drop all selected structures into the 2D Scatter Plot area. Choose the 
point representation properties and click OK. The 2D Scatter plot shows a scatter plot graph 
of the experimental (Column 0) versus predicted (Column 1) values. 
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Using Trained QSAR Models 
 
Once a QSAR model has been generated, it can be used to predict properties of interest for 
compounds in other structure collections. To predict the property of interest for a collection 
of compounds, use Descriptor Generator tool and the QSAR script created during the QSAR 
model generation. 
 

 
 

7. Invoke Descriptor Generator by selecting Descriptor from the TOOLS menu or by 
clicking button on the toolbar. 

10. Click Finish to start calculations. 
 

Here is a sequence of steps to execute in order to compute the property of interest another 
collection: 
6. Make the collection  an active view (click on the title bar). Remember that CNNs are 

only applicable to the same library they are generated from. 

8. Check Other box and choose the appropriate QSAR script (e.g. act.pl). Make sure 
that all other descriptor types are unchecked. 

9. Go through the rest of the dialog boxes and change “Import Transform” or “Create 
Transform” to “None” on all of them. 

After calculation is finished, a matrix file <collection>.<script name> is generated in the 
collection directory (e.g. amines.act). The file contains predicted values of the properties 
of interest in the second column. The first column (index 0) contains the values of the tag 
extracted from the collection or zeros when the tag is not present. 
 
Note that the QSAR script cannot be used for predicting properties of molecules a 
combinatorial library. In order to predict properties for combinatorial compounds, extract a 
subset  of the library into a SMILES or SDF file. 
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