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Introduction to Genie

This chapter presents an overview of Genie, a major enhancement to the Aperio family of image analysis
products. Genie is an interactive tool that “learns” from analyzing training slides, and then develops
classifiers for locating and automatically annotating regions of interest in a large number of eSlides (digital
slide images).

Intended Use

For research use only. Not for use in diagnostic procedures.

Origins and Background

An acronym for GENetic Imagery Exploration, Genie was developed
under the name Genie Pro at Los Alamos National Laboratories
(LANL) for use in satellite imaging applications. Funded by the
Department of Energy and Department of Defense, Genie Pro has
been used to analyze damage caused by natural disasters such

as wildfires, hurricanes, and earthquakes; to track environmental
changes, and to monitor crop health. The figure below shows a
NASA aerial photo (left) that has been enhanced in Genie Pro,
making it much easier to analyze the visual data. By color coding
layers containing the areas of interest (forests in blue, grasslands in
green, scrub in yellow and bare ground in red), Genie Pro streamlines
data analysis.

LANL recognized the value of the Genie Pro technology to a wide range of non-satellite imaging applications, including
remote sensing, aerial imagery, and biomedical imagery and sought partners with expertise in those areas. LANL granted a
license to Leica Biosystems Imaging for development of digital pathology applications. Leica Biosystems Imaging uses the
shortened name Genie for its implementation of the technology.

What Can Genie Do For You?

The chapters that follow discuss how Genie works, but what is most important is what Genie does for you. Before Genie
was available, analyzing an eSlide meant manually drawing annotations on the slide image to identify areas of interest
(for example, areas containing tumor cells) and then running an algorithm to analyze those areas. Given the large number
of eSlides that typically make up a project, this manual annotation process involved many hours of tedious labor and the
possibility of human error.
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Chapter 1: Introduction to Genie

Now we have introduced Genie into the process. A researcher trains Genie to recognize significant structures (such as tumor
cells) to create a classifier. The Genie classifiers can be used by anyone who is using any Aperio algorithm to analyze an
eSlide. By selecting a classifier when using an algorithm, pre-processing is done to automatically select areas of interest
before the algorithm performs its analysis, improving the accuracy of the results and saving a great deal of time for the
algorithm user.

Prerequisites

This section discusses Genie’s prerequisites.

eSlide Manager
»  eSlide Manager must be licensed for Genie.

»  Genie_vx_vx.x.x.x.exe must be installed on the DSR (the server or computers connected to the server on which
AAFClient is installed).

»  Any algorithms that will make use of Genie classifiers must be installed on the DSR (the server or computers
connected to the server on which AAFClient is installed).

Genie Classifier Developer

The person who develops Genie classifiers must:

» Be defined as an eSlide Manager user with a user role that permits use of the Genie data hierarchy and access to
Genie projects, Genie training sets, and Genie templates.

» Have ImageScope installed on his or her workstation.

»  Because this user needs to create new Genie algorithm macros, Genie_vx_vx.x.x.x.exe must be installed on his
or her workstation. (Any other algorithms this user may need to create macros for also need to be installed on the
workstation.)

Genie Classifier User

In order to use Genie classifiers while analyzing eSlides. the user must be defined as an eSlide Manager user with a user
role that permits algorithm analysis. The user must also have ImageScope installed on his or her workstation. This user does
not need access to the Genie data hierarchy, projects, or training sets.

The Genie Workflow

Genie is powerful, yet user friendly, and requires absolutely no programming expertise on the part of the user. The Genie
workflow uses eSlide Manager and ImageScope.

The typical user who develops Genie classifiers is a pathologist or researcher who understands the structures, regions of
interest and the nature of the problems that the Genie classifiers are created to identify or resolve. This Genie user trains
and fine-tunes the training modules iteratively, verifying the accuracy of each iteration, until an algorithm is developed
that finds the expected areas, structures, and cells of interest most correctly. The Genie classifier is then created from the
training algorithm.
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Chapter 1: Introduction to Genie

Developing Genie classifiers is not an activity that takes place on a daily basis. It is primarily intended to develop a classifier
for automatically analyzing and cataloging a set of eSlides, based on similarities and distinguishing characteristics. Each
time you need a new classifier to apply to a different type or class of eSlides, you begin at the beginning, creating a new
Genie project and training set.

The typical user who uses the classifier is a technician whose basic function is to process scanned images. The process is
simplified because instead of manually identifying structures on the eSlide to analyze, the user applies a Genie classifier
that is appropriate for the eSlides being analyzed.

Developing the Genie Classifier

Genie “learns” by analyzing training data pixel by pixel, looking for variations in color, pattern, density, etc. In the first part of
the Genie workflow, your role as a user is mainly to provide training data in the form of eSlides that you have annotated in
ImageScope. Genie analyzes the training sets provided and develops a classifier that most correctly identifies the annotated

regions in the eSlides. See “Chapter 4: Creating a Genie Classifier” on page 21 for details.

Below is a brief illustration of the Genie workflow.
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Chapter 1: Introduction to Genie

The classifier developer:

Create a Genie Project

to step 5 to adjust the classifier.

1  Logs into eSlide Manager in the Genie data hierarchy and opens @
a new Genie project. Y
2  Creates a training set that Genie will use to learn to identify @ Create a Training Set
tissue classes.
3 Prepares input for Genie by assembling existing eSlides that \
con.tain good examples of the structures to be identified. Adds the @ Add Slides to the Training Set
eSlides to the training set.
4  Defines classes of tissue to be identified by creating a template. v
B Annotates the eSlides in ImageScope to indicate examples of @ Define Classes of Tissue
regions containing various targets of interest as well as examples (Create Template)
of regions where targets are absent of the structure represented )
by that training set.
6  Creates a montage of images from eSlides in the set using @ Mark or Modify Training Samples <
Genie's Montage Maker.
7 Creates the classifier by running the training algorithm on the Y
montage. The montage consists of all training regions marked in @ Create or Re-Create Training Montage
Step b.
8  Tests the classifier. If performance is not satisfactory, goes back @ Y

Create or Re-Create the Classifier

Y

N

Test or Re-Test the Classifier

Satisfied
with the
Results?

Let eSlide Manager Users Know the
Classifier is Available

For details on performing these steps, see “Chapter 2: Navigating in Genie” on page 17 and “Chapter 4: Creating a
Genie Classifier” on page 21.
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Chapter 1: Introduction to Genie

Integration with Other Aperio ePathology Products

Genie works closely with other Aperio ePathology applications and in most cases, interaction among the programs is
automatic and seamless. The interactions between Genie and the other Aperio products are described briefly below and in
greater detail in the chapters that follow.

eSlide Manager

Genie is a licensed upgrade to eSlide Manager. After obtaining a valid license and installing the Genie algorithm, to access
Genie you must first log into eSlide Manager. Access to Genie is restricted and is determined by the roles defined in eSlide
Manager and assigned to a user by the eSlide Manager administrator.

ImageScope

ImageScope allows you to view eSlides and to annotate regions directly on an eSlide by using ImageScope’s drawing tools.
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Navigating in Genie

This chapter discusses the Genie components in the eSlide Manager user interface.

