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Getting Started

Overview

ESPPYy is an open-source package for Python that is available at https://github.com/sassoftware/
python-esppy. With ESPPYy, you can create SAS Event Stream Processing models programmatically,
connect to an ESP server, and interact with projects and their components as Python objects. These
objects include continuous queries, windows, events, loggers, SAS Micro Analytic Service modules,
routers, and analytical algorithms. ESPPy fully integrates with JupyterLab, which supports visualizing
diagrams of your ESP projects and streaming charts.

This document shows you how to use ESPPy. It steps you through two coding examples. Their
Jupyter Notebooks are available with the package. The example Python code was developed using
Python 3.6 and JupyterLab packaged with the Anaconda distribution.

One example demonstrates the functionality of ESPPy with the example to process stock trades. You
can download the XML code and associated CSV input files from the GitHub repository for SAS
Event Stream Processing Studio examples. These files are used for the example ESPPy projects
described in this document.

For more information about ESPPYy, see also the README file. Refer to the API Reference for ESPPy
as needed.

Requirements

To use ESPPy, you must have Python 3.4+ installed on your system. ESPPy works only with SAS
Event Stream Processing 5.2 or later.

To install JupyterLab, see Installing JupyterLab.

Alternatively, you can use the Anaconda platform from Continuum Analytics. Anaconda includes
Python and gives you access to JupyterLab and an extensive library of other packages and
environments. The Anaconda distribution is available at its download site.

To use SAS Micro Analytic Service modules with ESPPy, you must set two environment variables on
the computer system where you run the ESP server:

MAS_M2PATH is the full pathname to a required Python program, mas2py.py
MAS_PYPATH is the full pathname to the desired Python executable
For example:

export MAS M2PATH=/opt/sas/viya/home/SASFoundation/misc/embscoreeng/mas2py.py


https://github.com/sassoftware/python-esppy
https://github.com/sassoftware/python-esppy
http://documentation.sas.com/?docsetId=espcreatewindows&docsetVersion=v_003&docsetTarget=n1k8xb8r37aun3n1m4kqidkheh5r.htm&locale=en
https://github.com/sassoftware/esp-studio-examples/tree/main/Advanced/trades
https://github.com/sassoftware/python-esppy/blob/master/README.md
https://sassoftware.github.io/python-esppy/api.html
http://jupyter.org/install.html
https://anaconda.com/downloads

export MAS PYPATH=/usr/bin/python

For more information about SAS Micro Analytic Service, see SAS Micro Analytic Service:
Programming and Administration Guide.

Setting Up ESPPy

To install ESPPYy, follow the instructions in the project's README file.

ESPPy uses Graphviz to visualize projects as charts in JupyterLab. Download the graphviz program
from https://www.graphviz.org/download/ and install it on your system. Even though Graphviz is
required to visualize projects, ESPPy does not require Graphviz to run.

ESPPy also uses the following packages:

Matplotlib

ipympl

pandas

Requests

image

wsdpy

Plotly

ipyleaflet

Connecting to the ESP Server

To load and create SAS Event Stream Processing projects in Python, you must connect to a running
ESP server. For information about starting and using the ESP server, see “Configuring the ESP
Server in an Edge Environment” in SAS Event Stream Processing: Using the ESP Server in an Edge
Environment.

Depending on whether your ESP server runs in Kubernetes, there are different instructions for
connecting to the server. The following sections describe how to connect to either a stand-alone or
Kubernetes ESP Server.

Importing the ESPPy Module

To get ESPPy working in your JupyterLab, import the esppy module.
In[l]: import esppy
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Connecting to an ESP Server

After you start an ESP server and import the modules that you need, you can connect to a running
ESP server with the ESP constructor. The general syntax of the constructor depends on whether you
are connecting to a stand-alone or Kubernetes ESP Server.

Connecting to a Stand-alone ESP Server

Use the ESP constructor to create an ESP server object in Python that connects to a running server
with the name host and the HTTP port number port. If the server uses authentication, then also
specify the username and password:

In [2]: server = esppy.ESP("http://host:port") server

Assume that your running ESP server is named espserver and the HTTP port is 54321. The output
from the server line would be as follows:

out [2] :
ESP("http://espserver:54321")

Connecting to a Kubernetes ESP Server

Note: The following instructions assume that you have considerable experience working in a
Kubernetes environment and that a working Kubernetes environment is available and configured for
use. For more information about working in a Kubernetes environment, see SAS Event Stream
Processing: Using SAS Event Stream Processing in a Kubernetes Environment.

IMPORTANT When working in a Kubernetes environment, you must configure SAS Event
Stream Processing to access persistent volumes. Persistent volumes are required in order to
publish analytic store models from SAS Model Manager and SAS Model Studio to a SAS Micro
Analytic Service publishing destination.

For more information, see SAS Event Stream Processing: Using SAS Event Stream
Processing in a Kubernetes Environment.

1 To start a proxy that you can use to communicate with ESP servers running in Kubernetes, use
the kubectl command:

$ kubectl proxy --accept-hosts=".*" --disable-filter --v=7

2 Use the ESP constructor to create an ESP server object in Python that connects to a running
server with the HTTP port number port, namespace, and project name. If the server uses
authentication, then also specify the username and password.

In [2]: server = esppy.ESP("k8s-proxy://localhost:port/<namespaces>/<project
name>",username="<user name>", password="<password>",ca_bundle="_noverify ") server

3 (Optional) You can also specify parameters containing the model that you want to load:
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model file specifies a file containing the project XML to load.

model data specifies the model XML file.

Assume that your running ESP Kubernetes server namespace is espserver and the specified project
is trades. The output from the server line would be as follows:

Out [2] :
ESP('https://espserver.ingress-nginx.espdev-ml.espkafkabroker.sashg-r.openstack.sas.com/
SASEventStreamProcessingServer/trades')

After Connecting to an ESP Server

1 To view the server information, check the server info attribute of the server object.

In [3]: server.server info

Out [3] :
{'version': '6.2"
'engine': 'ae495037-3652-4fd8-9bb4-3701b15ab403",
'analytics-license': True,
'primary-server': True,
'pubsub': 64321,
‘http': 54321}

2 To return a list of projects on a running ESP server by project name or with a filter, use the
get_projects () method of the ESP class:

ESP.get projects([name], [filter])

3 To return a list of windows on a running ESP server by path, window type, or filter, use the
get_windows () method:

ESP.get windows ( [path], [typel, [filter])

4 If you have not loaded projects to the server, then the get projects() and get_windows ()
methods return empty dictionaries.

In [4]: server.get projects()

Oout [4]:

{}

In [5]: server.get windows ()

Out [5]:

{}



Loading Projects to Python

Load projects to a running ESP server as Python objects using the 1load project () method. The
general syntax is as follows:

ESP.load_project(project ,<name >, <overwrite=True|False >, <start=True|False >,
<start_connectors=True|False >)

To load a project, specify one of the following:
an XML string
a Project object
a local file name that contains a valid XML project definition
a string that contains a URL that points to a valid XML project definition

Consider the Processing Trades example. With the trades.xnl file in the current working directory,
you can define a variable for the XML project definition and use the variable as an input for the
load project () method.

In [6]:
project path = '<file path>trades.xml'
project xml = project path

Recall that server was defined as the variable that references the instance of the ESP class.

In [7]:
trades project = server.load project (project xml, name='trades proj')

The load project () method parses the XML in the string that is referenced by the variable
project xml and loads the XML definition as a project on the ESP server. This project object is
referenced in Python by the variable name trades project.

After the project object is created in Python and the project is loaded to the ESP server, the
get_projects () method returns a dictionary with an entry for the project on the ESP server:

In [8]:
server.get projects()

Out [8] :
{'trades proj': Project (name='trades proj')}

Note that because the get projects () method retrieves information from the ESP server, the name
of the project that is returned by get projects () corresponds to the project name that is specified for
the name attribute of the project element in the trades.xml file.

