
SAS® Event Stream Processing 
6.2: Tutorials and Examples

Streaming Data versus Static Data
View the slideshow in SAS Help Center.

What is an Event?
View the slideshow in SAS Help Center.

What is an Event Stream Processing Model?
View the slideshow in SAS Help Center.

Model Components
View the slideshow in SAS Help Center.
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Using Connectors and Adapters to Publish and 
Subscribe
View the slideshow in SAS Help Center.

Filtering Events
Filter windows use expressions, user-defined functions (global functions), and registered plug-in 
functions to determine what input events are allowed to stream through. For more information, see 
SAS Event Stream Processing: Using Source and Derived Windows

Consider the following continuous query:

Figure 1 Source Window Streaming Events into a Filter Window

At the top of the query is a Source window named Trades that streams data about securities 
transactions. A file and socket connector is established to publish events into the Trades window from 
a file named trades.csv in the data directory:

<window-source name='Trades' index='pi_RBTREE'> 
       <schema>
           <fields>
               <field name='tradeID' type='string' key='true'/>
               <field name='security' type='string'/>
               <field name='quantity' type='int32'/>
               <field name='price' type='double'/>
               <field name='traderID' type='int64'/>
               <field name='time' type='stamp'/>
           </fields>
       </schema>
       <connectors>   
            <connector class="fs" name="publisher">  
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              <properties>
                <property name="type">pub</property>
                <property name="fstype">csv</property>
                <property name="fsname">/data/trades.csv</property>
                <property name="transactional">true</property>
                <property name="blocksize">1</property>
                <property name="dateformat">%d/%b/%Y:%H:%M:%S</property>
              </properties>
            </connector>
        </connectors>
</window-source>
</windows>

A Filter window named LargeTrades is established to receive events from the Trades window. It filters 
out events that involve fewer than 100 shares.

<window-filter name='LargeTrades'>
       <expression>quantity >= 100</expression>
</window-filter>

Edges connect the windows.

<edges>
           <edge source='Trades' target='LargeTrades'/> 
  </edges>

Suppose that the following input streams through the Source window:

Figure 2 Input to the Trades Source Window

Here are the events that stream from the Filter window:
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Figure 3 Output from the LargeTrades Filter Window

This set of windows is one component of the example that is available in $DFESP_HOME/
examples/xml/trades_xml.

Using Join Windows
A Join window receives events from a left input window and a right input window. It produces a single 
output stream of joined events. Joined events are created according to a user-specified join type and 
user-defined join conditions. For more information, see SAS Event Stream Processing: Using Source 
and Derived Windows.

Consider the following continuous query:

Figure 4 Continuous Query That Uses a Simple Join
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At the top of the query is a Source window named Trades that streams data about securities 
transactions. A file and socket connector is established to publish events into the Trades window from 
a file named trades.csv in the data directory:

<window-source name='Trades' index='pi_RBTREE'> 
       <schema>
           <fields>
               <field name='tradeID' type='string' key='true'/>
               <field name='security' type='string'/>
               <field name='quantity' type='int32'/>
               <field name='price' type='double'/>
               <field name='traderID' type='int64'/>
               <field name='time' type='stamp'/>
           </fields>
       </schema>
       <connectors>   
            <connector class="fs" name="publisher">  
              <properties>
                <property name="type">pub</property>
                <property name="fstype">csv</property>
                <property name="fsname">/data/trades.csv</property>
                <property name="transactional">true</property>
                <property name="blocksize">1</property>
                <property name="dateformat">%d/%b/%Y:%H:%M:%S</property>
              </properties>
            </connector>
        </connectors>
</window-source>
</windows>

A Filter window named LargeTrades receives events from the Trades window. It filters out any event 
that involves fewer than 100 shares.

<window-filter name='LargeTrades'>
       <expression>quantity >= 100</expression>
</window-filter>

A second Source window named Traders streams data about who performs those transactions. A file 
and socket connector is established to publish events into the Traders window from a file named 
traders.csv in the data directory:

<window-source name='Traders'> 
      <schema>
          <fields>
              <field name='ID' type='int64' key='true'/>
              <field name='name' type='string'/>
          </fields>
      </schema>
     <connectors> 
            <connector class="fs" name="publisher"> 
              <properties>
                <property name="type">pub</property>
                <property name="fstype">csv</property>
                <property name="fsname">/data/traders.csv</property>
                <property name="transactional">true</property>
                <property name="blocksize">1</property>
              </properties>
            </connector>
        </connectors>
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</window-source>

A Join window named AddTraderName matches filtered transactions from the first Source window 
with their associated traders from the second. The match conditions in conditions tag match 
traderID values in the transactions source to ID values in the traders source.

<window-join name='AddTraderName'>
       <join type="leftouter">
           <conditions>
               <fields left='traderID' right='ID' />
           </conditions>
       </join>
       <output>
           <field-selection name='security' source='l_security'/> 
           <field-selection name='quantity' source='l_quantity'/>
           <field-selection name='price' source='l_price'/>
           <field-selection name='traderID' source='l_traderID'/>
           <field-selection name='time' source='l_time'/> 
           <field-selection name='name' source='r_name'/>
       </output>
</window-join>

By default, this join order is determined through the specification of edges. The left window is the first 
window that is defined as a connecting edge to the Join window. The right window is the second 
window that is defined as a connecting edge.

<edges>
                        <edge source="LargeTrades" target="AddTraderName"/> <!-1-->
           <edge source='Traders' target='AddTraderName'/> <!-2-->
           <edge source='Trades' target='LargeTrades'/> 
</edges>

Suppose that the following input streams through the Source window:

Figure 5 Input to the Trades Source Window

Here are the events that stream from the Filter window:
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Figure 6 Output from the LargeTrades Filter Window

Now suppose that these events stream through the Traders Source window:

Figure 7 Input into the Traders Source Window

Here is the result of matching filtered transactions from the first Source window with their associated 
traders from the second:

Figure 8 Output from the AddTraderName Join Window

This set of windows is one component of the example that is available in $DFESP_HOME/
examples/xml/trades_xml.
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Using SAS Micro Analytic Service Modules
A SAS Micro Analytic Service (MAS) module is essentially a named block of code that you execute 
within a model. This block, which you define at the project level, can contain one or more functions. 
You define a MAS map in a Calculate window to bind a function to any of its input windows. This 
binding acts as the input handler for the Calculate window.

Consider the following continuous query:

Figure 9 Continuous Query Containing a Source Window Streaming into a Calculate Window

The Source window Trades contains a schema that specifies the fields that define the structure of 
incoming events. Events stream into the Source window through a file and socket publisher 
connector. The input data is contained in a file named input.csv in the current working directory.

<window-source name='Trades' index='pi_RBTREE'>
          <schema>
            <fields>
              <field name='tradeID' type='string' key='true'/>
              <field name='security' type='string'/>
              <field name='quantity' type='int32'/>
              <field name='price' type='double'/>
              <field name='traderID' type='int64'/>
              <field name='time' type='string'/>
            </fields>
          </schema>
          <connectors>
            <connector class='fs' name='pub'>
              <properties>
                <property name='type'>pub</property>
                <property name='fstype'>csv</property>
                <property name='fsname'>input.csv</property>
                <property name='blocksize'>1</property>
              </properties>
            </connector>
          </connectors>
        </window-source>
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A MAS module named module_1 is defined at the project level. It contains a function named 
compute_total written in Python. The Python code for compute_total is specified within the <code> 
element of the module. This function acts as the input handler for all events that are passed from the 
input window to the Calculate window.

<mas-modules>
    <mas-module language="python" module="module_1" func-names='compute_total' >
      <code>
        <![CDATA[
         def compute_total(quantity, price):
             "Output: total"
             total = quantity * price
         return total
        ]]>
      </code>
    </mas-module>
  </mas-modules>

Data relevant to the security being traded, the quantity of shares, the current prices, and the person 
who performed the trade are streamed into the Calculate window named pw1. (Before SAS Event 
Stream Processing 5.2, support for MAS modules was provided through the Procedural window.) At 
the map level of the Calculate window, the window map binds the compute_total function of module_1 
to the input window.

 <window-calculate name='pw1' algorithm='MAS'>
          <schema>
            <fields>
              <field name='tradeID' type='string' key='true'/>
              <field name='security' type='string'/>
              <field name='quantity' type='int32'/>
              <field name='price' type='double'/>
              <field name='traderID' type='int64'/>
              <field name='time' type='string'/>
              <field name='total' type='double'/>
            </fields>
          </schema>
          <mas-map>
            <window-map module="module_1" revision="0" source="Trades" function="compute_total"/>
          </mas-map>
 </window-calculate>

Edges connect the Source window to the Calculate window.

<edges>
        <edge source='Trades' target='pw1' role='data'/>
</edges>

Suppose that you stream the following events through the Source window:
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Figure 10 Events That Stream Through the Trades Window

Here are the resulting events from the Calculate window:

Figure 11 Results From the Calculate Window

For more information about using MAS modules in Calculate windows, see SAS Event Stream 
Processing: Using Streaming Analytics.

Using Functional Windows to Monitor Stock 
Trades
Suppose that you had stock trade information streaming into an event stream processing model. You 
want to generate an event anytime that a huge trade (> 150000 shares) takes place during the first or 
last 15 minutes of the trading day.