To develop Genie classifiers, an eSlide Manager user must have access to the data group containing the eSlides used in
the training set as well as any data included in the Genie project. This user must also be assigned a user role that permits
using Genie project and training sets. That user role should also permit creating Genie annotation templates and creating
and modifying algorithm macros. These permissions are enabled by the _Genie user role which the eSlide Manager
administrator can assign to Genie developers or can use as a base to initialize a new Genie user role. For details on user
roles and data groups, see the eSlide Manager Administrator’s Guide.

eSlide Manager is a digital pathology solution that coordinates all the information about the eSlides (body site, research
project information, etc.) in an easy to use, web-based interface. Genie features appear on the eSlide Manager pages when
a Genie license has been entered into eSlide Manager and when the Genie users are assigned user roles that allow access
to Genie.

Logging into eSlide Manager
To log into eSlide Manager:

1. Open eSlide Manager in your Internet browser.
2. Log into eSlide Manager with the user name and password supplied by your eSlide Manager administrator.

If you are logging in as the global eSlide Manager administrator, you may see a screen prompting you to select the
data hierarchy to use.

Or if you are not an administrator but have been assigned multiple user roles, you may see a screen from which to
choose a user role; select the Genie user role.

Select the Genie data hierarchy or user role to log into the Genie user interface of eSlide Manager.

The eSlide Manager Main Window

After you log into eSlide Manager and select Genie as the data hierarchy to use (if prompted), you'll see the main eSlide
Manager window, shown below.
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Chapter 2: Navigating in Genie

Aperio eSlide Manager & _SysAdmin | Search

Genie Projects Senie Training Sets eSlides MA Blocks Analysis Administrative

w H & &

Genie Projects Genie Training Sets eslides TMA Blocks Analysis

You can navigate among the Genie components either by clicking the links listed along the left side of the page, or by using
the menu bar at the top of the page.

» Genie Projects — See all Genie projects in either list or folder format, search for a specific Genie project, or add a
new project.

» Genie Training Sets — View training sets in list or folder format or search all training sets to locate a specific one.
» eSlides — List, view, search for and add eSlides.
»  Analysis — View image analysis jobs, macros, or classifiers.

(Additional modules may be shown if eSlide Manager is licensed for them.)

The Administrative Menu
The Administrative menu contains different commands depending on your user permissions.
At the minimum, as a Genie developer you will be able to create and maintain Genie annotation templates.

If you have administrative rights, you can use this menu to customize the Genie pages in eSlide Manager (adding new
data columns and changing data field names), adding/modifying stains and body sites, and adjusting system settings.
For more information on the customizable settings available on this menu and how to use them, see the eSlide Manager
Administrator's Guide.

Overview of Genie Pages

We will discuss the Genie pages in detail in future chapters, but here is an overview of the two main Genie pages: project
detail page and the training set detail page.

To list all Genie projects, click Genie Projects on the main eSlide Manager page. The project list page appears.
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Chapter 2: Navigating in Genie

. . A
(Il All Genie Projects <3
I
Sort Open Data Delete Export Data View Audits ™
g
Id | Name Data Group é’
|4
v| 5 ER Tumor Detection Default },"
.
8
J
) 3
i 2 Genie Breast Nuclear Demo Demo_Pre-Clinical #
g
~

i 1 Mouse Xenograft Research_Department_Genie
Lt o JWWMWW’WMW

To see the details on a project, click the W icon next to the project you are interested in.

The Genie Project Details page appears:

i j i All Genie Project:
i V' Genie Prolect Details Name: ER Tumeor Detection

Add New Genie Training Set

Id 5 Data Group Default

Mama: ER Tumor Dete

>Gen|e Project Attachmentis (0)

\J\Lf\lfuu\\/}hﬂ\wwf‘\\/\\fx\d\./\\f\vﬂ /\/\'\/

" ' Genie Training Set Details

All Genie Training Sets

Id ] Name Montage Magnification Data Group Job Progress

(No
data to
display)

S WAV NP

which contains information on the project, and the training sets and eSlides associated with them.
To list all Genie training sets, click Genie Training Sets on the main eSlide Manager page.

The training sets list page appears:
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Chapter 2: Navigating in Genie

" All Genie Training Sets

Sort Open Data Delete Export Data
Id}] Name Montage Magnification
o 4 IHC ER 5.00000
o 2 HE Xenograft  5.00000
" 1 Breast PR 10.00000

Data Group

Default

Research_Department_Genie

Demo_Pre-Clinical

To see the details on the training set, click the o icon next to the training set you are interested in.

The Genie Training Set Details page appears:

W > Genie Project Details  ame: Gene sress Nuciar Demo

= >

" V' Genie Training Set Details  Joo Progress: Montage Complete

Al Genie Training Sets BreastPR X

Add New eslide Add Existing eSlide Assign To New Genie Project

o 1 Moniage | 10.00000
Magnifcaton

Name:  Breast PR

DataGrowp: | Demo_Pre-Clini

Genie Training Set Montage Image

Run Analysis
Montage Status
T s

Montage Complete

Completed; Algorithm run completed.

> Genie Training Set Template

@ > eslide Details

Assign To Existing Genie Project

Job Progress:  Montage Complete.

Create Montage

Al esiides

which contains information on the project, training set details, including information on the montage and annotation
templates, and a list of the eSlides in the training set.

Tips for Navigating the Genie Pages

»  Atany time you can return to the main eSlide Manager page by clicking the eSlide Manager logo at the top left of

the page.

»  You can use your browser's Back arrow to return to a previous page.

»  Be sure to click the Save button on the page when you change text on the page.

»  From any page in eSlide Manager you can access a Genie page by using the Genie menus at the top of the page.
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Chapter 2: Navigating in Genie

For More Information

For general information on using eSlide Manager (such as searching, exporting data, customizing eSlide Manager, and so
on), see:

» eSlide Manager Operators Guide
»  eSlide Manager Administrator's Guide

For information on using Aperio ePathology image algorithms, refer to the user guide that came with the specific algorithm
you are using. Also, see:

»  Aperio Image Analysis User's Guide
For information on using ImageScope to view and analyze eSlides, see:

»  ImageScope User's Guide
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3 Working with Genie

Before you begin creating your own Genie classifiers, please read this chapter which will introduce you to
important concepts for understanding the training process.

Before starting right away with creating Genie classifiers, it is worthwhile to spend some time getting familiar with Genie
and considering how it can help you solve the problem you are working on. It may be best to start with a simple application,
even if is not the main application that you are intending to spend your time on. As with any new tool, you will learn many
new things and gain proficiency with time. It is important to realize this and begin your learning process with something
simple and move to more advanced projects as your understanding increases.

After you read this chapter, which discusses how to approach specific issues and gives some troubleshooting tips, we
recommend going through the steps in the next chapter for a simple project so that you are familiar with the workflow for
creating a classifier.

Start Simple

Introducing too much complexity at the beginning of your Genie development project will prove to be very confusing and
frustrating. This is particularly true when you are first learning Genie, but even experienced algorithm developers will agree
that working from the simple to the complex (introducing complexity only as required) is a good rule to follow and is the best
overall approach.

»

Training Slides — Don't worry about putting every sample image you can find in the training set—just add a few
representative examples to begin with. You can always add more eSlides later.

Parameter Values — Use the eSlide Manager/Genie default values at first. As you progress with the training
process, you can consider changing these default values if the performance/accuracy of the training needs to be
improved (see “When to Add Complexity” on page 19).