Querying the server for windows with the get_windows () method returns a dictionary with entries for
each window:

In [9]:
server.get windows ()



Out [9] :

{'trades proj.trades cq.AddTraderName': JoinWindow (name='AddTraderName',
continuous_query='trades cq',
project='trades proj'),

'trades_proj.trades cq.BySecurity': AggregateWindow (name='BySecurity', continuous_query='trades cq',
project='trades_proj'),

'trades proj.trades cq.LargeTrades': FilterWindow(name='LargeTrades', continuous query='trades cq',
project='trades proj'),

'trades_proj.trades_cqg.TotalCost': ComputeWindow(name='TotalCost', continuous_query='trades cq',
project='trades proj'),

'trades_proj.trades cq.Traders': SourceWindow(name='Traders', continuous query='trades cq',
project='trades_proj'),

'trades proj.trades cq.Trades': SourceWindow(name='Trades', continuous query='trades cq',
project='trades proj')}

Because get_windows () is also a method of the Project class, you can alternatively use

get _windows () as a method of the Project class to retrieve a dictionary of windows in a project on the
ESP server.

In [10]:
trades project.get windows ()

Out [10] :

{'AddTraderName': JoinWindow (name='AddTraderName', continuous query='trades cq',
project='trades proj'),

'BySecurity': AggregateWindow(name='BySecurity', continuous query='trades cq',
project='trades proj'),

'LargeTrades': FilterWindow(name='LargeTrades', continuous_query='trades cq',

project='trades _proj'),

'TotalCost': ComputeWindow (name='TotalCost', continuous_ query='trades cq', project='trades_proj'),
'Traders': SourceWindow(name='Traders', continuous query='trades cq', project='trades proj'),
'Trades': SourceWindow (name='Trades', continuous query='trades cq', project='trades proj')}

The components of a project are stored as Python object attributes. The queries attribute of a project
object contains the continuous query objects of the project:

In [11]:
trades project.queries

Out [11]:
{'trades cq': ContinuousQuery (name='trades cq', project='trades proj')}

The windows attribute of a continuous query object contains the window objects of the continuous
query:

In [12]:
trades project.queries['trades cq'] .windows

Out [12] :

{'Trades': SourceWindow (name='Trades', continuous query='trades cq', project='trades proj'),
'Traders': SourceWindow(name='Traders', continuous query='trades cq', project='trades proj'),
'LargeTrades': FilterWindow (name='LargeTrades', continuous_query='trades cq',

project='trades proj'),

'AddTraderName': JoinWindow (name='AddTraderName', continuous query='trades cq',
project='trades_proj'),

'TotalCost': ComputeWindow (name='TotalCost', continuous_ query='trades cq', project='trades_proj'),
'BySecurity': AggregateWindow(name='BySecurity', continuous query='trades cq',
project='trades_proj')}



Note: The get projects and get windows methods create objects that reference the projects or
windows on a running ESP server. Modifying the attributes of these objects affects only the objects in
the Python session. Changes to these objects must be loaded to the server with the 1oad project
method before the changes appear on the server.

For information about creating SAS Event Stream Processing projects in Python, see “Creating
Projects in Python”.

Using Graphviz, which is imported automatically when you import ESPPy, you can produce graphs for
all project, continuous query, and window objects:

In [13]:
trades project.queries['trades cq'l

out [13]:
trades_cq
Traders
T
AddTraderName TotalCost » BySecurity
__...--"'
Trades » LargeTrades

You can use the to_xml () method to return any project object in XML form. Use the pretty=True
argument to display the XML in the standard format. For example, running the following code returns
the XML definition that corresponds to the trades project object in standard XML format:

In [14]:
print (trades project.to_xml (pretty=True))

Creating Projects in Python

Using the Methods of the ESP, Project,
ContinuousQuery, and Window Classes

You can create a SAS Event Stream Processing project in Python using the methods of the ESP,
Project, ContinuousQuery, and Window classes.

Create a project with the create project () ESP method. Specify the name of the project that you
want to create as the project:

ESP.create_project(project)

Create continuous query objects with the add_query () Project method. The add_query () method
adds an empty continuous query to the project that you use to call the method. Specify the name of
the continuous query as the name:



project.add_query(query _name)

Each window has its own constructor method. You create window objects with the appropriate
window() method. Specify the keyword arguments specific to the window type as individual values
following the name of the window:

Window(name,<kwargs>)

You can add the window to an existing continuous query using the add _window () ContinuousQuery
method.

Consider the Processing Trades example. Start by creating a project with the create project ()
method. Remember that Graphviz, which is imported automatically when you import ESPPy,
produces graphs for created objects.

In [15]:
my project = server.create project('my proj')
my project

Out [15]:

my_proj

Create a continuous query within the project by using the add_query () method:

In [16]:
my query = my project.add query('trades cq')
my query

out [16]:

trades cq

Create a Source window for the continuous query with the SourceWindow constructor.

In [17]:
source_trades = server.SourceWindow (name='Trades',

schema=('tradeID*:string', 'security:string',
'quantity:int32"',

'price:double', 'traderID:inté4',

'time:stamp'),

index type='rbtree')
source_trades

Out [17]:
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Trades

2 tradelD : string
security : string
quantity : int32

price : double
traderID : int64
time : stamp

Add the Source window to the continuous query with the add_window () method:

In [18]:
my query.add window(source_trades)
my project

Out [18]:

my_proj

r h

trades_cq

Trades

\ L

The project my_proj contains the continuous query trades_cq, which contains the Source window
Trades.

You can use the window-specific constructors to create the remaining windows in the Processing
Trades example:

In [19]:

source traders = server.SourceWindow(name='Traders', schema=('tradeID*:string',
'name:string'))

source_traders

Out [19]:

Traders

2 tradelD : string
name : string

In [20]:
filter large = server.FilterWindow(name='LargeTrades')
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filter large.set expression('quantity >= 100')

In [21]:
join = server.JoinWindow (name='AddTraderName', type='leftouter', conditions=[['tradeID',
'tradeID']])

field selections = [['security', 'l security'], ['quantity', 'l quantity'l, ['price',
'l price'],
['traderID', 'l traderID'], ['time', 'l time']l, ['name', 'r name']]

for i in range(len(field selections)):
join.add field selection(field selections[i] [0], field selections[i] [1])

In [22]:
compute = server.ComputeWindow (name='TotalCost',
schema=('tradeID*:string', 'security:string',
'quantity:int32"',
'price:double', 'totalCost:double',
'traderID:inté64"',

'time:stamp', 'name:string'))
compute.add field expressions('security', 'quantity', 'price', 'price*quantity',
'traderID', 'time', 'name')
compute

out [22] :
TotalCost

# tradelD : string
security : string
quantity : int32

price : double
totalCost : double
traderID : int64
time : stamp
name : string

In [23]:
aggregate = server.AggregateWindow (name='BySecurity', schema=('security*:string’,
'quantityTotal:double',

'costTotal:double'))

aggregate.add field expressions('ESP_aSum(quantity)', 'ESP_aSum(totalCost)')
aggregate

Out [23]:
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BySecurity

’ security : string
quantity Total : double
costTotal : double

Connect the windows with the add_target () Window method. The add_target () method creates
edges between windows and determines the edge roles.

In [24]:

source_trades.add target(filter large, role='data')
filter large.add target(join, role='left')

source traders.add target(join, role='right')
join.add target (compute, role='data')
compute.add_target (aggregate, role='data')

Add the windows to the continuous query with the add_window () ContinuousQuery method:

In [25]:

my query.add windows (source trades, source traders, filter large, join, compute,
aggregate)

my project

Out [25]:
my_proj
trades cq
Traders data
‘H‘hﬁﬂhﬁ‘.‘ data data
data AddTraderName TotalCost » BySecurity
Trades dara LargeTrades

This project exists only locally. You now must load it to the ESP server:

In [26]:
server.load project (my project)
server.get projects()

Out [26]:
{'my proj': Project (name='my proj'),
'trades proj': Project (name='trades proj')}

As before, you can use pretty=True argument to the to_xml method to return the XML definition that
corresponds to the project:

In [27]:
print (my project.to_xml (pretty=True))
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Creating and Using Templates

Sometimes, SAS Event Stream Processing projects repeatedly include sequences of windows that
are connected in a specific way. ESPPy enables you to use sequences such as these as templates.
You can use templates to simplify your Python code and to refer to these sequences with a single
reference. You can use the built-in templates provided with ESPPy, or you can create your own
templates.

For example, suppose that you want to perform sentiment analysis on product reviews:

Figure 1 Sentiment Analysis Project

dara
wodata t [ gog = | wiveet | daa Ll w_join_t e data w_train_logis | ol
' T w_tok_t S "= k 1 ; ' . |
- - - : | w_score_logis
" ) dda | vscorelog
B W join_v

This project implements two streams of input events. Here are the windows in each stream:
A Source window (w_data) feeds a Calculate window (w_tok).
That Calculate window feeds a second Calculate window (w_vec).
The second Calculate window feeds a Join window (w_join).
The Join window also receives events from the Source window.