Your model includes the following Source window:

<window-source name='source' insert-only='true'>
   <schema>
      <fields>
         <field name='id' type='int32' key='true'/>
         <field name='symbol' type='string'/>
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         <field name='currency' type='int32'/>
         <field name='time' type='int64'/>
         <field name='msecs' type='int32'/>
         <field name='price' type='double'/>
         <field name='quant' type='int32'/>
         <field name='venue' type='int32'/>
         <field name='broker' type='int32'/>
         <field name='buyer' type='int32'/>
         <field name='seller' type='int32'/>
         <field name='buysellflg' type='int32'/>
      </fields>
   </schema>
</window-source>

You stream events from the Source window into a Filter window to obtain huge trades:

<window-filter name='hugeTrades'>
   <expression><![CDATA[quant>150000]]></expression>
</window-filter>

That data flows into the Functional window, where the functions are defined using the 
timeString,precision,quotient, and timeSecondOfDay support functions:

<window-functional name='transform'>
   <schema>
      <fields>
         <field name='id' type='int32' key='true'/>
         <field name='symbol' type='string'/>
         <field name='timeString' type='string'/>
         <field name='hourOfDay' type='double'/>
         <field name='quant' type='int32'/>
      </fields>
   </schema>
   <function-context>
      <functions>
         <function name='timeString'>
            timeString($time)
         </function>
         <function name='hourOfDay'>
            precision(quotient(timeSecondOfDay($time),3600),2)
          </function>
      </functions>
   </function-context>
</window-functional>

Several fields in are defined in the schema of the Functional window. However, functions are defined 
only for a few fields. The remaining fields are copied from the input event.

You include functions to do the following things: format a time into a readable form in the timeString 
field, and then calculate a floating-point value representing the hour of the day on which the trade was 
made.

<function name='hourOfDay'>
          precision(quotient(timeSecondOfDay($time),3600),2)
       </function>

This function produces a floating-point value that you can stream to a filter in order to get early and 
late huge trades.

<window-filter name='earlyTrade'>
   <expression><![CDATA[hourOfDay<9.75]]></expression>
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</window-filter>

<window-filter name='lateTrade'>
   <expression><![CDATA[hourOfDay>15.75]]></expression>
</window-filter>

Running several million trades through the model generates output like the following:

<event opcode='insert' window='project/query/earlyTrade'>
   <value name='hourOfDay'>9.73</value>
   <value name='id'>11847604</value>
   <value name='quant'>1000000</value>
   <value name='symbol'>NOK</value>
   <value name='timeString'>Wed Aug  4 09:43:48 2010</value>
</event>

<event opcode='insert' window='project/query/lateTrade'>
   <value name='hourOfDay'>15.81</value>
   <value name='id'>16739499</value>
   <value name='quant'>270400</value>
   <value name='symbol'>TXT</value>
   <value name='timeString'>Wed Aug  4 15:48:47 2010</value>
</event>

Notification Window Examples

Building a Streaming Performance Monitor
Suppose that you want to stream a Counter window into a Filter window in order to check whether 
total throughput rate has dropped below 130,000 events per second. When that condition occurs, the 
event streams into a notification window that sends an SMS text message alerting someone of the 
slow streaming condition.

Here is the counter window:

<window-counter name='counter' 
                       count-interval='2 seconds' 
                       clear-interval='30 seconds'/>

It feeds the following Filter window:

<window-filter name='poorPerformance'>
   <expression><![CDATA[totalSeconds > 10 and totalRate<130000]]></expression>
</window-filter>

Note that the totalSeconds > 10. You anticipate clocking slower rates as the data begins to stream.

Next, feed the event that indicates poor performance into a Notification window:

<window-notification name='reportPerformance'>
   <smtp host='mailhost.fyi.sas.com' />
   <delivery-channels>
      <sms test='false' throttle-interval='2 hours'>
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         <sms-info>
            <sender>brenda.doe@orion.com</sender>
            <from>ESP_Trade_Monitor</from>
            <subject>Slow Streaming</subject>
            <gateway>txt.att.net</gateway>
            <phone>5556466705</phone>
         </sms-info>
         <sms-contents>
            <text-content>
                The trade streaming has become very slow. 
                It is only processing $totalRate trades per second after running 
                for $totalSeconds seconds.
            </text-content>
         </sms-contents>
      </sms>
   </delivery-channels>
</window-notification>

You do not need extra schema or function context in this example. All the information you want to 
send is in the input event. The event generated by a counter window that looks like this:

<event opcode='upsert' window='project/query/counter'>
   <value name='input'>source</value>
   <value name='intervalCount'>283473</value>
   <value name='intervalRate'>141736</value>
   <value name='intervalSeconds'>2</value>
   <value name='totalCount'>782662</value>
   <value name='totalRate'>130444</value>
   <value name='totalSeconds'>6</value>
</event>

Grab the totalRate field and send it in an SMS text message along with the number of seconds that 
events have been streaming. The recipient gets an SMS text message with this data.

Catching Front Running Traders
The following example catches stock traders when they attempt front running buys. A broker caught 
in the act is sent an email, an SMS text message, and an MMS message. The message includes 
graphic details of the trades involved in the violation, and for the channels that permit graphics, 
contains an image of someone in a jail cell. All relevant message routing information is included in the 
broker dimension data:

i,n,1012112,Frodo,ESP,940 Orion Suite 201 Cary NC 27513,,frodo.doe@orion.com,5556466705,txt.att.net,mms.att.net

i,n,1012223,Sam,ESP,940 Orion Suite 201 Cary NC 27513,,sam.doe@orion.com,5556466706,txt.att.net,mms.att.net

i,n,1012445,Pippin,ESP,940 Orion Suite 201 Cary NC 27513,pippin.doe@orion.com,5556466707,txt.att.net,mms.att.net

i,n,1012334,Merry,ESP,940 Orion Suite 201 Cary NC 27513,merry.doe@orion.com,5556466708,txt.att.net,mms.att.net

i,n,101667,Gandalf,ESP,940 Orion Suite 201 Cary NC 27513,gandalf.doe@orion.com,5556466709,txt.att.net,mms.att.net

i,n,1012001,Aragorn,ESP,940 Orion Suite 201 Cary NC 27513,aragorn.doe@orion.com,5556466710,txt.att.net,mms.att.net

Note that the last four fields contain the email, phone number, and SMS and MMS gateways for each 
broker.

First, data streams into the model through a Source window.

<window-source name='brokersSource' insert-only='true'>
   <schema-string>broker*:int32,brokerName:string,brokerage:string,
                  brokerAddress:string,brokerPhone:string,email:string,
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                  smsGateway:string,mmsGateway:string</schema-string>
   <connectors>
      <connector class='fs'>
         <properties>
            <property name='type'>pub</property>
            <property name='fstype'>csv</property>
            <property name='fsname'>data/brokers.csv</property>
         </properties>
      </connector>
   </connectors>
</window-source>

A Pattern window is constructed to detect front running violations. The Pattern window needs to carry 
a lot of information because it deals with up to three trades. Each trade contains broker and customer 
information as well as the trade data. All of this data must be available to format a notification 
message.

The Pattern window looks like this:

<window-pattern name='frontRunning'>
   <schema>
      <fields>
         <field name='id' type='int64' key='true' />
         <field name='broker' type='int32' />
         <field name='brokerName' type='string' />
         <field name='email' type='string' />
         <field name='phone' type='string' />
         <field name='sms' type='string' />
         <field name='mms' type='string' />
         <field name='customer' type='int32' />
         <field name='symbol' type='string' />
         <field name='tstamp1' type='string' />
         <field name='tstamp2' type='string' />
         <field name='tstamp3' type='string' />
         <field name='tradeId1' type='int32' />
         <field name='tradeId2' type='int32' />
         <field name='tradeId3' type='int32' />
         <field name='price1' type='double' />
         <field name='price2' type='double' />
         <field name='price3' type='double' />
         <field name='quant1' type='int32' />
         <field name='quant2' type='int32' />
         <field name='quant3' type='int32' />
         <field name='slot' type='int32' />
      </fields>
   </schema>
   <splitter-expr>
      <expression>slot</expression>
   </splitter-expr>
   <patterns>
      <pattern index='broker,symbol'>
         <events>
            <event name='e1'>((buysellflg == 1) 
             and (broker == buyer) 
             and (s == symbol) 
             and (b == broker) 
             and (p == price))</event>
            <event name='e2'>((buysellflg == 1) 
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             and (broker != buyer) 
             and (s == symbol) 
             and (b == broker))</event>
            <event name='e3'><![CDATA[((buysellflg == 0) 
             and (broker == seller) 
             and (s == symbol) 
             and (b == broker) 
             and (p < price))]]></event>
         </events>
         <logic>fby{1 hour}(fby{1 hour}(e1,e2),e3)</logic>
         <output>
            <field-selection name='broker' node='e1'/>
            <field-selection name='brokerName' node='e1'/>
            <field-selection name='brokerEmail' node='e1'/>
            <field-selection name='brokerPhone' node='e1'/>
            <field-selection name='brokerSms' node='e1'/>
            <field-selection name='brokerMms' node='e1'/>
            <field-selection name='buyer' node='e2'/>
            <field-selection name='symbol' node='e1'/>
            <field-selection name='date' node='e1'/>
            <field-selection name='date' node='e2'/>
            <field-selection name='date' node='e3'/>
            <field-selection name='id' node='e1'/>
            <field-selection name='id' node='e2'/>
            <field-selection name='id' node='e3'/>
            <field-selection name='price' node='e1'/>
            <field-selection name='price' node='e2'/>
            <field-selection name='price' node='e3'/>
            <field-selection name='quant' node='e1'/>
            <field-selection name='quant' node='e2'/>
            <field-selection name='quant' node='e3'/>
            <field-expr>1</field-expr>
         </output>
      </pattern>
      <pattern index='broker,symbol'>
         <events>
            <event name='e1'>((buysellflg == 0) 
             and (broker == seller) 
             and (s == symbol) 
             and (b == broker))</event>
            <event name='e2'>((buysellflg == 0) 
             and (broker != seller) 
             and (s == symbol) 
             and (b == broker))</event>
         </events>
         <logic>fby{10 minutes}(e1,e2)</logic>
         <output>
            <field-selection name='broker' node='e1'/>
            <field-selection name='brokerName' node='e1'/>
            <field-selection name='brokerEmail' node='e1'/>
            <field-selection name='brokerPhone' node='e1'/>
            <field-selection name='brokerSms' node='e1'/>
            <field-selection name='brokerMms' node='e1'/>
            <field-selection name='seller' node='e2'/>
            <field-selection name='symbol' node='e1'/>
            <field-selection name='date' node='e1'/>
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            <field-selection name='date' node='e2'/>
            <field-expr> </field-expr>
            <field-selection name='id' node='e1'/>
            <field-selection name='id' node='e2'/>
            <field-expr>0</field-expr>
            <field-selection name='price' node='e1'/>
            <field-selection name='price' node='e2'/>
            <field-expr>0</field-expr>
            <field-selection name='quant' node='e1'/>
            <field-selection name='quant' node='e2'/>
            <field-expr>0</field-expr>
            <field-expr>2</field-expr>
         </output>
      </pattern>
   </patterns>
</window-pattern>

An event streams into the Notification window.

<window-notification name='traderBusted'>
   <smtp host='smtp-server.ec.rr.com' 
         user='esptest@ec.rr.com' 
         password='esptest1' port='587' />
   <schema>
      <fields>
         <field name='id' type='int64' key='true' />
         <field name='broker' type='int32' />
         <field name='brokerName' type='string' />
         <field name='email' type='string' />
         <field name='phone' type='string' />
         <field name='sms' type='string' />
         <field name='mms' type='string' />
         <field name='customer' type='int32' />
         <field name='symbol' type='string' />
         <field name='tstamp1' type='string' />
         <field name='tstamp2' type='string' />
         <field name='tstamp3' type='string' />
         <field name='tradeId1' type='int32' />
         <field name='tradeId2' type='int32' />
         <field name='tradeId3' type='int32' />
         <field name='price1' type='double' />
         <field name='price2' type='double' />
         <field name='price3' type='double' />
         <field name='quant1' type='int32' />
         <field name='quant2' type='int32' />
         <field name='quant3' type='int32' />
         <field name='slot' type='int32' />
         <field name='day' type='string' />
         <field name='price1' type='double' />
         <field name='price2' type='double' />
         <field name='price3' type='double' />
         <field name='time1' type='string' />
         <field name='time2' type='string' />
         <field name='time3' type='string' />
         <field name='profit' type='double' />
      </fields>
   </schema>
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   <function-context>
      <properties>
         <property-list name='time1' delimiter=' '>$tstamp1</property-list>
         <property-list name='time2' delimiter=' '>$tstamp2</property-list>
         <property-list name='time3' delimiter=' '>$tstamp3</property-list>
      </properties>
      <functions>
         <function name='profit'>product($quant3,diff($price3,$price1))</function>
         <function name='day'>listItem(#time1,0)</function>
         <function name='time1'>listItem(#time1,1)</function>
         <function name='time2'>listItem(#time2,1)</function>
         <function name='time3'>listItem(#time3,1)</function>
         <function name='price1'>precision($price1,2)</function>
         <function name='price2'>precision($price2,2)</function>
         <function name='price3'>precision($price3,2)</function>
      </functions>
   </function-context>
   <delivery-channels>
      <email test='true' throttle-interval='1 day'>
         <deliver>contains(toLower($brokerName),'@BROKER@')</deliver>
         <email-info>
            <sender>esptest@ec.rr.com</sender>
            <recipients>$email</recipients>
            <from>ESP Broker Surveillance</from>
            <to>$brokerName</to>
            <subject>You have been caught cheating, $brokerName</subject>
         </email-info>
         <email-contents>
            <html-content><![CDATA[
            <body>You bought <b>$quant1</b> shares of <b>$symbol</b> 
                  for $<b>$price1</b> on <b>$day</b> at <b>$time1</b>. 
                  You then bought <b>$symbol</b> for customer <b>$customer</b> 
                  at <b>$time2</b>, after which you sold <b>$quant3</b> shares of 
                  <b>$symbol</b> at <b>$time3</b> for $<b>$price3</b>, 
                  thus making you a profit of $<b>$profit</b>. <br/><br/></body>
            ]]></html-content>
            <image-content type='image'>
             http://esp-base:18080/esp/stuff/jail.jpg
            </image-content>
         </email-contents>
      </email>
      <mms test='true' throttle-interval='1 day'>
         <deliver>contains(toLower($brokerName),'@BROKER@')</deliver>
         <mms-info>
            <sender>esptest@ec.rr.com</sender>
            <subject>You have been caught cheating, $brokerName</subject>
            <gateway>$mms</gateway>
            <phone>$phone</phone>
         </mms-info>
         <mms-contents>
            <text-content>You bought $quant1 shares of $symbol 
             for $$price1 on $day at $time1. You then bought $symbol for customer 
             $customer at $time2, after which you sold $quant3 shares of $symbol 
             at $time3 for $$price3, thus making you a profit of $$profit.
            </text-content>
            <image-content type='image'>
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             http://esp-base:18080/esp/stuff/x.jpg
            </image-content>
         </mms-contents>
      </mms>
      <sms test='true' throttle-interval='1 day'>
         <deliver>contains(toLower($brokerName),'@BROKER@')</deliver>
         <sms-info>
            <sender>esptest@ec.rr.com</sender>
            <subject>You have been caught, $brokerName</subject>
            <from>ESP Broker Surveillance</from>
            <gateway>$sms</gateway>
            <phone>$phone</phone>
         </sms-info>
         <sms-contents>
            <text-content>You bought $quant1 shares of $symbol 
            for $$price1 on $day at $time1. You then bought $symbol 
            for customer $customer at $time2, after which you sold 
            $quant3 shares of $symbol at $time3 for $$price3, 
            thus making you a profit of $$profit.</text-content>
         </sms-contents>
      </sms>
   </delivery-channels>
</window-notification>

Because this example uses MMS, you need to define a different SMTP server. Any email account 
referenced by that server must be specified in your SMTP configuration. The window calculates fields 
to use when formatting notification messages to the broker. A schema and a function context are 
defined.

When an event comes in, functions are run on the input event and schema data is created. You can 
use values from either the input event or the schema data in the message content. For example:

We noticed you bought <b>$quant1</b> shares of <b>$symbol</b> for $<b>$price1</b> 
on <b>$day</b> at <b>$time1</b>. You then bought <b>$symbol</b> for 
customer <b>$customer</b> at <b>$time2</b>, after which 
you sold <b>$quant3</b> shares of <b>$symbol</b> at <b>$time3</b> 
for $<b>$price3</b>, thus making you a profit of $<b>$profit</b>.

Note the number of variable references, some to the schema data (quant1, price1, price3, ...), and 
some to the input data (symbol). Variable references are also used to resolve the routing information 
for the notification:

<recipients>$email</recipients>
<gateway>$sms</gateway>
<phone>$phone</phone>

A function is used to determine when to send the notification. The same deliver function is used for all 
channels.

<deliver>contains(toLower($brokerName),'@BROKER@')</deliver>

Whenever you see the notation @TOKEN@ in an XML model, this means that the token is resolved 
when the project is loaded. These tokens can be resolved in one of three ways:

n on the command line, for example,dfesp_xml_server -BROKER pippin 

n in your environment, for example, $ export BROKER=pippin 

n in the properties for a project, for example, <property name=’BROKER’>pippin</property> 

In this case, you can specify which broker to use to send a notification.

18



Using SAS Event Stream Processing Studio

Streaming Analytics with Scoring and Training

Overview
This example demonstrates the use of the machine learning algorithm k-means, which is often used 
for cluster analysis in data mining. The algorithm assigns data points to their nearest cluster centroid. 
Each cluster centroid is then recomputed based on the average of the cluster’s data points. In k-
means clustering, the input event is augmented with a cluster number. This indicates the cluster that 
the observation falls into.

This example uses two files:

n The XML file (model.xml) associated with this example.

n input.csv is an input file. This file contains the events to be scored. 