Classes — Genie requires at least two classes, for example, “Tumor” and “Background.” In this case, “Tumor” is
the class that we are interested in and “Background” is everything else. It is not essential that there be a class for
each type of tissue on the eSlide—this is a common misconception. If you are specifically interested in finding and
measuring a number of different tissue types, then you will want a class for each type. The goal should be to have
as few classes as possible, while achieving good performance.

Regions — You must provide at least one region for each class. Regions should be only as large as necessary to
capture the pattern of the tissue. Do not add redundant regions that appear similar. Redundant training data will
only slow the training process and will not improve training accuracy. If a class is being used to identify more than
one tissue type, such as “Background,” then you will likely need to add at least one region of each type of tissue to
be included in that class. Don't worry about giving an exhaustive set of regions in the beginning. It is better to train
with a few regions in the beginning, adding more regions only as necessary.
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»

Montage — Start with regions from a single eSlide. As you train and test the classifier on that eSlide, you will
reach a point where you are satisfied. When this occurs, move on to another eSlide and test the classifier. If you
find areas on that eSlide where pixels are being misclassified, add regions from those areas to the proper classes,
create a new montage, and continue the training process. Repeat this process until all of the eSlides in your
training set indicate acceptable classifier performance.

The Montage

Creating a good montage is the key to generating a good classifier with Genie. Throughout the training process, you will
modify the montage by adding/subtracting regions and classes until you have arrived at single montage that captures the
variation inherent in your training set. Once you have successfully produced a good classifier, changes to the montage need
only be made when classifier performance becomes unacceptable. This can happen when Genie encounters new structures
in an eSlide that are not represented in the montage. Since Genie does not have an “I don't know what this is” class, Genie
will put these new types of pixels into one of the prescribed classes, and more often than not, this will affect classes

that you care about. When this happens, the new eSlide can be added to the training set and Genie re-trained to properly
classify the newly found structures.

>

Montage Magnification — \When a training set is first created, the montage magnification is set to 5x. If the
eSlides from which the regions are extracted were scanned at 20x, the resolution of the montage is reduced by
a factor of 4. A region in the montage will have 16 times fewer pixels (4-squared) than the corresponding region
in the parent image. This has two advantages: First, fewer training pixels means training will be faster; Second,
applying the classifier to an eSlide will also be much faster, since the number of pixels to be processed will be
reduced by a factor of 16.

The 5x montage magnification is well matched to other system components in terms of computational time.
Increasing to 10x will cause a 4-fold increase in training and analysis times. Montage magnification should only be
increased if required to improve classifier performance.

Remember to Update the Montage — If you have added/deleted regions or classes, or changed the montage
magnification value, you must create a new montage before continuing the training process. The montage does
not automatically update when you change any of these items. If you fail to do this, training will continue on the
old montage and will not incorporate your changes. There is currently nothing in the system to indicate that a new
montage is required—it is up to you to ensure that you have a current montage.

Training

18

»

Accuracy — The Genie Training algorithm makes iterative improvements to the classifier by comparing the
predicted class with the actual class for the training pixels provided in the montage. The training accuracy

of each class is first calculated; these class accuracies are then averaged together to obtain a mean training
accuracy—a change to the classifier will only be made if it improves the mean training accuracy. This is important
to understand, since it causes each class to be given equal weight, when considering potential improvements to
the classifier.

Background Class(es) — Since it is not possible to give a single class more weight than another, you may

find that classes you don't care about are improving at the expense of the ones you do care about. One way to
partially overcome this problem is to put all of the tissue types that you don't care about into a single class, like
“Background.” This keeps the number of classes you don't care about to a minimum, which helps increase the
weight to the ones that are important to you. You may need more than one background class, but try to keep the
number of these small.
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» Providing Adjacent Regions — \When providing regions for different classes, is it helpful to the training process
to provide regions that share a common boundary. You can do this by drawing a region in the first class, then
drawing the region in the second class so that one of its edges is next to the boundary of the region in the first
class. Since many of the image processing operators used by Genie sense the neighborhood of the training pixels,
this helps ensure that the boundaries between classes are being accurately taken into account.

» Continuing the Training Process — Each time you run the training macro on the montage image, a new output
layer is created. These output layers provide a history of the changing accuracy and can be useful to review to see
how fast improvements are being made. Whenever a new montage is created (by adding regions for example),
these output layers are removed. However, training on the new montage will begin with the current classifier as a
starting point. Only if the number of classes or the training algorithm parameters are changed (except for Number
of Iterations), will the training begin from scratch.

When to Add Complexity

Complexity should only be introduced out of necessity. Simpler algorithms tend to be more robust and apply to a broader
variety of circumstances. While more complex algorithms can provide superior performance, they tend to require more
computational time and resources and often work well in a more narrowly defined set of circumstances. When training fails
to achieve a high enough accuracy, adding more classes and/or increasing the number of features can help.

» Adding More Classes

Poor Specificity — This is the case when you are getting too many false positives in a particular class. You
should first try adding examples of these false positives to a background class (discussed above). If this does
not work, remove them from the background class, define a new class, and add these regions to that class. It
may be advantageous to have more than one background class in order to collect the various tissue structures
that are not of interest.

Poor Sensitivity — This is the case when you are getting too many false negatives in a particular class; that
is, you are not picking a significant amount of tissue for a class. This can happen when the class contains a
large amount of variation in color, texture, morphology, etc. Try to determine if the class can be divided into
two or more logical parts. For example, if a number of regions in the “Tumor” class are false negatives and
are being completely misclassified, add a “Tumor2” class and add these regions to that class. The two tumor
classes can be combined in subsequent analysis to form the complete tumor class.

» Training Parameters

Adding More Features — If you increase the number of classes, you may find it necessary to increase

the “Max Number of Features” in order to achieve better training accuracy. The Genie classifier uses two
stages in which feature planes are calculated; the first uses spatial/textural features, while the second uses
morphological features. The number of features for each stage can be increased. The default number of
features (8, 3) should be adequate for 3 or 4 classes. If you have more classes, try increasing the number of
features proportionately.

Increasing Max Complexity — The “Max Complexity” parameter for the Genie Training algorithm can

be increased. Complexity is proportional to the amount of time required to calculate a feature. Increasing
this parameter will allow for more complex algorithms—doing this will slow the training and classification
processes, however.
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Algorithm Macros

Developing a naming convention for your macros is critical. As an example, “HERZ_Genie_Training” and “HERZ_Genie_
Classifier” would be useful to indicate that these macros were associated with the “HER2" Genie Project and the first is for
training on the montage image, while the other is for applying the HERZ classifier to other eSlides. You may also wish to add
other identifying information to the macro name to make it unique and easily recognizable.

It is important to remember that a training macro can only be run on the montage image, while the classification macro can
be run on any eSlide. The system architecture does not enforce this requirement—it is up to you to select the correct macro
when submitting an analysis job. This is where the naming of macros becomes important and it is important that you pay
particular attention when selecting macros. If you run the training macro on an eSlide, the analysis job will fail. In this case,
all you need to do is resubmit the job with the intended macro and things should proceed as intended. If you run a non-
training macro on a montage, the job will finish and the result layer will contain results for the macro you ran. Just delete
this layer if you don't want it and proceed with running the training macro on the montage.
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This chapter gives step by step instructions for creating a Genie classifier.

Step #1 - Create a Genie Project

The first step in creating a classifier is to create a new Genie project:
1. Loginto eSlide Manager as a Genie developer as discussed in “Logging into eSlide Manager” on page 12.