Both streams converge on a Score window, but the first stream trains the model before streaming
events into that Score window.

Two sequences of windows in the model can be replaced by built-in templates provided by ESPPy.

One sequence, which consists of a Calculate window for text tokenization, a Calculate window for
text vectorization, and a Join window, occurs twice. This sequence can be referenced with the
built-in TextEmbedding template.

The other sequence consists of a Train window and a Score window for streaming logistic
regression. It can be referenced with the built-in Logistic template.

The following figure depicts the same project, now showing those sequences of windows as
templates:

Figure 2 Sentiment Analysis Projects with Built-In Templates
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Here is a complete list of built-in templates provided by ESPPy:
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Table 1 Built-in Templates

Template Constituent Windows Description
TextEmbedding Two Calculate windows (w_tok, Use this template to convert
w_vec), Join window (w_join) document text into numeric vectors

(text embedding and document
embedding). The template
decomposes document text into
words, retrieves word embeddings
for each word, and aggregates
embeddings to obtain a document

embedding.
Logistic Train window (train_logis), Score Use this template to train and score
window (score logis) a streaming logistic regression

model. The template trains on a
data stream with a target. Then, it
makes binary predictions on
another data stream.

KeypointsDetection Calculate window (w_resized), Model  Use this template to determine
Reader window (w_reader), Score keypoints on streaming images.
window (w_score) The template resizes each

incoming image to the specified
width and height. It then scores
them through a pre-trained
keypoints detection model (in the
analytic store format). The output is
the coordinates (X,Y) of keypoints
on the images.

ObjectDetection Calculate window (w_resized), Model  Use this template to find bounding
Reader window (w_reader), Score boxes of objects in streaming
window (w_score) images. The template resizes each

incoming image to the specified
width and height. It then scores
them through a pre-trained object
detection model (in the analytic
store format). The output is the
bounding box locations (X, Y, W, H)
of objects in the images.

To use a built-in template, create an instance and then initialize it.

Note: The following example is for connecting to a stand-alone server other than Kubernetes. For
information about connecting to a Kubernetes ESP server, see “Connecting to a Kubernetes ESP
Server”.

esp = esppy.ESP('ESP_server url')
tl = esp.Template.TextEmbedding ('text embedding')

After you create the instance, you can check the windows that are available within the template.
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In [5]: tl.windows
Out[5]: {'w _join': JoinWindow(name="t1 w join', contquery=None, project=None), ‘'w_tok': CalculateWindow(name='t1 w tok', contquery=Non
e, project=None), 'w_vec': CalculateWindow(name="t1_w vec', contquery=None, project=None)}

The following code creates two instances of the TextEmbedding pre-built template and one instance
of the Logistic template for a sentiment review project:

proj = esp.create project ('sentiment review')

src = esp.SourceWindow (schema=('id*:int64', 'content:string', 'sentiment:string'),
index type='empty', insert only=True, autogen key=True)

tl = esp.Template.TextEmbedding ('text embedding') #1

src.add_target (t1l, role='data') #2
src.add_target (tl.windows['w_join'], role='data')

proj.windows['w data t'] = src
proj.add template(tl)

src2 = esp.SourceWindow (schema=('id*:int64', 'content:string', 'sentiment:string'),
index type='empty', insert only=True, autogen key=True)

t2 = tl.copy('t2', deep=True, internal only=True) #3

src2.add_target (t2, role='data') #4
src2.add_target (t2.windows['w_join'], role='data')

proj.windows['w_data v'] = src2
proj.add template(t2)

t3 = esp.Template.Logistic('logistic regression')# s

tl.add target (t3, role='data') #6
t2.add target (t3.windows['w score logis'], role='data')
proj.add template(t3)

1 Initialize an instance of the pre-built TextEmbedding template.

2 Add an edge between the first Source window (src) and template t1.

3 Create a copy of t1 named t2.

4 Add an edge between the second Source window src2 and template t2.
5 Initialize an instance of the pre-built Logistic template.

6 Add an edge between template t1 and template t3.

ESPPy enables you to create custom template objects. For example, you can use the following code
to define a template that performs postprocessing on sentiment analysis results:

esp = esppy.ESP('ESP_server url')
my template = esp.Template('my custom template') #1

comp_logis = esp.ComputeWindow ("w_comp logis",
schema=['id*:int64', 'sentiment:string',
'predicted y:double', 'p l:double', 'p 0:double']) #2
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comp_logis.add field expression
comp_logis.add field expression
comp_logis.add field expression
comp_logis.add field expression

"tostring(tointeger (sentiment))")
"predicted y")

"predicted y")

"l-predicted y") #3

fitstat logis = esp.calculate.FitStat('fitstat logis',
schema=('id*:int64"', 'mceOut:double'),
classLabels='0,1",
windowLength=200) # 4
fitstat logis.set inputs(inputs=('p 0:double', 'p l:double'),
responses= ('sentiment:string'))
fitstat_logis.set_outputs (mceOut="'mceOut:double')

comp_logis.add target(fitstat logis, role='data')#s
my template.add windows(comp logis, fitstat logis) #6

my template.input windows=[comp logis]
my template.output windows=[fitstat logis]
my template.input windows, my template.output windows #7

1 Create an instance of a custom template named my template.

2 Define a Compute window to calculate predicted sentiment values.

3 predicted y is the predicted P(sentiment = 1).

4 Define a Calculate window to apply fit statistics to those calculations.
5 Add an edge between the Compute and Calculate windows.

6 Add the Compute and Calculate windows to your custom template.

7 Set input_windows and output windows for your custom template.

A custom template can have multiple input windows and multiple output windows. A window or
template that connects to a custom template connects to the first input window that you specify in
input windows Or output windows.

For example, consider the following lines of code:

my template.input windows=[comp logis, comp other]
my template.output windows=[fitstat logis, fitstat_ other]

Suppose you connect win_instance to this template:
win instance.add target (my template)
In this case, win_instance connects to comp logis.
Similarly, consider the following line of code:
my template.add target(win_ instance)
Here, fitstat logis connects to win instance.

Finally, suppose that you have set up two instances of your custom template. Consider the following
line of code:

my templatel.add target (my template2)

This connects the first output window of the first template instance to the first input window of the
second template instance.
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Working with Projects in Python

Overview

After you have loaded an XML project or created a project definition, you can use different methods to
visualize, process, and analyze data in a SAS Event Stream Processing model.

Visualizing Models

Graphviz enables you to visualize objects in a SAS Event Stream Processing model.

As you have seen when loading and creating models, requesting an object in a single cell of a
Jupyter Notebook returns the Graphviz graphic visualization.

To display a graph of an object with schema, specify schema=true as an argument in the to_graph ()
method:

In [28]:
trades project['trades cqg'].to graph(schema=True)

Out [28]:
trades_cg
Traders TotalCost
Trades ID : int64 tradelD : string "
; name : string [T security : string BySecurity

tradelD : string AddTraderName quantity : int32 S
security : string price : double i pel e
quantity : int32 " totalCost : double qucacr)wﬁtlt%;'tgthld gf&gle
price : double B LargeTrades trader|D ; int64 - :
trader|D : int64 time : stamp

time : stamp name : string

To return an object of a SAS Event Stream Processing model in XML format, use the to xml ()
method:

In [29]:
print (trades_project['trades cq'] ['Traders'].to_xml (pretty=True))
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Out [29]:
<window-source name="Traders">
<schema copy-keys="false">
<fields>
<field key="true" name="ID" type="int64" />
<field key="false" name="name" type="string" />
</fields>
</schema>
</window-source>

Publishing Data to Windows

After loading or creating a project object, you can inject data directly into a Source window with the
publish events () method of the SourceWindow subclass.

window.publish_events (data , <args >)

Consider the Processing Trades example data, which contains two different Source windows that
read in data from two different data sources.

First, open the data in Python. Use the sample data files trades.csv and traders.csv that you
downloaded from the GitHub repository. With these CSV files in the current working directory, open
and read the data and assign variables to the strings.