Project Details
This project contains three windows:

n w_source is a Source window. This is where events from the input.csv file enters the model to be 
scored. 

n w_training is a Train window. This window generates and periodically updates the k-means model.

n w_scoring is a Score window. This is where the events are scored.
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Figure 12 Diagram of the Streaming Analytics Model with Scoring and Training

Example Steps
1 On the Projects page, click .

The New Project window appears.

2 In the New Project window, do the following:

a In the Name field, enter Scoring_and_Training.

b In the Description field, enter: This model demonstrates the use of the K-means 
machine learning algorithm for clustering.

c Click OK.

If you do not currently have any ESP servers configured, you are prompted to decide whether 
you want to configure an ESP server now. If you are using a Kubernetes cluster, an ESP 
server is automatically created for you when you run the project in test mode. Therefore you do 
not need to manually create an ESP server.

Note: It is assumed that you do not have any ESP servers configured. If you already have ESP 
servers configured or you are going to run the project on an ESP server in a cluster, go to step 5.

3 Click Yes to configure an ESP server now or click No to skip the ESP server creation process.

If you selected Yes, the ESP Server Properties window appears.

4 If you selected No, skip this step. If you selected Yes to configure an ESP server now, do the 
following:

a In the Name field, enter or update the name that identifies the ESP server.

b In the Host field, enter or update the ESP server’s host name or IP address.

c In the HTTP port field, enter or update the ESP server’s administration port number.
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d If required, in the Description field, enter or update the description of the ESP server.

e If required, in the Tags field, enter or update any keywords that describe the ESP server and 
then press Enter. 

f If required, click Edit to change the setting for the Authentication field:

The Authentication window appears.

n None: This is the default option.

n Kerberos: This option is relevant only if the ESP server is configured to require 
authentication using Kerberos. 

n OAuth token: This option is relevant only if the ESP server is configured to require 
authentication. If you select this option, an additional field appears where you must enter 
the OAuth token.

n Username and password: This option is relevant only if the ESP server is configured to 
require authentication using a user name and password (SASLogon Services). If you select 
this option, additional fields appear where you must enter or confirm the user name and 
password.

g If required, select the Connect using SSL check box. Selecting this option is relevant only if 
the ESP server is configured to require SSL encryption.

h If required, select the Enable server logging check box to enable logging on the ESP server.

i If required, in the Number of messages to retain field, change the default number of 
messages that are retained by the ESP server log. The default is 10,000 messages.

j Click OK.

5 In the right pane, configure your project’s properties:

a Expand Attributes.

b Select the Compress open patterns check box.

6 Expand Input Streams on the Windows pane on the left and drag a Source window to the 
workspace.

The right pane displays the Source window’s properties.

7 Enter a name for the Source window: In the right pane, in the Name field, change the default 
name to W_source.

8 Configure W_source window’s event type:

a In the right pane, expand State and Event Type.

b Select the Accept only “Insert” events check box. 

9 Specify an output schema for the W_source window:

a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click  to add a row to the schema table. After you add a row, click  again to add the next 

row.
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Enter the following values in the rows:

Key Field Name Type

Y id Int64

N x_c Double

N y_c Double

d Click OK.

10 The W_source window will stream events from a file called input.csv that contains example data. 
To add a connector to this CSV file:

a In the right pane, click .

b If it is not already selected, click the W_source window to select it.

c Expand Input Data (Publisher) Connectors and click . 

The Connector Configuration window appears.

d In the Name field, replace the default value with Source_File.

e In the Fsname field, enter full the path to the CSV file.

f In the Fstype drop-down list, select csv.

g Configure the Source_File connector’s properties: 

i Click All properties.

The All Properties window appears.

ii Select true from the drop-down list in the Value field of the transactional property.

iii Enter 1 in the Value field of the blocksize property.

iv Click OK.

h Click OK.

i Collapse Input Data (Publisher) Connectors.

11 Configure an output rule for the W_source window:

a Expand Output Rules. 

b Select the Only output “insert” events check box.

12 Expand Analytics on the Windows pane on the left and drag a Train window to the workspace.

This window uses the k-means algorithm to periodically generate a new clustering model.

The right pane displays the Train window’s properties.

13 Specify a name for the Train window: In the right pane, in the Name field, change the default 
name to W_training.
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14 Connect the W_source window to the W_training window with an edge:

a Position the cursor over the anchor point at the bottom of the W_source window so that the 
anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the W_training window.

The W_training window now accepts events from the W_source window.

15 If it is not already selected, click the W_training window on the workspace to select it. 

16 If it is not already expanded, expand Settings.

17 In the Algorithm drop-down list, select KMEANS.

18 Expand Parameters:

a In the nClusters field, confirm that the default number of clusters is set to 2.

b In the initSeed field, enter 1 to specify the random seed that is used during initialization when 
each point is assigned to a random cluster.

c In the dampingFactor field, confirm that the damping factor’s default value for old data points 
is set to 0.8.

d In the fadeOutFactor field, confirm that the default value for determining whether an existing 
cluster is fading out is set to 0.05.

e In the disturbFactor field, confirm that the default value for the disturbance factor when 
splitting a cluster is set to 0.01.

f In the nInit field, confirm that the default value for the number of data events that are used 
during initialization is set to 50.

g In the velocity field, enter 5 to specify the number of events that arrive at a single timestamp.

h In the commitInterval field, confirm that the default value for the number of timestamps to 
elapse before committing a model to downstream scoring is set to 25.

i Collapse Parameters.

j Expand Input Map.

k In the Field column in the table, click the row in the table twice and select x_c and y_c from 
the drop-down list. These variables are to be used in the clustering.

19 Expand Analytics on the Windows pane on the left and drag a Score window to the workspace. 

The right pane displays the Score window’s properties.

This window scores incoming events.

20 Enter a name for the Score window: In the right pane, in the Name field, change the default name 
to W_scoring.

21 Specify a schema for the W_scoring window:

a In the right pane, click .

b Click . 

The Output Schema window appears.
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c Click  to add a row to the schema table. After you add a row, click  again to add the next 

row.

Enter the following values in the rows:

Key Field Name Type

Y id Int64

N x_c Double

N y_c Double

N seg Int32

N min_dist Double

N model_id Int64

22 Click OK.

23 Connect the W_source window to the W_scoring window with an edge.

The W_scoring window can now score events that originate from the W_source window.

24 Configure the settings for the W_scoring window:

a Click the W_scoring window on the workspace.

b Expand Settings if it is not already expanded.

c Specify an algorithm to use to score incoming events:

i In the Configured algorithms field, click .

The Configured Algorithms window appears.

ii Select the KMEANS check box.

iii Click OK.

d Expand KMEANS.

e Configure an input map:

i Expand Input Map.

ii In the Field column in the table, click the row in the table twice and select x_c and y_c from 
the drop-down list. These variables are to be used in the clustering.

iii Collapse Input Map.

f Configure an output map:

i Expand Output Map.

ii Specify the output variable name in the output schema that stores the cluster label. In the 
labelOut row, click the Name field twice to display the drop-down list and select seg.
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iii Specify the output variable name in the output schema that stores the distance to the nearest 
cluster. In the minDistanceOut row, click the Name field twice to display the drop-down list 
and select min_dist.

iv Specify the output variable name in the output schema that stores the ID of the model from 
which the score is computed. In the modelIdOut row, click the Name field twice to display the 
drop-down list and select model_id.

25 Connect the W_training window to the W_scoring window with an edge.

26 Configure the project’s continuous query:

a Click .

b In the right pane, in the Name field, change the default name to scoretrain_cq.

c Expand Debugging.

d In the Enable trace server logging for this query field, select W_scoring and W_training.

27 Click  .

28 Click .

A new page called Test: Scoring_and_Training appears.

29 In the Test Server drop-down list, select the ESP server on which you want to test the model.

30 Click .

The results for each window appear in separate tabs:

n The w_source tab displays events to be scored

n The w_training tab displays the generated clustering model using the k-means algorithm

n The w_scoring tab displays the scored events

31 To stop the test, click . 

Building and Using a Geofence

Overview
This example creates a model that displays a list of wanted vehicles found in close proximity of critical 
infrastructure sites. The model performs the following actions:

n streams a list of vehicles, including vehicle locations

n streams a list of vehicles that are included on a vehicle watch list

n streams a list of critical infrastructure sites, including site locations

n processes the list of vehicles and attempts to match any wanted vehicles that are in close 
proximity to critical infrastructure sites

n produces a list of wanted vehicles found in close proximity to critical infrastructure sites
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Project Details
This project contains six windows:

n The ANPR window is a Source window. This is where a list of all vehicles within close proximity of 
critical infrastructure sites from the anpr.csv file enter the model.

n The VehicleWatchList window is a Source window. This is where a list of all vehicles on the 
vehicle watch list from the wantedvehicle.csv file enter the model. 

n The CriticalInfrastructure window is a Source window. This is where a list of sites that contain 
critical infrastructure from the infrastructure.csv file enter the model. 

n The WantedVehicleMatch window is a Join window. This is where a list of all vehicles found within 
close proximity of critical infrastructure sites, and a list of all wanted vehicles are merged into one 
list. 

n The Geofence window is a Geofence window. This is where geofencing information that relates to 
the matched vehicles enter the model. 

n The GeofenceMatches window is a Filter window. This is where the geofencing information is 
filtered.