2. Onthe Genie Projects menu, click the Add Genie Projects link. The Add New Genie Projects page appears:

Add New Genie Project

® Add 1

Name: -
Project Name

Data Group: 1y it

Add Cancel

We recommend creating one Genie project, specifying its name and selecting the data group to which it belongs
from the drop-down list, then clicking Add.

3. To open the project, click the ™ icon on the Project list page. You see the Project Details page.
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- - N All Genie Project:
E V' Genie Project Details  Name: £R Tumor Detection

Add New Genie Training Set

a5 Data Group Default

Name ER Tumor Dete

> Genie Project Attachments (0)

&5 ' Genie Training Set Details

All Genie Training Sefs

Name Montage Magnification Data Group Job Progress

(No
data to
display)

Tips on Using the Project Details Page

The Genie project details page summarizes basic information, allows you to navigate between projects, and to add
attachments or training sets to a project.

» To navigate between Genie projects, click the Previous Genie Project or Next Genie Project links, or click
Genie Project List to view all of them.

» If you want to modify the Name or Data Group fields, you may do so. Click Save to keep your changes or Reset to
discard them.

»  You can add documents such as project design documents by using the Add Attachment link in the Genie Project
Attachment section.

Step #2 — Create a Training Set

The training set contains samples of the tissue you want to characterize; Genie analyzes the training set to learn about
those tissue classes.

Decide what eSlides you want to use to train Genie. To do this, spend some time thinking about what characteristics you
want to identify so you can create an effective classifier. It's not a good idea to pick eSlides that are too similar, as Genie
won't learn enough from them. On the other hand, too much variation in your samples will make Genie’s job harder and may
decrease accuracy. For more information on making this decision, see “Chapter 3: Working with Genie” on page 17.

The number of eSlides depends on the complexity of what you are trying to identify, and the amount of variation you want to
encompass.

To create a training set:
1. Create a Genie project as discussed in Step #1.

2. On the Genie Project Details page, click Add New Genie Training Set in the Genie Project Genie Training Sets
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section. (Note that you may have multiple training sets for one project.)

The Add New Genie Training Sets page appears:

Add New Genie Training Sets

® add 1

Name: HC ERI

Montage Magnification: 5.00000

Data Group:
Default

Job Progress:

Add Cancel

3. Onthe Add New Genie Training Sets page, enter the name of the training set you wish to add (for example, IHC
ER), which will be the basis of the name of the classifier you are going to create.

4. Type a montage magnification value. The default value is 5.0, which is a good starting value. For information on
why you would want to change the magnification value, see “Chapter 3: Working with Genie” on page 17.

5. Click Add.

The final classifier name will be based on the training set name you enter when you create the training
set (for example, “IHC ER"). However, to ensure that classifiers have unique names, Genie prepends
a numeric value to the front of the classifier name. For example, the training set IHC ER may create a

classifier named “35_IHC ER.”

When you return to the Genie Project Details page in Genie, your newly added training set is listed.

All Genie Projects >

i V' Genie Project Details  nName: ER Tumor Detection

Add New Genie Training Set

d: 5 Data Group: Default

Name: ER Tumor Dete

> Genie Project Attachments (0)

" ' Genie Training Set Details

All Genie Training Sets

IdL Name Montage Magnification

4 IHC ER 5.00000

Data Group

Default
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Tips on Using Training Sets
To view a list of training sets that exist in Genie:
1. Go to the main eSlide Manager page and click Genie Training Sets to display a listing.

2. Todisplay the training set details page for any of the training sets listed, select the check box beside the Training
Set ID number and click Open Data or click the &b icon next to the training set you are interested in.

To add an existing training set to a Genie project:
1. Open a training set as discussed above.
2. Click Assign to Existing Genie Project.

Remember that a training set can have only one parent project. If you want to add a training set that has already
been assigned to another Genie project, you will have to detach it from that project first.

3. Click Assign next to the Genie project you want to assign the training set to. (If you have multiple Genie projects,
you can use the Filter Options to search for a specific project. See the eSlide Manager Operator's Guide for details
on using the eSlide Manager search functions.)

Filter Options

Search For
® The Genie Project Fields
® The Genie Training Set Fields

® The eSlide Fields
Apply Filter

Select Genie Project To Assign To

id | Name Data Group

Select 5 ER Tumor Detection Default

Select 2 Genie Breast Nuclear Demo Demo_Pre-Clinical

Select 1 Mouse Xenograit Research_Department_Genie

You return to the Genie project detail page where you see the training set has been added.

Step #3 — Add Slides to the Training Set

As discussed in Step #2, choosing the eSlides for your training set is an important decision, and can affect the usefulness of
the classifier you create, so be careful to choose eSlides that have good samples of the structures you are trying to identify.

To add eSlides to the training set:

1. Go to the Genie Training Sets menu at the top of the eSlide Manager page and select All Genie Training Sets
(As List). You see a list of training sets.

2. On the Genie Training Sets page, open a training set by clicking the L icon next to it. A details page appears:
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W > Genie Project Details  ame: Gene aresst Nciear emo m < >
‘. V' Genie Training Set Details oo Progress: Montage Compete
‘VGenie Training Set Montage Image
 Genie Training Set Template
@\ > eslide Details
3. Inthe Genie Training Set eSlides section, click Add New eSlide to add an eSlide that does not yet exist (you can
add its image later after the slide is scanned), or Add Existing eSlide to add an eSlide that has already been
defined in eSlide Manager.
If adding existing eSlides, you see the Add Unassigned eSlides to Genie Training Set page, which contains a list of

all eSlides that can be added to this training set (that is, eSlides that are not already assigned to another training
set);

Add Unassigned eSlides To Genie Training Set

Retum to Genie Training Set

Filter Options

Search For
[ The eSlide Fields
Apoly Filter

Unless otherwise noted, all analysis resuts are RUO

Label Macro Image Image

v
RN

Note the Filter Options section which allows you to search for eSlides that meet certain criteria (such as slides that

are stained with an ER stain).

Tip: If you want to use the same eSlide in multiple training sets, copy the eSlide using a different name so that it
appears in eSlide Manager as a different eSlide.
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4. Select the eSlides you want to use by selecting the check box next to each one, and then clicking Assign at the
top of the eSlide list.

Step #4 — Define Classes of Tissue (Create a Template)

After setting up the training set, you need to define the classes of tissue structures you are going to find. This is done by
building an annotation template that defines the classes.

Genie creates color-coded layers based on these classes, making it easy to distinguish the annotated regions. These layers
are stored in the annotation template that is associated with the training set.

When you add eSlides to a training set, Genie applies the annotation template for the set to that eSlide. If you edit the
definitions of the classes and corresponding layer properties in the annotation template for one eSlide in a training set,
Genie modifies the corresponding annotation layers for all eSlides in the set. For example, if you add or delete classes or
change the names or colors of associated layers, these annotation properties will be modified throughout the training set.

1. Open the training set. You can do this in a variety of ways:

a. (o to the main eSlide Manager page and click Genie Training Sets then click @ next to the training set you
want to open; or,

b. Open a project and in the Genie Projects Genie Training Sets section click o next to the training set assigned
to that project.

2. On the training set details page, under the Genie Training Set Template section, click Add Class.

A new box appears in which you can type the name of the class (for example, Tumor):

VGenie Training Set Montage Image

rrrrr

3. Click Add Class to add another class (for example, Background).
4, Click Save.

Tips on Creating Templates
»  You can use the Choose Color button to select the color that will be used to display this class.