In [30]:

trades csv = open('trades.csv') .read()
traders csv = open('traders.csv') .read()
print (trades csv)

Out [30]:
i,n,TID1234321,1ibm,1000,100.1,10002,08/Jul/2012:08:10:00.000000
i,n,TID1234322,sap,750,34.2,10003,08/Jul/2012:08:10:01.000345
i,n,TID1234323,ibm,1000,100.2,10004,08/Jul/2012:08:10:12.000001
i,n,TID1234324,1ibm,1000,100.3,10004,08/Jul/2012:08:10:13.000002
i,n,TID1234325,ibm,1000,100.4,10004,08/Jul/2012:08:10:13.000002
i,n,TID1234326,sap,1000,34.3,10003,08/Jul/2012:08:10:13.000003
i,n,TID1234327,1ibm,1000,100.3,10002,08/Jul/2012:08:10:13.000004
i,n,TID1234328,sap,1000,32,10003,08/Jul/2012:08:10:13.000005
i,n,TID1234329,ibm,1000,100,10004,08/Jul/2012:08:10:13.000006
i,n,TID1234330,sap, 90,32,10003,08/Jul/2012:08:10:13.000011
i,n,TID1234331,ibm,80,100.3,10004,08/Jul/2012:08:10:13.000012

Note that the columns of the sample trades data correspond to the schema of the Trades Source
window.

Assign variables to your Source windows:

In [31]:
w_trades = trades project['trades cq'l ['Trades']
w_traders = trades project['trades cq'l] ['Traders']

Call the publish events() method and specify your data source, in addition to any optional
arguments such as dateformat for time fields and format for data input type:

In [32]:
w_trades.publish events(trades csv, dateformat='%d/%b/%Y:
w_traders.publish events(traders csv, format='csv')

o\

H:%M:%S', format='csv')


https://github.com/sassoftware/esp-studio-examples/tree/main/Advanced/trades

The get_events () method returns a Pandas DataFrame whose data shows a snapshot of the

events stored in the window.

In [33]:

w_trades.get events()

Out [33]:
security cquantity price traderlD time

tradelD

TiD1234321 ibm 1000 1001 10002 2012-07-08 08:10:00.000000
TiD1234322 sap a0 342 10003 2012-07-08 08:10:01.000345
TiD1234323 ibm 1000 1002 10004 2012-07-08 08:10:12.000001
TID1234324 ibm 1000 100.3 10004 2012-07-08 08:10:13.000002
TID1234325 ibm 1000 1004 10004 2012-07-08 08:10:13.000002
TID1234326 sap 1000 343 10003 2012-07-08 08:10:13.000003
TID1234327 ibm 1000 100.3 10002 2012-07-08 08:10:13.000004
TID1234328 sap 1000 320 10003 2012-07-08 08:10:13.000005
TiD1234329 ibm 1000 100.0 10004 2012-07-08 08:10:13.0000086

Using Event Generators
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You can load event generators to ESPPy from XML definitions or you can create them using methods
of the EventGenerator class.

To load an event generator, start by reading in the XML definition as a string. Be sure to change the
hostname and port in the XML before loading the event generator into Python. Also be sure to specify
the publish-subscribe port in the publish-target element.

In [34]:

EventGenerator Path = 'eventgenerator.xml'

EventGenerator xml =

open (EventGenerator Path) .read()
generator xml = open('eventgenerator.xml') .read()
print (generator xml)
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Out [34]:
<event-generator name='trades generator' insert-only='true' autogen-key='false's>
<publish-target>dfESP://espserver:<pubsub-port>/trades proj/trades cq/Trades</publish-target>

<init>
<value name='ID'>0</value>
</init>
<fields>
<field name='tradeID'>if (equals (0, $tradelD), increment ($ID),increment ($tradelD))</field>
<field name='security's>randomParm('IBM', 'SAP')</field>
<field name='quantity's>random(80,1000)</field>
<field

name="'price'>if (equals($security, 'IBM'),precision(random(100,101),1),precision(random(32,35),1))</
field>
<field name='traderID'>if (equals($security, 'IBM'),randomParm(10002,10004),10003)</field>
<field name='time's>timeCurrent ()</field>
</fields>
</event-generators>

Use the EventGenerator () constructor to create the EventGenerator object:

In [35]:
trades_generator = esppy.evtgen.EventGenerator.from xml (str(generator xml))
trades_generator

Out [35]:
EventGenerator (name='trades generator', publish target='dfESP://espserver:54321/trades proj/
trades_cq/Trades')

Before the event generator can be started, it must be assigned to a project session. Define the
session attribute of the event generator to the project session where the event generator streams
events. Then save, initialize, and start the generator with the save (), initialize (), and start ()
EventGenerator methods. Note that the rate parameter of the start () method is set to inject just 10
events per second.

In [36]:

trades generator.session=trades project.session
trades generator.save ()

trades generator.initialize()

trades generator.start (rate=10)

After you start the event generator, you can retrieve events from the Trades Source window:

In [37]:
w_trades2 = trades_project['trades cq'] ['Trades']
w_trades2.get_events()

Out [37]:



security quantity price traderlD time
tradelD

100 IBM 603 101.0 10002 2018-10-11 13:48:29.579938
200 IBM 146 100.0 10004 2018-10-11 13:48:39.636398
300 SAP 336  33.0 10003 2018-10-11 13:48:49.680544
110 IBM 545 100.0 10002 2018-10-11 13:48:30.587824
210 IBM 235 101.0 10002 2018-10-11 13:48:40.641984
310 IBM 815 101.0 10002 2018-10-11 13:48:50.686137
120 IBM 459 100.0 10004 2018-10-11 13:48:31.5892107
220 IBM 473 101.0 10002 2018-10-11 13:48:41.647340
320 IBM 314 100.0 10002 2018-10-11 13:48:51.691383
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You can import StreamingChart in order to create a streaming bar chart from events as they stream
through the Aggregate window BySecurity.

In [38]:
from esppy.plotting import StreamingChart

w_BySecurity=trades project['trades cqg'] ['BySecurity"']

streamChart=w BySecurity.streaming bar('security',
Quantity Sold By Security')#1

streamChart

'quantityTotal', title='Total

1 When you specify a streaming chart, it creates an independent subscriber to the associated

window. Thus, you do not need to subscribe to that window on a separate line of code

beforehand.

Out [38]:

1080000

1040000

Total Quantity Sold By Security

IEN

>

() quantityTotal

For information about other streaming charts, including line, scatter, and pie charts, see https://
sassoftware.github.io/python-esppy/api.html?highlight=streaming%20charts#streaming-charts.


https://sassoftware.github.io/python-esppy/api.html?highlight=streaming%20charts#streaming-charts
https://sassoftware.github.io/python-esppy/api.html?highlight=streaming%20charts#streaming-charts
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Interacting with Windows as Pandas DataFrames

The subscribe () method of the Window class creates a Pandas DataFrame whose columns and
index mirror the schema of the window. This DataFrame is stored as the data attribute of the Window
object. After the DataFrame for a window has been created and stored, you can access any
DataFrame attribute and call any DataFrame method on the Window object as if it were a DataFrame.

After you use the subscribe () Window method to create a subscriber to a window, returning a
Window object displays a snapshot of the events in the window’s data attribute.

In [39]:
w_trades2.subscribe ()
w_trades2

Out [39]:

security quantity price traderlD time

tradelD
111 IEM 133 100.0 10004 2018-04-23 17:08:26
112 [EM 232 101.0 10002 2018-04-23 17:.08:26
113 IEM 821 100.0 10004 2018-04-23 17:08:26
114 [EM 449 101.0 10002 2018-04-23 17:.08:26
115 SAP 498  32.0 10003 2018-04-23 17:08:26
116 SAP 333 33.0 10003 2018-04-23 17:08:26
117 SAP 280  32.0 10003 2018-04-23 17:08:26
118 SAP 217 34.0 10003 2018-04-23 17:08:26
119 SAP BEY  32.0 10003 2018-04-23 17:08:26
120 [EM 484 101.0 10002 2018-04-23 17:.08:26
121 SAP 242 33.0 10003 2018-04-2317:08:27
122 [EM 151 101.0 10004 2018-04-23 170827
123 SAP 410  32.0 10003 2018-04-2317:08:27
124 SAP 249  33.0 10003 2018-04-23 170827

Use methods of the DataFrame class to interact with your windows as DataFrames.