Figure 13 Diagram of the Geofence Model

Example Steps
To complete this example, follow the steps below:
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1 On the Projects page, click .

The New Project window appears.

2 In the New Project window, do the following:

a In the Project name field, enter geofence_demo.

b In the Description field, enter a description. Here is an example: This model can be used 
to identify wanted vehicles found in close proximity to critical infrastructure 
sites.

c Click OK.

If you do not currently have any ESP servers configured, you are prompted to decide whether 
you want to configure an ESP server now. If you are using a Kubernetes cluster, an ESP 
server is automatically created for you when you run the project in test mode. Therefore you do 
not need to manually create an ESP server.

Note: It is assumed that you do not have any ESP servers configured. If you already have 
ESP servers configured or you are going to run the project on an ESP server in a cluster, skip 
to step 5.

3 Click Yes to configure an ESP server now or click No to skip the ESP server creation process.

If you selected Yes, the ESP Server Properties window appears.

4 If you selected No, skip this step. If you selected Yes to configure an ESP server now, do the 
following:

a In the Name field, enter or update the name that identifies the ESP server.

b In the Host field, enter or update the ESP server’s host name or IP address.

c In the HTTP port field, enter or update the ESP server’s administration port number.

d If required, in the Description field, enter or update the description of the ESP server.

e If required, in the Tags field, enter or update any keywords that describe the ESP server and 
then press Enter. 

f If required, click Edit to change the setting for the Authentication field:

The Authentication window appears.

n None: This is the default option.

n Kerberos: This option is relevant only if the ESP server is configured to require 
authentication using Kerberos. 

n OAuth token: This option is relevant only if the ESP server is configured to require 
authentication. If you select this option, an additional field appears where you must enter 
the OAuth token.

n Username and password: This option is relevant only if the ESP server is configured to 
require authentication using a user name and password (SASLogon Services). If you select 
this option, additional fields appear where you must enter or confirm the user name and 
password.

g If required, select the Connect using SSL check box. Selecting this option is relevant only if 
the ESP server is configured to require SSL encryption.
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h If required, select the Enable server logging check box to enable logging on the ESP server.

i If required, in the Number of messages to retain field, change the default number of 
messages that are retained by the ESP server log. The default is 10,000 messages.

j Click OK.

5 Expand Input Streams on the Windows pane on the left and drag a Source window to the 
workspace. 

The right pane displays the Source window’s properties.

6 Specify a name for the Source window: In the right pane, in the Name field, change the default 
name to ANPR.

7 Configure the ANPR window to accept only “Insert” events and to automatically generate the key 
field:

a Expand State and Event Type.

b Select the Accept only “Insert” events check box.

c Select the Automatically generate the key field check box.

8 Specify an output schema for the ANPR window:

a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click  to add a row to the schema table. After you add a row, click  again to add the next 

row.

Enter the following values:

Key Field Name Type

N vrm String

N lat Double

N long Double

N date Stamp

Y pkey String

d Click OK.

9 The ANPR window streams a list of vehicles from a file called anpr.csv that contains example 
data. To add a connector to this CSV file:

a In the right pane, click .

b Expand Input Data (Publisher) Connectors and click .
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The Connector Configuration window appears.

c In the Name field, replace the default value with anpr_csv_read.

d In the Fsname field, enter the full path to the CSV file.

e In the Fstype drop-down list, select csv.

f Configure the anpr_csv_read connector’s properties: 

i Click All properties.

The All Properties window appears.

ii Enter %Y-%m-%d %H:%M:%S in the Value field of the dateformat property.

iii Enter 1 in the Value field of the header property.

iv Select true from the drop-down list in the Value field of the ignorecsvparseerrors property. 

v Select true from the drop-down list in the Value field of the noautogenfield property. 

vi Click OK.

g Click OK.

10 Expand Input Streams on the Windows pane on the left and drag another Source window to the 
workspace.

The right pane displays the Source window’s properties.

11 Specify a name for the Source window: In the right pane, in the Name field, change the default 
name to VehicleWatchList.

12 Specify an output schema for the VehicleWatchList window:

a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click  to add a row to the schema table. Enter the following values:

Key Field Name Type

Y vrm String

d Click OK.

13 The VehicleWatchList window streams a list of wanted vehicles from a file called 
wantedvehicle.csv that contains example data. To add a connector to this CSV file:

a In the right pane, click .

b Expand Input Data (Publisher) Connectors and click .

The Connector Configuration window appears.

c In the Name field, replace the default value with vehicle_watchlist.
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d In the Fsname field, enter the full path to the CSV file. 

e In the Fstype drop-down list, select csv.

f Configure the vehicle_watchlist connector’s properties: 

i Click All properties.

The All Properties window appears.

ii Enter 1 in the Value field of the header property.

iii Click OK.

g Click OK.

14 Expand Transformations on the Windows pane on the left and drag a Join window to the 
workspace.

The right pane displays the Join window’s properties.

15 Specify a name for the Join window: In the right pane, in the Name field, change the default name 
to WantedVehicleMatch.

16 Connect the ANPR window to the WantedVehicleMatch window with an edge:

a Position the cursor over the anchor point at the bottom of the ANPR window so that the anchor 
point color changes to white.

b Click the white anchor point, hold the left mouse button down, and draw a line to the anchor 
point in the WantedVehicleMatch window.

The WantedVehicleMatch window now accepts values from the ANPR window.

17 Connect the VehicleWatchlist window to the WantedVehicleMatch window with an edge.

The WantedVehicleMatch window now accepts values from the VehicleWatchlist window.

Note: Each window in your model displays specific icons that represent window properties. For 
example, if a Source window contains a publisher connector, the window displays the 
corresponding publisher connector icon. For more information about window icons, see Window 
Icons. The WantedVehicleMatch window displays an error icon  indicating that an invalid join 
type has been set. The occurrence of this error is expected behavior and will be resolved later 
when you set a valid join type.

18 Click the WantedVehicleMatch window in the workspace.

The right pane displays the Join window's properties.

19 Examine the calculation method for the WantedVehicleMatch window’s output fields:

a In the right pane, expand Settings.

b Inspect the Left window and Right window fields. Notice that the ANPR window is regarded 
as the left window and the VehicleWatchList window is regarded as the right window. This is 
due to the order in which you added the edges.

c In the Output field calculation method field, confirm that Select fields is selected from the 
drop-down list.
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As a result of choosing the Select fields option, as new input events arrive, join non-key fields 
are calculated using a join selection string. This selection string is a one-to-one mapping of 
input fields to join fields.

d Collapse Settings.

20 Configure the WantedVehicleMatch window’s join criteria:

a If it is not already expanded, expand Join Criteria.

b In the Join Type drop-down list, select Inner.

c Collapse Join Criteria.

21 Configure the WantedVehicleMatch window’s join conditions:

a Expand Join Conditions.

b In the Join Conditions field, click  to add a join condition.

c Click the cell in the Left: ANPR column twice, and select vrm from the drop-down list.

d Click the cell in the Right: VehicleWatchList column twice, and select vrm from the drop-down 
list.

22 Specify an output schema for the WantedVehicleMatch window:

a In the right pane, click .

b Click .

The Edit Output Schema window appears.

Use this window to configure the fields as shown in the following table. As the schema fields 
required have already been defined previously, click  to open the Copy Fields from Input 
Schema window. Select the following schema fields and click OK.

Window Field Type

ANPR vrm String

ANPR lat Double

ANPR long Double

ANPR date Stamp

The Edit Output Schema window displays the fields that you selected.

c Click OK.

23 Click .

24 Expand Input Streams on the Windows pane on the left and drag another Source window to the 
workspace. 

The right pane displays the Source window’s properties.
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25 Specify a name and description for the Source window: 

a In the right pane, in the Name field, change the default name to CriticalInfrastructure.

26 Specify an output schema for the CriticalInfrastructure window:

a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click  to add a row to the schema table. After you add a row, click  again to add the next 

row. Enter the following values:

Key Field Name Type

Y name String

N lat Double

N long Double

N location String

N county String

N region String

N type String

N capacity String

N opened String

N closed String

N demolished String

N notes String

d Click OK.

27 The CriticalInfrastucture window streams a list of sites that contain critical infrastructure from a file 
called infrastructure.csv that contains example data. To add a connector to this CSV file:

a In the right pane, click .

b Expand Input Data (Publisher) Connectors.

c Click .

The Connector Configuration window appears.
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d In the Name field, replace the default value with infrastructure_csv_reader.

e In the Fsname field, enter the full path to the CSV file.

f In the Fstype drop-down list, select csv.

g Configure the infrastructure_csv_reader connector’s properties:

i Click All properties.

The All Properties window appears.

ii Enter 1 in the Value field of the header property.

iii Select true from the drop-down list in the Value field of the ignorecsvparseerrors property. 

iv Click OK.

h Click OK.

28 Expand Utilities on the Windows pane on the left and drag a Geofence window to the 
workspace. 

The right pane displays the Geofence window’s properties.