»  You can also load settings from an existing template by using the Load from Template button. (See “Creating a
Template for Use with Multiple Training Sets” below for information on creating a template that can be used with
multiple training sets.)

»  You can modify the template by adding and deleting layers, renaming them, changing their colors and adding
attributes. (You can use attributes to add descriptive text to the class or to create fields into which text can be
manually entered later)
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Creating a Template for Use with Multiple Training Sets

Instead of creating a template for each training set, you can create and save a template that can be applied to multiple
training sets.

1.

o R W

9.

Go to the Administrative menu at the top of the eSlide Manager page and select Genie Annotation Templates.
Click Add. The Add Annotation Template page appears.

Enter a template name and click Save.

To define the classes in this template, click Add in the Template Layers section.

A new box appears in which you can type the name of the class.

Add Annotation Template

mmmmmmmmmmmm

uuuuuuuuu

ccccc

cccccc

Keep clicking Add until you enter all the classes you want to use.
If you want to add attributes to the class, click Add Attribute to Class.

If you want to change the color with which tissue identified as belonging to the class will be displayed, click
Choose Color.

When finished with the template, click Save and it appears on the Annotations Templates page.

To apply an annotation template to a training set:

1.
2.

Open a training set.

In the Genie Training Set Template section of the training set details page, click Load from Template and select
the template you created from the popup window that appears.

I If your Internet browser is set to open popup windows in a tab instead of a new window, the list of

templates will open in a new tab—after you select the template, you may have a problem returning
to the main eSlide Manager page. For this reason, we recommend you change your browser options to
open a popup in a new window rather than in a tab.

Step #5 — Mark Training Samples

For each of the eSlides in the training set, you need to draw annotations that identify the type of tissue you defined in Step
#4, so that Genie can be trained on what tissue fits those definitions.

each template class must be marked (not on each eSlide, but in the entire set of training eSlides).

I When you mark training regions on eSlides in the training set, remember that at least one region for
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1. Open the training set and go to the Genie Training Set eSlides section.

Fxsy % £
> @ %‘%l
- ==

2. Click on the thumbnail image of the first eSlide to open it in ImageScope.

3. Change the eSlide magnification using the zoom slider to a magnification that makes it easier to view cell
structures.

4. (o to the ImageScope View menu and select Annotations to see the template defined for this training set. For

example:
i28 Annctations - Detailed View
[= ]| 5] Summar y | g m B

Layers & # %< Layer attributes + | = [£] B u vLayer Regions = X B B

Attribute value R Length Ares
e300 (im) {umz)

Every eSlide in this training set uses this same template.

5. Click on a named layer to select that type of tissue (for example, Tissue), and use the ImageScope & pen tool to
draw an annotation around a good example of that type of tissue. Do the same in several areas of the eSlide. Note
that you can also use the rectangle and ellipsis drawing tools. You can also use the negative pen tool & to draw
an annotation around an area you wish to exclude from analysis—in this case, the area marked with the negative
pen must be entirely surrounded by a region boundary. See the example below.

6. Click on another named layer and draw annotations for that type of tissue.

The colors used for the annotations are the same as you previously defined in the template. In our example, the
yellow region identifies background tissue. Note the use of the negative pen to draw an area to exclude from
analysis (the dotted line within the rectangle below)
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If the colors do not match the colors assigned in the template for that type of tissue, you may have clicked on the
incorrect layer before drawing. If you need to delete an annotation, you can do so by clicking it to select it and
pressing the Delete key on your keyboard.

Save the annotations by closing the image in ImageScope and clicking Yes when prompted to save the changes.

Open the next eSlide and annotate the tissue types. Repeat for each eSlide.

Step #6 — Create the Montage

The montage is a single image consisting of all of the training regions that have been drawn on the eSlides (see Step #5)
and will be used by the Genie training algorithm to learn about tissue classifications.

To create a montage:

1.
2.

3.

Open a training set.

In the Genie Training Set Details section of the page, click Create Montage. (The Montage Magnification box
should already contain a value—Ilower magnifications can be used to make the training and classification run
faster. You can experiment with this value later to see which values give acceptable performance.) If you change
the magnification value here, it will not take effect until you click Create Montage to create a new montage.

As the montage is created, you see text next to the Run Analysis link cycle through status messages until it says
Montage Complete.

When processing is complete, the montage appears in the Genie Training Set Montage Image section:

Genie User's Guide, Revision E © Leica Biosystems Imaging, Inc. 2015 29



Chapter 4: Creating a Genie Classifier
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When you generate a montage, Genie creates an annotation layer that contains the class names and the colors used to
color code the corresponding classes in the mark-up image.

Step #7 - Create the Classifier

Now that you have created the montage, you will run the Genie training algorithm on it to create the classifier.

If you change any of the regions in the eSlides in a training set (for example, adding or deleting
regions) or change the montage magnification, you must re-create the montage for the changes to take
effect in the montage.

To see a larger version of the montage:
1. Click on the thumbnail image of the montage to see the image in ImageScope.

2. The montage shows the mark-up images in a semi-transparent layer. The mark-up layer uses the same color palette
used to designate the classes and associated layers defined in the training set template.
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Create a Training Macro

The training macro is based on the Genie training algorithm and is used to analyze the training montage to create a Genie
classifier. Note that you only use training macros to analyze training montages, never to analyze individual eSlides. The
training macro is a general algorithm and can be used to analyze any training montage. The classifier that is created is

a specific pre-processor that identifies specific tissue types based on the template you used to annotate the training set
eSlides.

With the montage open in ImageScope:

1. Go to the View menu on the ImageScope menu bar and select Analysis. Click Choose Algorithm.

28 Analysis
Choose Algorithm..  ~ (m Analyze =
Load Local Macro
Load Remote Macro »

Area Quantification FL v1
Colocalization v

Color Deconvolution v8
Cytoplasmic v2

Genie Classifier v1

Genie Training v1

IHC Membrane v1

IHC Muclear v1
Membrane v8
Microvessel Analysis v1
Nuclear v8

Positive Pixel Count 2004-08-11
Positive Pixel Count FLv1

Positive Pixel Count v@

Rare Event Detection v1

This window shows the list of available algorithms from which macros can be created.
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2. Click Load Remote Macro, then select a Genie Training algorithm:

528 Analysis
Choose Algorithm... = Analyze
a

‘ ad Remote

Data Group A
Demo_Pre-Clinical  Dr. She

Area Quantification FLv1

Colecalization v& 1 Genie Tr: Default Admin

1 Genie Classifier v1 Default Admin

»
»

,

Color Deconvalution v ,
Cytoplasmic v2 ,
Genie Classifier v1 »
Genie Training v1 »
IHC Membrane v1 3
1HC Nuclear v1 3
3

3

3

3

3

5

5

Membrane v8

(%) Filters

brm Distribution

Random Seed 0

Max Complexity 10

O]

You now see the Genie Training algorithm parameters. For a quick reference to these parameters, see “Appendix
A: Genie Training and Classifier Algorithm Parameters” on page 45.

In most cases, you can leave these parameters set to their default values, but one parameter that you might want
to experiment with is the Number of Iterations parameter. The default value is 200. In adjusting this number, you
need to balance the complexity of your problem and analysis time. Generally, the greater the number of iterations,
the better the accuracy (and the longer the analysis time) but after a point increasing this number results in very
little improvement.