In [40]:
w_trades2.info()



Out [40]:

<class 'pandas.core.frame.DataFrame'>
Index: 7142 entries, 4671 to 11913
Data columns (total 5 columns) :

security 7142 non-null object
quantity 7142 non-null inté64

price 7142 non-null floaté4
traderID 7142 non-null inté64

time 7142 non-null datetime64 [ns]

dtypes: datetime64 [ns] (1), float64 (1), inté4(2), object (1)
memory usage: 306.3+ KB

In [41]:
w_trades2.head()

Out [41]:
security quantity price traderlD time
tradelD
4761 IBM 122 101.0 10002 2018-10-11 14:44:52.930613
4762 IBM 930 101.0 10002 2018-10-11 144452930860
4763 SAP 698 33.0 10003 2018-10-11 14:44:52.830977
4764 IBEM 235 1000 10002 2018-10-11 144452931083
4765 SAP 558 35.0 10003 2018-10-11 14:44:52.931196
In [42]:

w_trades2.describe ()

Out [42]:

cquantity price traderlD

count 140.000000 140.000000 140.000000
mean 5435478571 66992857 10002957143
std 273.829450 33.593100 0.708341
min  81.000000 32.000000 10002.000000
25% 286.000000  34.000000 10002.000000
50% 522.500000 67.300000 10003.000000
75% 770.000000 100.000000 10003.000000

max 995.000000 101.000000 10004.000000

For the full Pandas API reference, see https://pandas.pydata.org/pandas-docs/stable/reference/
frame.html.


https://pandas.pydata.org/pandas-docs/stable/reference/frame.html
https://pandas.pydata.org/pandas-docs/stable/reference/frame.html
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Stopping the Event Generator

When you want to stop the generator, use the stop () method. After the event generator is stopped,
use the delete () method to remove the generator from the server:

In [43]:
trades_generator.stop()
trades_generator.delete()

Visualization Programming Obijects in
ESPPy

Overview

ESPPy provides the capability to visualize ESP models in action within a Jupyter Lab environment.
You can create various charts, an ESP model viewer, and an ESP log viewer using the following
programming objects:

ServerConnection
EventCollection
EventStream
Publisher
Stats
Log

You can use these objects to build the following visualizations:
Bar Charts
Line Charts
Time Series Graphs
Bubble Plots
Pie Charts
Maps
Gauges
Compasses
Tables

Event Stream Processing Model Viewer
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Event Stream Processing Log Viewer

Getting Started

To use the visualization objects, follow the instructions in ESPPy’s README file.

Programming Objects

ServerConnection Object

Create a ServerConnection object to create the data sources that feed visualizations. The
ServerConnection is a persistent connection to the ESP server. Create an instance of this object
through an ESP instance:

esp = esppy.ESP("http://myserver:33000")
conn = esp.createServerConnection ()

Note: To optimize connections in different types of environments (for example, Jupyter Lab), ESPPy
provides two WebSocket engines: ws4py (default) and websocket-client. The syntax for specifying
a WebSocket engine is as follows:

conn = esp.createServerConnection (websockets="websocket-client")

If you do not specify the WebSocket engine, ESPPy selects ws4py by default.

The visualization API uses this connection to communicate with the ESP server. Also, the connection
is used to monitor the health of the server. When the server goes down while the connection is active,
the API waits for the server to return. When the server comes back, all data sources are reconnected
automatically.

ServerConnection Methods

getEventCollection
Create and return an EventCollection object.

getEventCollection(path,keywordparameters)
Table 2 Parameter for getEventCollection
Parameter Description

path Specify the path to the window from which to obtain the event. Use the
format /project/contquery/window.


https://github.com/sassoftware/python-esppy/blob/master/README.md
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Table 3 Keyword Parameters for getEventCollection

Parameter Description

pagesize Specify the page size for the collection. The default value is 50.

filter Specify a functional filter for the collection.

interval Specify the time, in milliseconds, for the server to wait before delivering any

events that occurred. If not specified, the interval defaults to 1 second.

Example Code 1 Examples

brokerAlerts = conn.getEventCollection ("sec/cq/brokerAlertsAggr")
venueAlerts = conn.getEventCollection ("sec/cq/
venueAlertsAggr",filter="in($city, 'raleigh'))

getEventStream

Create and return an EventStream object. An event stream is similar to a UNIX tail of an event stream
processing window.

getEventStream(pathkeywordparameters)

Table 4 Parameter for getEventStream

Parameter Description

path Specify the path to the window from which to obtain the event. Use the format /
project/contquery/window.

Table 5 Keyword Parameters for getEventStream

Parameter Description

maxevents Specify the maximum number of events to store in the collection. The default
value is 100.

interval Specify the time, in milliseconds, for the server to wait before delivering any

events that occurred. If not specified, the interval defaults to 1 second.

Example Code 2 Example

rates = conn.getEventStream("primary/cq/counter", maxevents=20)

getPublisher
Create and return a publisher object.

getPublisher(path)
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Table 6 Required Parameter for getPublisher

Parameter Description
path Specify the path to the Source window. Use the format /project/contquery/
window.

Example Code 3 Example

publisher = conn.getPublisher ("primary/cq/rawTrades")

publishURL

Publish data from a URL into the ESP server. The URL is sent in a request to the server. The server
pulls the data from the URL and injects it into the model.

publishURL(path, url, keywordparameters)

Table 7 Required Parameters for publishURL

Parameter Description

path Specify the path to the Source window. Use the format /project/contquery/
window.

url Specify the URL from which to read event data. Event data can be in CSV,

XML, JSON, or binary format.

Table 8 Keyword Parameters for publishURL

Parameter Description

blocksize Specify the event block size to use when injecting events into the ESP
server. The default value is 1.

wait Specify true or false to indicate whether to wait until publishing is complete
in the server before the function returns a value. The default value is false.

Example Code 4 Example

conn.publishUrl ("p/cq/s", "http://myserver:9999/events.csv",wait=True)

publishDataFrame
Publish a pandas data frame to the ESP server.

publishDataFrame(path, dataframe, keywordparameters)
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Table 9 Required Parameters for publishDataFrame

Parameter Description

path Specify the path to the Source window. Use the format /project/contquery/
window.

dataframe Specify the data frame to publish.

Table 10 Keyword Parameters for publishDataFrame

Parameter Description

size Specify the number of events to send in each publish request. The default
value is 100.

blocksize Specify the event block size to use when injecting events into the ESP server.

The default value is 1.

Example Code 5 Examples

df = pandas.read csv("trades.csv", header=0)
conn.publishDataFrame ("primary/cq/rawTrades",df)

publishList
Publish a Python list to the ESP server.
publishList(path, list, keywordparameters)

Table 11 Required Parameters for publishList

Parameter Description

path Specify the path to the Source window. Use the format /project/contquery/
window.

list Specify the Python list to publish.

Table 12 Keyword Parameters for publishList

Parameter Description

size Specify the number of events to send in each publish request. The default
value is 100.

blocksize Specify the event block size to use when injecting events into the ESP

server. The default value is 1.
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Example Code 6 Examples

1 = [{uidn L "price":lO}, { nign. non, npriceu :20} , {nidu kL npriceu :30}]
conn.publishlList ("p/cg/s", 1)

getStats

Returns the Stats object for the connection
getStats()

getLog
Returns the log object for the connection

getLog()

EventCollection Object

An EventCollection is a view into a stateful window. When an EventCollection is created, it sets a
page size. This size determines the maximum number of events that are sent from the server to the
client. In addition, the server sets up an internal publish/subscribe instance to receive events for the
window. When an event is not in the current page, that event is ignored. Otherwise, the event is
delivered to the client.

Create an EventCollection through the ServerConnection object:
alerts = conn.getEventCollection ("secondary/cq/brokerAlertsAggr")

The Event Collection manages itself and delivers change events to its delegates. To receive collection
change notifications, you must register a delegate that implements the dataChanged method:

class MyDelegate (object) :
def dataChanged(self,collection,data,clear):
print ("data changed: " + str(data))

alerts.addDelegate (MyDelegate())

The dataChanged method receives the collection that changed along with the new data in the data
parameter.