29 Specify a name for the Geofence window: In the right pane, in the Name field, change the default 
name to Geofence.

30 Connect the WantedVehicleMatch window to the Geofence window with an edge.

31 Connect the CriticalInfrastructure window to the Geofence window with an edge.

32 Click the Geofence window in the workspace.

The right pane displays the Geofence window's properties.

33 Configure the Geofence window’s positional settings:

a Expand Positions.

b In the X coordinate field, select long from the drop-down list.

c In the Y coordinate field, select lat from the drop-down list.

d In the Default lookup distance (meters) field, enter 20.

e Collapse Positions.

34 Configure the Geofence window’s geometric settings:

a Expand Geometries.

b In the table, in the X coordinate row, select long from the Field drop-down list.

c In the table, in the Y coordinate row, select lat from the Field drop-down list.

d In the Default radius (meters) field, enter 100.

e Collapse Geometries.

35 Configure the Geofence window’s geofence algorithm properties:

a Expand Geofence Algorithm Properties.

b Select the Record invalid geometries in the standard output log check box.
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c Collapse Geofence Algorithm Properties.

36 Configure the Geofence window’s output map properties:

a Expand Output Map.

b In the Geometry ID field, enter geoid.

c In the Event number field, enter eventnum.

d Collapse Output Map.

37 Expand Transformations on the Windows pane on the left and drag a Filter window to the 
workspace. 

The right pane displays the Filter window’s properties.

38 Specify a name for the Filter window: In the Name field, change the default name to 
GeofenceMatches.

39 Configure a subscribe connector for the GeofenceMatches window:

a Expand Subscriber Connectors.

b Click .

The Connector Configuration window appears.

c In the Name field, enter sub.

d Select the Snapshot check box. 

e In the Fsname field, enter the full path to the output file: result.out.

f In the Fstype field, enter csv.

g Click OK.

40 Specify a filter expression for the GeofenceMatches window:

a Expand Filter.

b In the Expression field, enter geoid != ''

c Click  to validate the expression.

A message appears, informing you of the expression’s validity.

Note: To validate your expression successfully, a working ESP server must be available. If you 
are using only a Kubernetes environment, skip this step as expression validation is not 
supported for a project running on a cluster.

d Confirm that the expression is valid.

e Collapse Filter.

41 Connect the Geofence window to the GeofenceMatches window with an edge.

42 Configure your model’s connector orchestration:

a Click .
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b In the right pane, expand Connector Orchestration.

c Click  below the Connector groups label.

The Connector groups window appears.

d In the Name field, enter sub1.

e Click  below the Connectors label.

f In the Connector column, click the newly created row and select cq1/GeofenceMatches/sub 
from the drop-down list.

g In the Target state column, select Running from the drop-down list.

h Click OK.

i Click  below the Connector groups label.

The Connector groups window appears.

j In the Name field, enter pub1.

k Click  below the Connectors label.

l In the Connector column, click the newly created row and select cq1/ANPR/anpr_csv_read 
from the drop-down list.

m In the Target state column, confirm that Finished is selected from the drop-down list.

n Click OK.

o Click  below the Connector groups label.

The Connector groups window appears.

p In the Name field, enter pub2.

q Click  below the Connectors label.

r In the Connector column, click the newly created row and select cq1/CriticalInfrastructure/
infrastructure_csv_reader from the drop-down list.

s In the Target state column, confirm that Finished is selected from the drop-down list.

t Click OK.

u Click  below the Connector groups label.

The Connector groups window appears.

v In the Name field, enter pub3.

w Click  below the Connectors label.

x In the Connector column, click the newly created row and select cq1/VehicleWatchlist/
vehicle_watchlist from the drop-down list.

y In the Target state column, confirm that Finished is selected from the drop-down list.
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z Click OK.

aa Configure the dependency rules. Click  below the Dependency rules label. After you add a 

row, click  again to add the next row.

Enter the following values in the rows:

Row Controlling Group Dependent Group

1 sub1 pub1

2 pub2 pub1

3 pub2 pub3

ab In the right pane, click .

The XML Editor appears.

ac Locate the following line in the XML code: <edge source="sub1" target="pub1"/>

ad Amend this line to the following: <edge source="sub1" target="pub1 pub2 pub3"/>

43 Configure your model’s threading level:

a In the right pane, click .

b In the right pane, expand Attributes.

c In the Threads field, enter 8.

44 The model is now complete. Click  to save your model.

45 Click .

A new page called Test: geofence_demo appears.

46 In the ESP Server drop-down list, confirm that the ESP server on which you want to test the 
model is selected. If the appropriate ESP server is not selected, select it from the drop-down list.

47 Click .

The results for each window appear on separate tabs:

n The ANPR tab lists all vehicles within close proximity of critical infrastructure sites

n The VehicleWatchlist tab lists all vehicles on the vehicle watch list

n The WantedVehicleMatch tab combines a list of all vehicles found within close proximity of 
critical infrastructure sites with a list of all wanted vehicles.

n The Geofence tab lists the geofencing information that relates to the matched vehicles

n The CriticalInfrastructure tab lists sites that contain critical infrastructure

n The GeofenceMatches tab shows any wanted vehicles found within close proximity of critical 
infrastructure sites 
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Note: If the table is empty, check that the publisher connectors for the ANPR, VehicleWatchList, 
and CriticalInfrastructure windows are set correctly to point to the CSV files.

48 To stop the test, click .

The project stops and then unloads from the ESP server.

Using Text Sentiment Analysis

Overview
This model uses Text Sentiment analysis in SAS Event Stream Processing Studio. Text sentiment 
windows determine the sentiment of text in the specified incoming text field and the probability of its 
occurrence. The sentiment value is “positive”, “neutral”, or “negative”. The probability is a value 
between 0 and 1. Text sentiment windows are insert-only.

Note: Without SAS Sentiment Analysis Studio, you do not have the SAM file that is required to 
initialize a Text Sentiment window.

This example uses three files listed below:

n The XML file (model.xml) associated with this example.

n input.csv is an input file. This file contains the data to be used for sentiment analysis. 

n sentiment.sam is a SAM file. This file determines the sentiment of text in the specified incoming 
text field and the probability of its occurrence. 

Project Details
This project contains three windows:

n sourceWindow_01 is a Source window. This is where data from input.csv file enters the model. 
This data is made available for text sentiment analysis.

n textSentimentWindow is a Text Sentiment window. This is the sentiment of text in the specified 
incoming text field is determined. 

n copyWindow_01 is a Copy window. This is where the textSentiment events are retained according 
to the specified retention policy.
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Figure 14 Diagram of the Using Text Sentiment Analysis Project

Example Steps
1 On the Projects page, click 

The New Project window appears.

2 In the New Project window, do the following:

a In the Project name field, enter text_sentiment_analysis.

b Click OK.

If you do not currently have any ESP servers configured, you are prompted to decide whether 
you want to configure an ESP server now. If you are using a Kubernetes cluster, an ESP 
server is automatically created for you when you run the project in test mode. Therefore you do 
not need to manually create an ESP server.

Note: It is assumed that you do not have any ESP servers configured. If you already have 
ESP servers configured or you are going to run the project on an ESP server in a cluster, go to 
step 5.

3 Click Yes to configure an ESP server now or click No to skip the ESP server creation process.

If you selected Yes, the ESP Server Properties window appears.

4 If you selected No skip this step. If you selected Yes to configure an ESP server now, do the 
following:

a In the Name field, enter or update the name that identifies the ESP server.

b In the Host field, enter or update the ESP server’s host name or IP address.

c In the HTTP port field, enter or update the ESP server’s administration port number.

d If required, in the Description field, enter or update the description of the ESP server.

e If required, in the Tags field, enter or update any keywords that describe the ESP server and 
then press Enter. 
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f If required, click Edit to change the setting for the Authentication field:

The Authentication window appears.

n None: This is the default option.

n Kerberos: This option is relevant only if the ESP server is configured to require 
authentication using Kerberos. 

n OAuth token: This option is relevant only if the ESP server is configured to require 
authentication. If you select this option, an additional field appears where you must enter 
the OAuth token.

n Username and password: This option is relevant only if the ESP server is configured to 
require authentication using a user name and password (SASLogon Services). If you select 
this option, additional fields appear where you must enter or confirm the user name and 
password.

g If required, select the Connect using SSL check box. Selecting this option is relevant only if 
the ESP server is configured to require SSL encryption.

h If required, select the Enable server logging check box to enable logging on the ESP server.

i If required, in the Number of messages to retain field, change the default number of 
messages that are retained by the ESP server log. The default is 10,000 messages.

j Click OK.

5 Configure your project’s properties:

a In the right pane, expand Attributes.

b In the Threads field, enter 4.

c Select Automatic from the Window Publish/subscribe drop-down list.

6 Expand Input Streams on the Windows pane on the left and drag a Source window to the 
workspace.

The right pane displays the Source window’s properties.

7 Specify a name and description for the Source window:

a In the right pane, in the Name field, change the default name to sourceWindow_01.

b In the Description field, enter This window receives a list of events for sentiment 
analysis. 

8 Click State and Event Type.

a In the Window state and index field, select Stateless (pi_EMPTY). 

b Select the Accept only “Insert” events check box.