Because Genie learns each time you run the training macro, running the training macro once with 1,000 iterations
has the same effect as running it five times with 200 iterations. For more information on using the parameters to
fine-tune your training, see “Chapter 3: Working with Genie" on page 17.

i Analysis
Choose Algorithm... = Analyze
Genie Training v1
Genie Training w1
View Width 0
View Height 0
Overlap Size 0

Image Zoom

Markup Compression Type Same as processed image
Compression Quality 70

First Stage Mode Spatial/Textural Features Only
Number of Features in First Stage &

Second Stage Mode Include Morphalogical Features

Mumber of Features in Second Stage 3

Number of Stage fterations 10
Data Modeling Mode Uniform Distribution
Regularization Parameter 001
Number of lterations 200

Random Seed 0

Max Complexity 10

O]

3. Click the Save icon to save the macro. (The training macro consists of all of the parameter settings for the training
algorithm and is used to analyze the training montage.) Don't click Run—you will be using the Run Analysis link
on the eSlide Manager Training Set Details page to analyze the montage with this macro.
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4. In the save macro window, type a name such as Genie Training - IHC, select a data group, and click OK.

5. Close ImageScope.

Run the Training Analysis

1. Inthe Genie Training Set Montage Image section of the training set details page, click Run Analysis.

“ ' Genie Training Set Details Job Progress: Montag:

All Genie Training Sets BreastPR %

Add New eSlide Add Existing eSlide Assign To New Genie Projet

I 1

Name: Breast PR

N Genie Training Set Montage Image

NNEFERSETE Montage Complete

Training Status: Completed; Algarithm run completed.

2. Onthe Analysis page, make sure the macro you saved above is shown in the Select Analysis Macro box. Also
select:

a. Create mark-up image(s)

b. Most Recent in the Select Input Annotation Layer
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Analyze 1 Image

Select Analysis Macro

Filter Parameter

Search genie
Ylaimacros [y Macros

3ort
Select Id Mame T wersioy
58 Genie Classifier v1 1
20 Genie Training 200 1
(O} a7 Genie Training v1 1

Select Input Annotation Layer:

[ Most Recent
15t
[Jand
Cara
[CIwhole Image
Create matkup image(s)

Analyze Cancel

3. Click Analyze. This submits the analysis job and takes you to the Analysis Jobs page. Note that the analysis may
take a while, depending on how many eSlides you included in the training set and the magnification set for the
montage. When the analysis is finished, this page shows Complete in the Status column. Press F5 to refresh the
page to see the latest analysis status.

1 Pending Analysis Jobs

< coumn 0011z >

JobID Submitted Date Submited By ImagelD  Image O Macro Version  Create Markup  Processin gHost  Status Detalls

O 133 2015-10-2717:11:22  Administrator 50

Genie Traming v 1 true RI12.TP-2012 44% complete Training

Showing Records 11 of 1

1 Display_ 100 _ v

4, When the analysis is complete, open the training set.

5. Click on the thumbnail of the montage to open it in ImageScope. You see a result layer in the ImageScope
Annotations window (Genie Training output) in addition to the original montage layer. Click the Genie Training
output layer to see the training results:
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Y Aperio ImageScope [v12:3.0.5056] - [ File: WTRN13\Images\2_Breast PR Montage.tf] =IS
Qo Rl Bt image View Tools Window Help

& x

Ok ¢ DO #ERBE W 7

R

Vi s
Annotations - Detailed View

+] = [E 8  wverregons [+ - (X @

um) |1.006200

2_Breast PR
2.0 Lobel i

¢¢¢¢¢

The Mean Training Accuracy value is the primary indicator of the effectiveness of the training analysis. You will not
achieve perfection, 100%, but you can decide for yourself what percentage is acceptable for your project.

And you see the mark-up image in the main ImageScope window:

R

Aperio ImageScope [v12.3.05056] - [ File: \TRN13\mages\2_Breast PR_Montage.(if -0
B e tdt mage] View Tooh Window  Help _ax
FaaB&ETr0 OO0 -BfEAB L+%8 ik ¢ w0 #ExBE M~

Fie: I TRNT3magest2_Breast
PR_Monaga sl

If the mark-up image in the ImageScope window shows smaller areas of color in the middle of another color, these

represent errors in training. For example, if the tumor areas are green and background areas are yellow, small bits
of green in background areas represent classification errors:

Running the training algorithm has created the Genie classifier, which we will test in the next step. See “Chapter 3:
Working with Genie” on page 17 for tips on maximizing training accuracy.
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Viewing the Montage Regions in Context

You can use the ImageScope link feature to view the different regions in the montage in their original context in the training
eSlide. On the original eSlide, you can redraw the region, delete it, or add additional regions to any of the class layers. Be
sure to re-create the montage again if you change the regions to include these changes in the montage.

For details on using the ImageScope Link Manager, see the ImageScope User’s Guide. Note that because Genie
automatically creates the links for you in the montage, you do not have to use the Link Manager itself (the %2 icon on the
ImageScope tool bar) to set up these links, but only need to use the forward link icon "= to navigate through the existing
links.

1. If not already open in ImageScope, click on the montage thumbnail image on the training set detail page to open it
in ImageScope.

2. Click on the rectangular border around a region to select it. Or, select the region by clicking it in the Annotations
window Layer Regions pane. When selected, the region border contains a black line:

oy

Now click the Next Link icon on the ImageScope toolbar, *2 . ImageScope opens the original eSlide on which
the region was drawn and centers the annotation in the middle of the ImageScope window. (The black line in its
boundary indicates which region is selected.)

If you have the filmstrip turned on, you can see that the montage and the eSlide are both open at the same time. (To turn on
the filmstrip, go to the View menu and select Filmstrip.)

You can click on the montage in the filmstrip to go back to the montage, select another region, and click ® to go to its
parent eSlide.

Step #8 — Test the Classifier

Now that you have created the Genie classifier, you will want to test it to see how well it identifies the tissue classes.

Create a Testing Region

1. Open the project or the training set and open one of the training set eSlides by clicking on its thumbnail in the
eSlide list.

2. Go to the ImageScope View menu and select Annotations. You see the training set template in the Annotations
window.
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Save the new annotation by clicking ‘&l on the Layers pane in the Annotations window.

Genie User's Guide, Revision E © Leica Biosystems Imaging, Inc. 2015

Create a new layer for testing purposes by clicking % on the Layers pane of the Annotations window.

Click on that layer in the Annotations window to select it and use the ImageScope rectangle tool to draw a testing
region on the image which is larger than the original tissue annotations:

37



38

Chapter 4: Creating a Genie Classifier

Create a Classification Macro

1. Go to the View menu on the ImageScope menu bar and select Analysis. The Analysis window appears:
28 Analysis
| Choose Algerithm... = Analyze
Mo algorithm loaded
2.

Click Choose Algorithm on the Analysis window and click Load Remote Macro to see the list of macros on
eSlide Manager.