EventCollection Methods

addDelegate
Add a delegate to receive collection change notifications.

addDelegate(delegate)

Table 13 Required Parameter for addDelegate

Parameter Description

delegate Specify the object to receive change notifications.
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removeDelegate
Remove a delegate from the collection.

removeDelegate(delegate)

Table 14 Required Parameter for removeDelegate

Parameter Description
delegate Specify the object to remove from the collection.
getData

Return the collection of events. The data is a dictionary of objects that represent events sorted by
event key.

getData()

setFilter

Set a functional filter to apply to events in the window.
getData(filter)

Table 15 Required Parameter for setFilter

Parameter Description

filter Specify a functional filter.

Example Code 7 Example

coll.setFilter ("gt (Sprice,200)")

load

Load the current page of events from the ESP server.
load()

first

Load the first page of events from the ESP server
first()

last

Load the last page of events from the ESP server.
first()
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next
Load the next page of events from the ESP server.

next()

prev
Load the previous page of events from the ESP server.

prev()

EventStream Object

An EventStream is a flow of events that is similar to a UNIX tail. When an event occurs in an ESP
model in the server, it is placed into the EventStream. Clients can read this stream and view the
events as they occur. When a window produces a very large number of events, you can throttle the
number of events injected into the stream by specifying maxevents and interval.

The maxevents keyword parameter limits the number of events that get put into the stream at any one
time. The interval keyword parameter specifies a time, in milliseconds, that the ESP server waits
before putting events into the stream.

Suppose that you set maxevents to 1000, and interval to 1000 ms (or 1 second). The ESP server
collects events from the publish/subscribe interface for 1 second. When more than maxevents events
occur in that interval, the oldest events are dropped and are not put into the stream. At the end of 1
second, the server puts all of the events that it has into the stream. For clients with heavy processing
duties (for example, those that render graphs), this enables the client to limit the number of events
that it must process.

When delete events are of no interest, specify ignore delete=True when you create the
EventStream. This discards any delete events received by the stream.

Create an EventStream through the ServerConnection object:
rates = conn.getEventStream("primary/cq/counter", maxevents=20)

The EventStream delivers change events to its delegates. If you want stream change notifications,
you must register a delegate that implements the dataChanged method:

class MyDelegate (object) :
def dataChanged(self, stream,data,clear):
print ("data changed: " + str(data))

rates.addDelegate (MyDelegate())

The dataChanged method receives the stream that changed along with the new data in the data
parameter.

EventStream Methods

addDelegate
Add a delegate to receive collection change notifications.

addDelegate(delegate)
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Table 16 Required Parameter for addDelegate

Parameter Description

delegate Specify the object to receive collection change notifications.

removeDelegate
Remove a delegate from the collection.

removeDelegate(delegate)

Table 17 Required Parameter for removeDelegate

Parameter Description
delegate Specify the object to remove.
getData

Return the collection of events. The data is an array of objects that represent the events.
getData()

setFilter
Set a functional filter to use on events in the window.
setFilter(filter)

Table 18 Required Parameter for setFilter
Parameter Description

filter Specify the functional filter.

Example Code 8 Example

coll.setFilter ("gt (Sprice,200)")

Publisher Object

The Publisher object enables you to publish events into an ESP source window. You can add data to
the send queue either by one or more sequences of begin (), set (), end () calls. Alternatively, you
can use the add () method that adds an object to the send queue directly. The publisher stores the
objects to be published until the publish () method is called.



Publisher Methods

begin
Initialize the current data.

begin()

set

Set a field value in the current data.

set(name, value)

Table 19 Required Parameters for set

Parameter Description

name Specify the name of the field to set.
value Specify the value of the field.

end

Close input to the current data. Then add the data to the publish list.
end()

add

Add data to the publish list.
add(data)

Table 20 Required Parameter to add

Parameter Description
data Specify the data object to add to the publish list.
publish

Publish the publish list into the Source window.
publish()

33
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Stats Object

The Stats object enables you to monitor ESP server statistics such as memory usage and CPU
usage on a per window basis.

To receive notifications when the data changes, set up a delegate object that implements the
handleStats (self, stats) method:

class MyDelegate (object) :
def handleStats(self,stats):
print ("stats changed: " + str(stats.getData()))
conn.getStats () .addDelegate (MyDelegate())

The Stats array contains CPU and window event count information for any window that meets one or
both of the following criteria:

CPU usage is greater than the minimum value.

The window event count is greater than 0. (Windows with an index of pi_EMPTY always have an
event count of 0.)

The memory information includes values for system, virtual, and resident memory currently
consumed in the ESP server.

Stats Methods

addDelegate
Add a delegate to receive Stats change notifications.

addDelegate(delegate)

Table 21 Required Parameter

Parameter Description
delegate Specify the object to receive change notifications.
setOpts

Set a Stats reporting option.
setOpts(keywordparameter)
The keywordparameter can be any one of the following:
interval - the interval, in seconds, at which the server sends data to the client.
cpu - the minimum CPU usage, in percentage, which is reported. The default value is 5.

memory - Specify true or false to determine whether to report memory usage information
(defaults to true).



counts - specify true or false to determine whether to report window event counts (defaults to

false).

config - specify true or false to determine whether to report ESP server configuration
information (defaults to false).

getData
Return the Stats information.

getData()

The returned Stats data would look something like this:

'project': 'primary',
'contquery': 'cq',
'window': 'transform',

'cpu': 100.598,
'interval': 1101676.0,
'count': O,

' key ': 'primary.cq.transform'

b Ao
'project': 'primary',
'contquery': 'cq',
'window': 'rawTrades',
'cpu': 31.9233,
'interval': 1101676.0,

'count': 0,
'_key ': 'primary.cq.rawTrades'
1
getMemoryData

Return memory information.

getMemoryData()

The returned memory data would look something like this:

'system': 386696,
'virtual': 1452,
'resident': 241

Log Object

The Log object enables you to monitor ESP server logs. In order to receive notifications when the
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Stats data changes, you must add a delegate object that implements the handlelLog (log, message)

method:

class MyDelegate (object) :
def handlelog(self, log,message) :
print ("got a log message:

" + message)
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conn.getLog () .addDelegate (MyDelegate ())

The message parameter is string containing the text of a log message.

Log Method

addDelegate

Add a delegate to receive log messages.

addDelegate(delegate)

Table 22 Required Parameter for addDelegate

Parameter Description

delegate Specify the object to receive log messages.

Creating the Visuals Instance

You need to import both esppy and visuals in order to create the graphics.

import esppy
from esppy.espapi.visuals import Visuals

The Visuals object is used to create all the charts, tables, and viewers. The keyword parameters that
you can specify when creating the Visuals instance are:

colormap - the color theme

colors - a list of colors in string format (for example,
["#89cEf0", "#O080LE", "#E0bd27", "#EE684c", "#e03531"])

border - the border around each graph. Use standard CSS syntax to set this property (for
example, border="1px solid blue").

margin - the margin, in pixels, within each graph (defaults to "Opx"). The value should be a string
with a numeric value followed by 'px' (for example, margin="10px").

You can specify a color theme for the instance upon creation. These colors are used to render any of
the graphics created by the instance.

Table 23 Color Themes

Theme Elements

Plotly color scales Blackbody
Bluered
Blues

Earth



Theme Elements

Electric
Greens
Greys
Hot

Jet
Picnic
Portland
Rainbow
RdBu
Reds
Viridis
YIGnBu
YIOrRd

Matplotlib color maps Refer to the documentation.

SAS Color Themes sas_base
sas_corporate
sas_dark
sas_highcontrast
sas_ignite
sas_inspire
sas_light
sas_marine
sas_midnight
sas_opal
sas_sail
sas_snow
sas_umstead

sas_hcb

The call to create the Visuals instance looks something like this:

visuals = Visuals(colormap="sas_corporate", border="2px solid blue",margin=5)


https://matplotlib.org/3.1.0/tutorials/colors/colormaps.html
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Creating Charts

Overview

After you have an active server connection active and you have created your Visuals instance, you
can include charts in your JupyterLab. Invoke the appropriate chart creation method, and then use
the name of the chart when and where you want to display it:

Bar Charts

Use a bar chart to plot multiple numeric variables on X and Y axes.

Bar Chart

300
M total

W restrictedTrades
250

Joe Curt John Lisa Sally

Use code like the following to create a bar chart:

violationChart = visuals.createBarChart (alerts,y=["total", "restrictedTrades"],
title="Violation Alerts by Broker")

Table 24 Parameters for Bar Charts

Parameter Description
datasource Specify the event collection or event stream that feeds the bar chart.
x Specify an array of classification field values to display on the X axis. If you do

not specify a value for x, event key values are used.

y Specify an array of numeric field values to display on the Y axis (or X axis,
depending on the value of orientation).

orientation Specify the orientation of the chart. Valid values are vertical(default) and
horizontal.
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Parameter Description

title Specify a title for the chart.