9 Specify an output schema for the sourceWindow_01 window:

a In the right pane, click .

b Click .

The Output Schema window appears.
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c Click  to add a row to the schema table. After you add a row, click  again to the add the 

next row.

Enter the following values:

Key Field Name Type

Y ID Int32

N tstamp Date

N msg String

d Click OK.

10 The sourceWindow_01 window will stream a list of vehicles from a file called input.csv that 
contains example data. To add a connector to this CSV file:

a Click .

b Expand Input Data (Publisher) Connectors and click .

The Connector Configuration window is displayed.

c In the Name field, replace the default value with pub.

d In the Fsname field, enter the full path to the CSV file.

e In the Fstype drop-down list, select csv.

f Configure the pub connector’s properties:

i Click All properties.

The All Properties window appears.

ii Enter %Y-%m-%d %H:%M:%S in the Value field of the dateformat property.

iii Click OK.

g Click OK.

11 Expand Text Analytics on the Windows pane on the left and drag a Text Sentiment window to 
the workspace.

The right pane displays the Text Sentiment window’s properties.

12 Specify a name and description for the Text Sentiment window:

a In the right pane, in the Name field, change the default name to textSentimentWindow_01.

b In the Description field, enter This window uses a SAS Text Analytics SAM file to get 
the sentiment of a document that is in the specified incoming event string 
field. This window type is insert only. Each input event creates a new text 
sentiment event. 

13 Connect the sourceWindow_01 window to the textSentimentWindow_01 window with an edge:
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a Position the cursor over the anchor point at the bottom of the sourceWindow_01 window so 
that the anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the textSentimentWindow_01 window.

The textSentimentWindow_01 window now accepts values from the sourceWindow_01 window.

14 Click the textSentimentWindow_01 window on the workspace. 

15 Configure the textSentimentWindow_01 window’s sentiment analysis model file full path:

a If it is not already expanded, expand Text Sentiment. 

b In the Sentiment analysis model file full path field, enter the file path to the sentiment 
analysis model file. For example, enter /samFiles/sentiment.sam. 

16 Expand Transformations on the Windows pane on the left and drag a Copy window to the 
workspace.

The right pane displays the Copy window’s properties.

17 Specify a name and description for the Copy window:

a In the right pane, in the Name field, change the default name to copyWindow_01.

b In the Description field, enter This window holds the textSentiment events using a 
retention policy. 

18 Configure the copyWindow_01 window’s state:

a In the right pane, expand State.

b Select Stateful (pi_RBTREE) from the Window state and index drop-down list.

19 Configure the copyWindow_01 window’s retention:

a In the right pane, expand Retention.

b Confirm that the Type field is set to By time, sliding.

c In the Time limit field, enter 5 and select Minutes from the drop-down list.

20 Connect the textSentimentWindow_01 window to the copyWindow_01 window with an edge:

The copyWindow_01 window now accepts values from the textSentimentWindow_01window.

21 Configure the project’s continuous query:

a Click .

b Expand Debugging.

c In the Trace in server log field, select textSentimentWindow.

22 Click  .

23 Click .

A new page called Test: text_sentiment_demo appears.

24 In the ESP Server drop-down list, select the ESP server on which you want to test the model.
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25 Click .

The results for each window appear on separate tabs:

n the sourceWindow_01 tab lists the event stream from the input CSV file.

n the textSentimentWindow tab lists the textSentiment events.

n the copyWindow_01 tab lists the textSentiment events according to the specified retention 
policy.

26 To stop the test, click .

The project stops and then unloads from the ESP server.

Transposing Data from an Aircraft

Transpose Aircraft Information Example Overview
This example conceptualizes an event as a row that consists of multiple columns. You can use a 
Transpose window to interchange an event’s rows as columns, and columns as rows. Use attributes 
of the Transpose window to govern the rearrangement of data. You will process information about the 
pitch, yaw, roll, and velocity of an aircraft in flight.

As the Transpose window has two modes, long and wide, this example consists of two parts:

n Transpose aircraft information in wide mode. For more information, see “Wide Mode Example 
Steps” on page 43.

n Transpose aircraft information in long mode. For more information, see “Long Mode Example 
Steps” on page 48.

The long mode part of this example uses the following files:

n The XML file (transpose_long.xml) associated with this example.

n input_long.csv. This is an input file. This file contains event streams from the aircraft in flight. 

The wide mode part of this example uses the following files:

n The XML file (transpose_wide.xml) associated with this example.

n input_wide.csv. This is an input file. This file contains event streams from the aircraft in flight. 

Project Details
This project contains two windows:

n A Source window, where aircraft events from the input file enter the model. In the wide mode 
version of this example, this file is called input_wide.csv. In the long mode version of this example, 
this file is called input_long.csv.

n A Transpose window, where the transposition of the aircraft events occurs. You can configure the 
attributes of the Transpose window to govern the rearrangement of data. In the wide mode version 
of this example, this window is called TransposeW. In the long mode version of this example, this 
window is called TranposeL.
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Figure 15 Diagram of the Transpose Model in Wide Mode

Wide Mode Example Steps
1 On the Projects page, click .

The New Project window appears.

2 In the New Project window, do the following:

a In the Name field, enter Transpose_wide.

b In the Description field, enter a description: This example transposes information in 
wide mode about the pitch, yaw, roll, and velocity of an aircraft in flight.

c Click OK.

If you do not currently have any ESP servers configured, you are prompted to decide whether 
you want to configure an ESP server now.If you are using a Kubernetes cluster, an ESP server 
is automatically created for you when you run the project in test mode. Therefore you do not 
need to manually create an ESP server.

Note: It is assumed that you do not have any ESP servers configured. If you already have 
ESP servers configured or you are going to run the project on an ESP server in a cluster, go to 
step 5.

3 Click Yes to configure an ESP server now or click No to skip the ESP server creation process. 

If you selected Yes, the ESP Server Properties window appears.

4 If you selected No, skip this step. If you selected Yes to configure an ESP server now, do the 
following:

a In the Name field, enter or update the name that identifies the ESP server.

b In the Host field, enter or update the ESP server’s host name or IP address.

c In the HTTP port field, enter or update the ESP server’s administration port number.

d If required, in the Description field, enter or update the description of the ESP server.

e If required, in the Tags field, enter or update any keywords that describe the ESP server and 
then press Enter. 
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f If required, click Edit to change the setting for the Authentication field:

The Authentication window appears.

n None: This is the default option.

n Kerberos: This option is relevant only if the ESP server is configured to require 
authentication using Kerberos. 

n OAuth token: This option is relevant only if the ESP server is configured to require 
authentication. If you select this option, an additional field appears where you must enter 
the OAuth token.

n Username and password: This option is relevant only if the ESP server is configured to 
require authentication using a user name and password (SASLogon Services). If you select 
this option, additional fields appear where you must enter or confirm the user name and 
password.

g If required, select the Connect using SSL check box. Selecting this option is relevant only if 
the ESP server is configured to require SSL encryption.

h If required, select the Enable server logging check box to enable logging on the ESP server.

i If required, in the Number of messages to retain field, change the default number of 
messages that are retained by the ESP server log. The default is 10,000 messages.

j Click OK.

5 Configure the project’s threading level:

a In the right pane, expand Attributes. 

b In the Threads field, enter 2. 

6 Expand Input Streams on the Windows pane on the left and drag a Source window to the 
workspace.

The right pane displays the Source window’s properties.

This window receives information about an aircraft.

7 Specify a name for the Source window: in the right pane, in the Name field, change the default 
name to SourceW.

8 Change the SourceW window’s state and event type:

a Expand State and Event Type.

b In the Window state and index drop-down list, select Stateless (pi_EMPTY).

c Select the Accept only “Insert” events check box. 

9 Specify an output schema for the SourceW window:

a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click  to add a row to the schema table. After you add a row, click  again to add the next 

row.

Enter the following values in the rows:
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Key Field Name Type

Y ID Int64

N PlaneID String

N TAG String

N value Double

N time Stamp

N lat Double

N long Double

n The PlaneID field of the schema identifies which aircraft provides the data. 

n The TAG field specifies whether the data contains the aircraft’s pitch, yaw, roll, or velocity.

n The value field records the numerical value for the TAG and the specific time that the data 
is recorded.

n The event captured the plane’s latitude (lat) and longitude (long) when the pitch, yaw, roll, 
or velocity is recorded.

d Click OK.

10 Configure the SourceWindow window to stream events from a file called input.csv that contains 
data from an aircraft in flight. To add a connector to this CSV file:

a In the right pane, click .

b Expand Input Data (Publisher) Connectors.

c Click  .

The Connector Configuration window appears.

d In the Name field, replace the default value with pub.

e In the Fsname field, enter the full path to the CSV file.

f In the Fstype field, enter csv.

g Configure the pub connector’s properties:

i Click All properties.

The All Properties window appears.

ii Select false in the Value field of the transactional property.

iii Enter 1 in the Value field of the blocksize property.

iv Enter %Y-%m-%d %H:%M:%S in the Value field of the dateformat property. 

v Enter 1 in the Value field of the Rate property.
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vi Click OK.

h Click OK.