3. Click the Genie Classifier algorithm macro to select it.

Analysis

(1 [4] [&] o] >~

*| () Fitters
,

You now see the Genie Classifier algorithm parameters. For a quick reference to these parameters, see “Appendix
A: Genie Training and Classifier Algorithm Parameters” on page 45.

i

Analysis
Genie Classifier v1
Genie Classifier vi
®
View Width 1000
View Height 1000

Overlap Size 0
Image Zoom 1
Markup Compression Type  Same as processed image
Compression Quality 20

Classifier Neighborhood 0

Classifier None

Class List

4. Select the classifier you want to use to create the macro from the Classifier drop-down list (this is the name we
gave our training set). The list will contain every classifier you have developed on the eSlide Manager site.
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5.

6.
7.

28 Analysis

Choose Algerithm... -

Genie Classifier v1
Genig Claszifier v1

®
View Width 1000
View Height 1000
Cwerlap Size ]
Image Zoom 1

Markup Compression Type = Same as processed image
Compression Quality 30
Classifier Neighborhood 0

Classifier 2 _Breast PR h

Class List MNane
2_Breast PR I/\\,
Xyna_HE

Classifier
Choose from the list of Classifiers available in Spectrum

Click in the Class List box to see the classes you defined and select which classes you want to use for this macro.

28 Analysis

Genie Classifier v1
Genie Classifier vi

View Width 1000
View Height 1000
Overlap Size 0

Image Zoom 1

Markup Compression Type | Same as processed image
Compression Quality 20

Classifier Neighbothood 0

Classifier 2_Breast PR

[ Clear Glass
[ Background
Tumer

Class List
Pick the classes to retain for further processing

Click the Save icon.

In the save macro window, type a name that identifies the classifier you selected, such as IHC_ER and click OK.

Run the Classifier Macro

The classifier macro is tied to a specific classifier.

1.
2.

3. (o to the ImageScope View menu and select Analysis.

Open the eSlide on which you created the testing region.

Select the Test annotation.
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4.
5.

On the Analysis window, click Load Remete Macro and select the macro you created above.
On the Analysis window, click Analyze and select Analyze annotations.

When the analysis completes, the Annotations window shows analysis results in the Test layer you created, with
the fractional content of each class as a percentage of the region of analysis. Also shown is a mark-up image in the
main window that shows the color-coded tissue classes.

Improving Classification Performance

See “Chapter 3: Working with Genie” on page 17 for tips on improving classification performance. Here are some
general tips:

1.

AR S

Add regions in the image where tissue classes were missed in the Genie Classifier output layer. Smaller areas of
color in the middle of another color in the ImageScope mark-up image represent errors in training. For example,
if the tumor areas are green and background areas are yellow, small bits of yellow in tumor areas represent
classification errors.

Reduce the montage magnification to speed up the calculations and create a new montage image.
Run the Genie training algorithm macro.
Open the montage image and view the results.

Open the eSlide and analyze the same test region as before. Now you will see that the tissue class regions are
much more filled in and the classifier is doing a better job at finding most of the tissue of that type.

Exporting and Importing Classifiers

Every classifier you create can be used by anyone on your eSlide Manager site who has permission to analyze images.

Classifiers you have developed on one eSlide Manager site can be exported and then imported on another eSlide Manager
site. This allows you to share classifiers with other eSlide Manager sites.

To Export a Classifier

1.
2.

40

Logged in as an eSlide Manager administrator, go to the Analysis menu and select Macros.

On the Analysis Macros page, choose a classifier in the Classifiers section and click Export.
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36 Cytoplasmic_Macro 1 Administrator Advanced_Image_Anaiysis 2013/03/2y
28 CytoplasmiciMacrol 1 Dr. Shawn Peters Demo_Pre-Clinical 2013/02/13
Showing Macros 1-20 of 49
1 2 3 Next = Display 20
Classifiers
Sort Import
Idy Name Data Group Tasks
2 2 Breast PR Demo_Pre-Clinical Delete
1 Xyno_HE Demo_Pre-Clinical Export | Delete

3. Your Internet browser displays its standard window for saving a file; save the file to your disk. The file is saved with
a .GSF extension.
To Import a Classifier

1. Logged in as an eSlide Manager administrator, go to the Analysis menu and select Macros.

2. On the Analysis Macros page, click Import in the Classifiers section of the page. You see the Import Classifier
Definition page:

Import Classifier Definition

Name:

ER
Classifier XML:

| Browse.

Data Group:
Default v

Import Cancel

Type a name for the classifier in the Name text box.
Click the Browse button to find the .GSF file that is the exported classifier.

Select the data group to put the classifier into.

o o & »

Click Import.

Using the Classifier

When the developer has created the Genie classifier, the classifier is ready to be used by other eSlide Manager users. This
is how the image analysis user uses a classifier:

1. Log into eSlide Manager as an administrator.

2. Open an eSlide from eSlide Manager in ImageScope.
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42

3. Go to the View menu and select Analysis (or type Control G) to open the Analysis window:

.
5,

28 Analysis

| Choose Algorthm... v|

No algorithm loaded

Click Choose Algorithm.

Analyze

Select an algorithm (for example, the Positive Pixel Count algorithm). You see the default settings.

6. Open the Inputs section of the algorithm parameters and select a Genie classifier in the Classifier box. You have
available any of the Genie classifiers stored on this eSlide Manager site to use as a pre-processor to the algorithm
for which you are creating the macro.

1.

138 Analysis
Choose Algerithm.. =
Genie Classifier v1
Genie Cassifier v
®

View Width 1000
View Height 1000
Overlap Size 0
Image Zoom 1
Markup Compressian Type  Same as processed image
Compression Quality 0
Classifier Neighborhood 0
Classifier 2 Breast PR -

Class List None
LbreastPR
Xyno_HE

Classifier
Choose from the list of Classifiers available in Spectrum

On the algorithm parameters window, modify the Class List parameter to select the classes to use for analysis:
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138 Analysis
Choose Algerithm...  + Analyze -

Positive Pixel Count v9
Default Settings

View Width 1000

View Height 1000

Qverlap Size 0

Image Zoom 1

Markup Compression Type Same as processed image

Compression Quality 20

Classifier Neighborhood 0

Classifier 2 Breast PR

Class List Background, Tumar ¥
[ Clear Glass
Background

Tumor

Hue Value

Hue Width

Color ian Threshold 0%

lwplHigh) 220

Iwp(Low] = Ip [High) 175

IplLow) = Isp(High} 100

Isp (Low) 0 -

Class List
Pick the classes to retain for further processing

And then clear the check box next to any classes you don’t want to use.

8. Save the macro with a unique name.

eSlide Manager users can now run the saved algorithm macro at any time, and the Genie classifier will be used to
pre-identify areas on which to run the analysis.

Results of Using the Genie Classifier

After the algorithm user runs a macro that uses a Genie classifier, the mark-up image is the easiest way to see how the
classifier has affected the analysis results.

The example below shows the portion of an eSlide that was selected for analysis.

We then used the Positive Pixel Count algorithm, selecting a Genie classifier that identifies possible tumor cells. After
running the algorithm, note the colored areas of the mark-up image.
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The colored areas indicate the tissue that was identified by the Genie classifier as tumor cells—therefore, only this area
of the selected region was analyzed by the Positive Pixel Count algorithm. The colors correspond to the quantitative results
returned by the algorithm (for example, the dark red pixels are those identified by Positive Pixel Count as strongly positive
pixels).

The area that is in black and white indicates tissue that was not identified by the Genie classifier as tumor cells and so was
not analyzed.
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Genie Training and Classifier
Algorithm Parameters

This appendix contains quick reference information on the parameters you can supply to the Genie training
and classifier algorithms during the process of creating a Genie classifier.