Line Charts

Use a line chart to plot multiple numeric variables on the Y axis.

Line Chart
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restrictedTrades
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Use code like the following to create a line chart:

rateChart =
visuals.createLineChart (eventRate,y=["totalRate","intervalRate"],title="Event Rate")

Table 25 Parameters for Line Charts

Parameter Description
datasource Specify the event collection or event stream that feeds the line chart.
x Specify an array of classification field values to display on the X axis. If you do

not specify a value for x, event key values are used.

y Specify an array of numeric field values to display on the Y axis.

line width Specify the width of lines in the chart, in pixels. The default value is 2.

curved Specify whether the lines are curved. Valid values are true or false (lines are
straight).

fill Specify whether the lines are filled underneath. Valid values are true or
false.

title Specify the title of the chart.
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Time Series Graphs

Specify a time series graph to plot multiple numeric variables on the Y axis with a date or time
variable on the X axis.

Time Series
900k = totalRate
=== intervalRate
800k /\
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600k \/_
500k
400k
300k
200k
100k
19:32:12 19:32:13 19:32:14 19:32:15 19:32:16 19:32:17
Aug 14, 2019

To use this graph, you must specify a field value that is either a date or timestamp. Use code like this
to create a time series graph:

rateChart = visuals.createTimeSeries (eventRate,time="_timestamp",
y=["totalRate", "intervalRate"],title="Event Rate")

Table 26 Parameters for Time Series Graphs

Parameter Description

datasource Specify the event collection or event stream that feeds the time series chart.
time Specify a field value of type date or timestamp.

y Specify an array of numeric field values to display on the Y axis.

line width Specify the width of lines in the chart, in pixels. The default value is 2.
curved Specify whether the lines are curved. Valid values are true or false (lines

are straight).

fill Specify whether the lines are filled underneath. Valid values are true or
false.

title Specify the title of the chart.



Pie Charts

Use a pie chart to represent a numeric value as a slice of the pie.

Pie Chart

Use code like the following to create a pie chart:

a1

Curt
Lisa
Joe
Sally
John

brokerChart = visuals.createPieChart (brokerAlerts,value="total",title="Broker Alerts")

Table 27 Parameters for Pie Charts

Parameter Description

datasource Specify the event collection or event stream that feeds the pie chart.
value Specify the field value to display in the pie.

title Specify the title of the chart.

Bubble Plots

Use a bubble plot to represent multiple numeric values as vy, size, and color visualizations.
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Bubble Chart
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Use code like the following to create a bubble plot:

brokerChart =
visuals.createBubbleChart (brokerAlerts,y="restrictedTrades",size="total",color="£frontR
unningSell", title="Broker Alerts")

Table 28 Parameters for Bubble Plots

Parameter Description
datasource Specify the event collection or event stream that feeds the bubble plot.
x Specify an array of classification field values to display on the X axis. If you

do not specify a value for x, event key values are used.

y Specify the field values to display on the Y axis.

size Specify the field value to use for the size of each bubble.
color Specify the field value to use for the color of each bubble.
title Specify the title of the chart.

Maps

The map chart uses the Jupyter widget ipyleaflet to display a map that is overlaid with markers that
represent event data. You can display circles or polygons on the map.
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To add a circle, you must call the addcircles method with an EventCollection object that contains
events with the circle data. Use the following keyword parameters:

lat - the field representing the latitude of the circle

lon - the field representing the longitude of the circle

radius - the field representing the radius of the circle

text - the field that contains text to display when the user clicks on the circle

To add a polygon, you must call the addpPolygons method with an EventCollection object that contains
events with the shape data. Use the following keyword parameters:

coords - the field that contains a space-separated list of latitude and longitude points in the
polygon

text - the field that contains text to display when the user clicks on the polygon

order - the sequencing of the points. When lat_lon (default), the points are in latitude,longitude
order. When lon_1lat, the points are in longitude,latitude order.

Use code like the following to create a map chart:
venueMap = visuals.createMap (venueAlerts,lat="1lat",lon="1lon", size="count",

color="count",title="Venue Alerts")

Table 29 Parameters for Map Charts

Parameter Description

datasource Specify an event collection or event stream to feed the map chart.

lat Specify the field value that contains the latitude.

lon Specify the field value that contains the longitude.

size Specify either the field value to use to derive the size of each marker or a

numeric value for fixed size markers.

color Specify either the field value to use to derive the color of each marker or a
fixed color.
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Parameter

colormap

colors

color_range

popup
marker border
marker opacity

zoom

center

tracking

circle border width

circle border color

circle fill color

circle fill opacity

poly border width

poly border color

poly fill color

poly fill opacity

Description

Specify the color theme to use to color markers. Use this or colors, but not
both.

Specify a list of colors to use to color markers (for example,
["#89c££0", "#0080££", "#£0bd27", "#E£684c", "#e03531"]. Use this or
colormap, but not both.

Specify the start and end values against which the data values are compared
to derive a color. When this is not set, the minimum and maximum data values
are used as the range.

Specify the field values to display when the user clicks on a marker.
Specify true or false to determine whether markers have borders.
Specify a value between 0 and 1 to determine marker opacity.

Specify a value between 1 and 18 for the initial zoom value for the map. The
default value is 12.

Specify a (1at,lon) pair to use as the center of the map. The default value is
(0,0).

Specify true or false to determine whether the map moves such that the
initial marker is always in the center.

Specify a numeric value for the width of circle borders, in pixels. The default
value is 1.

Specify the color to use for circle borders. The default value is black.
Specify the color to use for circle interiors. The default value is white.

Specify a numeric value for the opacity of circle interiors. The default value
is .2.

Specify a numeric value for the width of polygon borders, in pixels. The default
value is 1.

Specify the color to use for polygon borders. The default value is black.
Specify the color to use for polygon interiors. The default value is white.

Specify a numeric value for the opacity of polygon interiors. The default value
is .2.

The following code generates a map of Paris and adds custom shapes to it:
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paris =
visuals.createMap (tracker,lat="GPS latitude",lon="GPS longitude",size=10,color="speed"
,color range=(0,50),

title="Paris", popup=["vehicle", "speed"],marker border=False,

colors=["#e03531", "#ff684c", "#£0bd27", "#51b364", "#8ace7e"],
zoom=15, tracking=True, center=(48.875,2.287583))

paris.addCircles(circles,lat="POI_y",lon="POI x",radius="POI_radius", text="POI desc")
paris.addPolygons (polygons, coords="poly data",text="poly desc",order="lon lat")

Paris
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Gauges

Use gauges to display a single numeric value in a graphic divided into segments.
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For each event, a gauge is displayed that shows the specified numeric value of the event and a
pointer that shows where that value lies in the specified range. The key value of the event is
displayed at the top of the gauge with the current gauge value.

When you specify a single gauge color, it applies to the leftmost segment. The remaining segments
are colored with an increasingly darker shade of the specified color. Alternatively, you can specify a
color palette that is applied in the segments left to right.

Use code like this to create gauges:
colors = ["#8ace7e","#51b364", "#f0bd27", "#ff684c", "#e03531"]
gauge =

visuals.createGauge (broker, segments=5,value="total",size=300, shape=80, range=(0,1000),
columns=3,colors=colors, label="Total Alerts")

Table 30 Parameters for Gauges

Parameter Description

datasource Specify an event collection or event stream to feed the gauges.

segments Specify the number of segments to display in the gauge. The default value is
3.

value Specify the field value that contains the numeric value to display in the gauge.

size Specify the pixel size of the gauge. The default value is 300.



Parameter

shape

range

columns

color

colors

line width

title

Compasses
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Description

Specify a numeric value between 40 and 89 that determines how much of the
circle is occupied by the gauge. The default value is 50.

Specify the start and end values for the range displayed in the gauge. The
default value is (0,100).

Specify the number of columns to display. The default value is 3.

Specify the color to use for the leftmost segment in the gauge. The remaining
segments are colored with a darker gradient of this value.

Specify a color palette to display in the gauge.
Specify the pixel width of the lines used to draw the gauge.

Specify the chart title.