Genie Training Algorithm Parameters

The Genie Training Algorithm parameter window shows a number of items you can adjust to affect tissue identification:

3N Analysis
Choose Algerithm... = Analyze -
Genie Training v1
Genie Training v1
Wiew Width 0
View Height 0
Overlap Size 0
Image Zoom 1
Markup Compression Type Same as processed image
Compression Quality 70
First Stage Mode Spatial/Textural Features Only

MNumber of Features in First Stage
Second Stage Mode Include Morphological Features

MNumber of Features in Second Stage 3

MNumber of Stage lterations 10

Data Madeling Made Uniform Distribution
Regularization Parameter 0.01

Number of lterations 200

Random Seed 0

Max Complexity 10

®©

Introduction to Genie Training Architecture

Broadly speaking, Genie training is a randomly iterative process in which different image processing features are constantly
generated and applied to create a classifier or to improve on an existing one. Different parameters can be adjusted to guide
the training in a specific way. Because of the random nature of the training process, it is hard to quantify the effects of
changing a parameter on the accuracy. Similar parameter changes can have contrasting effects because of training data or
randomness. We suggest you use the default parameters for Genie training unless you understand the Genie architecture
and parameter definitions. Please refer to the drawing below for an overview of Genie architecture.
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y

Input — Montage Image.

Evolving Spectral/Textural Features (1% Stage)

Mahalanobis Classifier Combines Spectral/Textural Features into a Preliminary
Classification Nmage. (1st Stage)

Evolving Morphological Features (2" Stage)

m|o o|m>

Mahalanobis Classifier Combines Morphological Features into a Final Classification
Image (2" Stage)
Output — Final Classification Image/Result

g |

Genie Training Parameter Definitions

The following parameters appear on the Genie Training Algorithm window:

46

»
4

View Width, View Height, Overlap Size, and Image Zoom — Cannot be changed.

Mark-up Compression Type — Sets the compression type for the algorithm analysis mark-up image. The default
value is 0 — Same as processed image.

Compression Quality — Higher compression quality makes the analysis take longer to process and results in a
larger image file. This value does not apply to all compression types. The default value is 70.

First Stage Mode — Choose a mode for the first training stage. The default is 0 — Spatial/Textural Features only
(0). Other options are 1 — Raw Image Planes Only and 2 — Spatial/Textural Features + Raw Image Planes. Raw
Image Planes are simply Red, Green and Blue channels of the Montage Image.

Number of Features in First Stage — Number of feature attributes to be used in the first stage of the training.
The default value is 8. A larger value may be useful for complex problems. Values larger than 12 are memory
intensive and time-consuming.

Second Stage Mode — Mode to be used for the second stage of training. The default is 1 — Include
Morphological Features. Another option is 0 — No Morphological Features.

Number of Features in Second Stage — Number of feature attributes to be used in the second stage of training.
The default value is 3.
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» Number of Stage Iterations — Number of iterations before optimizing the next stage. The default value is 10.

» Data Modeling Mode — Selects a mode for modeling the data as a Gaussian distribution. The default value is 1 —
Uniform. Other options are: 0 — Independent Distribution, 2 — Semi-Uniform Distribution.

» Regularization Parameter — This value affects the stability of the training. The default value is 0.01.
» Number of Iterations — Total number of iterations the training will go through. The default value is 200.

» Random Seed — Sets the random number generator seed for the evolution of the training. The default value of
zero allows the random number generator to set its seed from the current state of the host computer’s clock. For
repeatable results (classifiers), a fixed random seed can be set by choosing the same non-zero value (say 2).

» Max Complexity — Determines the complexity of a feature at each stage of the training. The default value is 10.

Genie Training Algorithm Output Parameters

Output parameters that can be selected or unselected for display on eSlide Manager pages are:
» Total Training Pixels
» Correctly Classified Pixels
» Overall Training Accuracy

All are selected by default.

Genie Classifier Algorithm Parameters
The Genie Classifier Algorithm parameter window shows a number of items you can adjust:

A Analysis

Genie Classifier v1
Genie Classifier v1

®
Wiew Width 1000
View Height 1000
QOverlap Size i}
Image Zoom 1
Markup Compression Type | Same as processed image
Compression Quality 30
Classifier Neighborhood 0
Classifier Nene

Class List

Genie Classifier Algorithm Input Parameters
»  View Width — Width of processing box.
» View Height — Height of processing box.
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48

Overlap Size — Size of the overlap region for each view. The image is processed in blocks (views) and overlap is
provided to ensure that regions are processed only once

Image Zoom —1.0 (recommended) for processing of all pixels. Can be reduced to 0.5 for faster processing;
however, the results may not be as accurate.

Markup Compression Type — You can select among “Same as processed image,” JPEG, or JPEGZ000 for the
markup image.

Compression Quality — For the compressed markup image, you can select a compression quality of 0 to 95.
Higher quality takes longer and yields larger files.

Classifier Neighborhood — Size in microns of neighborhood to pad boundary of each view, as required by the
classifier. This parameter is useful in removing edge artifacts between views. Once the user picks a classifier from
the list, the appropriate Classifier Neighborhood value is automatically computed and populated. There is an upper
threshold on Classifier Neighborhood (200 microns) for speed purposes, when it is automatically computed. Manual
override is possible up to 500 microns. It is advised to set the Classifier Neighborhood manually only when the
automatic value reaches 200 microns and visible edge artifacts are seen at view boundaries.

Classifier — This parameter allows you to select from the list of classifiers that have been created on this eSlide
Manager site.

Class List — Click the -#| edit icon on this line to choose the classes defined for the selected classifier.
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Symbols

» The following symbols may appear on your product label or in this user’s guide:

Manufacturer

Date of manufacture (year - month - day)

European Union Authorized Representative

In vitro diagnostic device

Serial number

H

Relative humidity range

Storage temperature range

Electronic and electrical equipment waste disposal

The exclamation point within an equilateral triangle is intended to alert you to the presence of important operating
and maintenance (servicing) instructions.

Le point d’exclamation dans un triangle équilatéral vise a avertir I'utilisateur qu'il s‘agit d'instructions d'utilisation
et d'entretien importantes.

> B~ HEEinL

High veliage

The lightning flash with arrowhead symbol within an equilateral triangle is intended to alert you to the presence of
uninsulated “dangerous voltage” within the product’s enclosure that may be of sufficient magnitude to constitute a
risk of electric shock to persons.

Le symbole de I'éclair avec la pointe de fleche dans un triangle équilatéral vise a avertir I'utilisateur que le boitier
du produit présente une « tension dangereuse » non isolée d'une amplitude suffisante pour constituer un risque
d'électrocution.

The flat surface with waves symbol within an equilateral triangle is intended to alert you to the presence of hot
surfaces which could cause burn damage.

Le symbole d’une surface plane et de vagues dans un triangle équilatéral vise a avertir I utilisateur de la présence
de surfaces chaudes qui peuvent causer des brilures.

The UV lamp within an equilateral triangle is intended to alert you to the presence of UV light within the
product’s enclosure that may be of sufficient magnitude to constitute a risk to the operator.

La lampe UV dans un triangle équilatéral vise a avertir I'utilisateur de la présence de rayonnement

UV dans le boltier du produit qui peut étre d’une amplitude suffisante pour constituer un risque pour
I'utilisateur.
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