Use a compass to display a numeric value that represents a navigational heading.
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Compass
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Use code like this to create a compass:

compass =
visuals.createCompass (broker,heading="total",size=300,title="Compass", columns=3,

reciprocal color="#e8e8e8", heading color="#89cff0",
outer color="#89cff0",bg color="#£8£8£8",line width=1)

Table 31 Parameters for Compasses

Parameter Description

datasource Specify the event collection or event stream that feeds the compass.

heading Specify the field value that contains the navigational heading to display in the
compass.

size Specify the pixel size of the gauge. The default value is 300.

columns Specify the number of columns to display. The default value is 3.

heading color Specify the color to use for the heading arrow. The default value is #89c££0.
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Parameter Description

reciprocal color Specify the color to use for the opposite arrow angle. The default value is
white.

bg_color Specify the color to use for the center of the compass. The default value is
#£8£8£8.

outer_ color Specify the color to use for the outer circle of the compass. The default value
is #89cf£0.

line width Specify the pixel width of the lines used to draw the gauge. The default value
is 1.

title Specify the chart title.

Images

You can use the Images component to display event image data.
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When object detection data exists in the event, the Images component displays annotations inside
the image that denote the contained objects.

Use code like this to display images.

images = visuals.createlmages (stream,image="_image ",
image width=400,
image height=400,
orientation="horizontal",
image border="2px solid blue",
label color="white")

Table 32 Parameters for Images

Parameter Description

datasource Specify the event collection or event stream that feeds the image data.
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Parameter Description

image Specify the field value that contains the image data to display in the
component.

image width Specify the display width of each image. The default value is 300.

image height Specify the display height of each image. The default value is 300.

orientation Specify the orientation of the images, vertical (default) or horizontal.

image border Specify the border around each image. Use standard CSS syntax (for

example, border="1px solid blue".

label color Specify the color to use for the labels displayed when object detection data is
present in the image.

title Specify the chart title.

Tables

You can display as many event fields as you choose within a table. If you do not specify a set of
values, all event fields are displayed.

Broker Alerts

brokerMame frontRunningBuy frontRunningSell openMarking closeMarking restrictedTrades total
Joe 45 73 85 0 35 238
R I T I I
John 20 50 90 15 35 210
e ™ I T I N
Sally 25 53 75 15 55 223

Use code like the following to create tables.

table =
visuals.createTable (brokerAlerts,values=["brokerName", "total", "restrictedTrades"],
title="Broker Alerts")

Table 33 Parameters for Tables
Parameter Description
datasource Specify the event collection or event stream that feeds the table.

values Specify the event fields to be displayed in the table.



Parameter

title
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Description

Specifies the chart title.

Event Stream Processing Model Viewer

The Model Viewer displays a graphical representation of the model in the form of a directed graph.
You can view as many attributes of each window as you choose. Some model attributes are dynamic
and some are static. The Model Viewer also displays ESP server memory usage information. System
memory, virtual memory, and resident memory information is displayed above the directed graph.
This information changes as the model processes the event stream.

Projects = secondary

System Memory: 386696

v cpPuU Counts Types Indices Schema

Virtual Memory: 3640  Resident Memory: 2411

frontRunningSell
cpu: 0
count: 0 venueAlertsAggr
cpu:
frontRunningBuy count: 10
cpu: 0
count: 0 brokerAlerts brokerAlertsAggr
cpu: 0 cpu: 0
restrictedTrades EOLICHNO gount 2
cpu: 0
count: 0 violations violationCounts
cpu: 0 cpu:
openMarking count: 0 count: 5
cpu: 0
count: 0
closeMarking
cpu: 0
count: 0

Use code like the following to create a model viewer:

viewer = visuals.createModelViewer (conn, cpu=True, counts=True,

type=False, index=False, cpu_color="1lightblue")

Table 34 Parameters for the Model Viewer

Parameter

cpu

counts

type

index

Description

Display the CPU usage of the window.

Display the number of events currently in the window.
Display the window type.

Display the window index type.
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Parameter Description

schema Display the window index type.

cpu_color Use a color gradient that begins with the specified value to color models
nodes by CPU usage.

By default, the model viewer displays all projects running in the ESP server. However, if you want to

focus on a specific project, then specify that before displaying the model viewer:

E

viewer =
visuals.createModelViewer (conn, cpu=True, counts=True, type=False, index=False, cpuColor=Tr
ue)

viewer.project = "primary"

viewer

vent Stream Processing Log Viewer

Use the Log Viewer object to view a live ESP server log. Messages appear at the same time that they
appear on the console. The Log Viewer displays the most recent log messages at the top.

2019-08-14 2@:53:58 - [Info:./src/Http.cpp:1359]1{@359cc5e-1d93-4ffd-8294-463cBbf3dabc) [XMLServeroo0l] websocket start: /logs

status: 200

2p19-88-14 20:53:58 - [Info:./src/Http.cpp:1359]1{@359cc5e-1d93-4ffd-8294-463cBbf3dabc)} [XMLServeroe0l] websocket start: /logs

2019-08-14 2@:53:58 - [Debug:./src/Http.cpp:1320]1{@359cc5e-1d93-4fd-8294-463cBbf3dabc) [XMLServereoal
HTTP/1.1 181 Switching Protocols

Upgrade: websocket

Connection: Upgrade

Sec-WebSocket-Accept: nlcEaKB3bTxkzWTP4YSjoxaYrmg=

2019-08-14 2@:53:58 - [Debug:./src/Http.cpp:12321{@359cc5e-1d93-4ffd-8294-463cBbf3dabc) [XMLServereoal
— start request —

method: get

request: ws://espsrv@l.unx.sas.com:54008/eventStreanProcessing/vl/logs
—- start headers —

connection: Upgrade

host: espsrv@l.unx.sas.com:54000

origin: ws://espsrv@l.unx.sas.com:54000

sec-websocket—key: x14Cagn7Eu5520t0/YIIHA=—

sec-websocket-version: 13

upgrade: websocket

—— end headers —-

— end request ——

2019-08-14 20:53:58 - [Info:./src/Http.cpp:1359]1{0359cc5e-1d93-4ffd-8294-463cBbf3dabc) [XMLServeroe0l] websocket start: /logs

Filter Set Clear

Use code like this to create a log viewer:

visuals.createLogViewer (conn,height="600px",filter="")
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Table 35 Parameters for a Log Viewer

Parameter Description

conn Specify the connection object.

height Specify the height of the log viewer (for example, "500px"). The default value
is "200px".

filter Specify a filter to use on log entries. When set, you get a text field in which

you can change the filter.

Laying Out Visualizations

You can use the HBox and VBox widgets of ipywidget to layout your visualizations.

The HBox is a horizontal box. When you add visualizations to an HBox, they appear in the cell from left
to right.

The HBox is a vertical box. When you add visualizations to a VBox, they appear in the cell from top to
bottom.

For example:

import ipywidgets as widgets

brokerChart = visuals.createBubbleChart (brokerAlerts,
y="restrictedTrades",
size="total",
color="frontRunningSell",
title="Broker Alerts")

venueMap = visuals.createMap (venueAlerts,
lat="1lat",
lon="1lon",
size="count",
color="count",
title="Venue Alerts",
marker opacity=.6,
base color="#F98E85",
marker border=False,
center=(39,-98),
zoom=4,
popup=["city", "count"],
sizes=(1,50))

brokerBar = visuals.createBarChart (brokerAlerts,
orientation="horizontal",
y=["total", "restrictedTrades"],
title="Broker Alerts")

colors = ["#e03531","#ff684c", "#£0bd27", "#51b364", "#8aceT7e"]
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intervalRate = visuals.createGauge (rates,
segments=5,
value="intervalRate",
size=300,
shape=80,
colors=colors,
title="Interval Rate",
range=(0,1000000),
width="30%")

totalRate = visuals.createGauge (rates,
segments=5,
value="totalRate",
size=300,
shape=80,
colors=colors,
title="Total Rate",
range=(0,1000000),
width="30%")

table = visuals.createTable (brokerAlerts,
title="Broker Alerts",
values=["brokerName", "total"],
color="total",
start_color="#CFFBF3",
width="40%")

widgets.VBox ([widgets.HBox ( [intervalRate, totalRate, table]),
widgets.HBox ( [brokerChart,brokerBar] ), venueMap])

That code produces a layout like this:
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