11 Collapse Input Data (Publisher) Connectors.

12 Open the input_wide.csv file and examine its contents: 

i,n,1,turboprop #1, pitch,1.1, 2017-08-30 15:21:00.000000,10,10
i,n,2,turboprop #2, velocity,-1.2, 2017-08-30 15:21:00.000001,20,20
i,n,3,turboprop #1, roll,-1.1, 2017-08-30 15:21:00.000002,11,11
i,n,4,turboprop #2, yaw,2.2, 2017-08-30 15:21:00.000003,21,21
i,n,5,turboprop #2, pitch,1.2, 2017-08-30 15:21:00.000004,22,22
i,n,6,turboprop #1, velocity,-1.1, 2017-08-30 15:21:00.000005,12,12
i,n,7,turboprop #2, roll,-1.2, 2017-08-30 15:21:00.000006,23,23
i,n,8,turboprop #1, yaw,2.1, 2017-08-30 15:21:00.000007,13,13
i,n,9,jet #1, pitch,1.3, 2017-08-30 15:21:00.000012,30,30
i,n,10,jet #2, velocity,-4.4, 2017-08-30 15:21:00.000013,40,40
i,n,11,jet #1, roll,-4.3, 2017-08-30 15:21:00.000014,31,31
i,n,12,jet #2, yaw,8.4, 2017-08-30 15:21:00.000015,41,41
i,n,13,jet #2, pitch,4.4, 2017-08-30 15:21:00.000016,42,42
i,n,14,jet #1, velocity,-4.3, 2017-08-30 15:21:00.000017,32,32
i,n,15,jet #2, roll,-4.4, 2017-08-30 15:21:00.000018,43,43
i,n,16,jet #1, yaw,8.3, 2017-08-30 15:21:00.000019,33,33
i,n,17,turboprop #1, pitch,23.1, 2017-08-30 15:21:06.000022,14,14

In these seventeen events, four planes stream data through the Source window: turboprop #1, 
turboprop #2, jet #1, and jet #2. Each event contains either a pitch, velocity, roll, or yaw value 
at a specific time.

n Wide mode produces output events that contain multiple columns, each based on data 
streamed through the input events.

n The values of TAG in the input events determine columns in output events.

n Tags‑included specify which specific values of TAG are to be included in the output events. 
Here, all four values of TAG are specified. 

n The value and time associated with pitch, yaw, roll, and velocity are included in the output 
event. The associated latitude and longitude are passed through.

n Output events are grouped by the value of PlaneID. 

Output columns are formed by taking the cross product of the following:

{pitch, yaw, roll, velocity} times {value, time}

This yields pitch_value, pitch_time, yaw_value, yaw_time, and so on.

13 Expand Transformations on the Windows pane on the left and drag a Transpose window to the 
workspace.

The right pane displays the Transpose window’s properties.

The input data is to be streamed through a Transpose window to create a single event (row). This 
event contains the pitch, velocity, roll, and yaw of each aircraft at a specific time.

14 Specify a name and description for the Transpose window. In the right pane, in the Name field, 
change the default name to TransposeW.

15 Connect the SourceW window to the TransposeW window with an edge:

a Position the cursor over the anchor point at the bottom of the SourceW window so that the 
anchor point color changes to white.
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b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the TransposeW window.

The TransposeW window now accepts values from the SourceW window.

16 Click the TransposeW window on the workspace.

17 Configure the TransposeW window’s settings:

a If necessary, click Settings to expand the section.

b Confirm the Mode field is set to Wide.

c In the Tag name field, select TAG from the drop-down list. 

d In the Included tags field, enter the following tag names: pitch, roll, yaw, and velocity. 
After you have entered each tag name, press Enter to confirm its creation.

Note: Ensure you enter each tag in all lowercase characters.

e In the Tag values field, double-click the row in the table

The Select Tag Value Fields window appears.

i Select the value and time fields.

ii Click OK to confirm your selection.

f In the Group By field, select PlaneID from the drop-down list.

18 Configure a subscriber connector for the TransposeW window:

a Expand Subscriber Connectors.

b Click .

The Connector Configuration window appears.

c In the Name field, enter sub.

d In the Fsname field, enter the full path to the output file: result.out. 

e In the Fstype field, enter csv.

f Configure the sub connector’s properties:

i Click All properties.

The All Properties window appears.

ii Enter %Y-%m-%d %H:%M:%S in the Value field of the dateformat property.

iii Click OK.

g Click OK.

19 Configure the project’s continuous query:

a Click .

b In the right pane, in the Name field, change the continuous query’s default name cq1 to 
transpose_cq.
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c Expand Debugging. 

d In the Trace in server log field, select TransposeW from the drop-down list.

20 The model is now complete. Click  to save your model.

21 Click .

A new page called Test: transpose_wide appears.

22 In the ESP Server drop-down list, select the ESP server on which you want to test the model.

23 Click .

The results for each window appear on separate tabs:

n The SourceW tab shows events representing the data received from the aircraft.

n The TransposeW tab shows the transposed aircraft data in wide format.

24 To stop the test, click .

The project stops and is unloaded from the ESP server.

Long Mode Example Steps
1 On the Projects page, click .

The New Project window appears.

2 In the New Project window, do the following:

a In the Name field, enter Transpose_long.

b In the Description field, enter a description: This example transposes information in 
long mode about the pitch, yaw, roll, and velocity of an aircraft in flight.

c Click OK.

If you do not currently have any ESP servers configured, you are prompted to decide whether 
you want to configure an ESP server now.If you are using a Kubernetes cluster, an ESP server 
is automatically created for you when you run the project in test mode. Therefore you do not 
need to manually create an ESP server.

Note: It is assumed that you do not have any ESP servers configured. If you already have 
ESP servers configured or you are going to run the project on an ESP server in a cluster, go to 
step 5.

3 Click Yes to configure an ESP server now or click No to skip the ESP server creation process.

If you selected Yes, the ESP Server Properties window appears.

4 If you selected No, skip this step. If you selected Yes to configure an ESP server now, do the 
following:

a In the Name field, enter or update the name that identifies the ESP server.

b In the Host field, enter or update the ESP server’s host name or IP address.
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c In the HTTP port field, enter or update the ESP server’s administration port number.

d If required, in the Description field, enter or update the description of the ESP server.

e If required, in the Tags field, enter or update any keywords that describe the ESP server and 
then press Enter. 

f If required, click Edit to change the setting for the Authentication field:

The Authentication window appears.

n None: This is the default option.

n Kerberos: This option is relevant only if the ESP server is configured to require 
authentication using Kerberos. 

n OAuth token: This option is relevant only if the ESP server is configured to require 
authentication. If you select this option, an additional field appears where you must enter 
the OAuth token.

n Username and password: This option is relevant only if the ESP server is configured to 
require authentication using a user name and password (SASLogon Services). If you select 
this option, additional fields appear where you must enter or confirm the user name and 
password.

g If required, select the Connect using SSL check box. Selecting this option is relevant only if 
the ESP server is configured to require SSL encryption.

h If required, select the Enable server logging check box to enable logging on the ESP server.

i If required, in the Number of messages to retain field, change the default number of 
messages that are retained by the ESP server log. The default is 10,000 messages.

j Click OK.

5 Configure your project’s threading level: 

a In the right pane, expand Attributes.

b In the Threads field enter 2.

6 Expand Input Streams on the Windows pane on the left and drag a Source window to the 
workspace.

The right pane displays the Source window’s properties.

This window receives events about

7 Specify a name for the Source window: in the right pane, in the Name field, change the default 
name to SourceW.

8 Change the SourceW window’s state and event type:

a Expand State and Event Type.

b In the Window state and index drop-down list, select Stateless (pi_EMPTY).

c Select the Accept only “Insert” events check box. 

9 Specify an output schema for the SourceW window:

a In the right pane, click .

b Click . 
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The Output Schema window appears.

c Click  to add a row to the schema table. After you add a row, click  again to add the next 

row.

Enter the following values in the rows:

Key Field Name Type

Y ID Int64

N pitch_value Double

N pitch_time Stamp

N yaw_value Double

N yaw_time Stamp

N roll_value Double

N roll_time Stamp

N velocity_value Double

N velocity_time Stamp

N lat Double

N long Double

n The event captures the value of the aircraft’s pitch, yaw, roll, and velocity along with the 
time at which they were recorded.

n The event captures the plane’s latitude (lat) and longitude (long) when the pitch, yaw, roll, 
or velocity is recorded.

d Click OK.

10 Configure the SourceWindow window to stream events from a file called input_long.csv that 
contains data from an aircraft in flight. To add a connector to this CSV file:

a In the right pane, click .

b Expand Input Data (Publisher) Connectors.

c Click  .

The Connector Configuration window appears.

d In the Name field, replace the default value with pub.

e In the Fsname field, enter the full path to the CSV file.

f In the Fstype field, enter csv.
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g Configure the pub connector’s properties:

i Click All properties.

The All Properties window appears.

ii Select false in the Value field of the transactional property.

iii Enter 1 in the Value field of the blocksize property.

iv Enter %Y-%m-%d %H:%M:%S in the Value field of the dateformat property. 

v Click OK.

h Click OK.

11 Collapse Input Data (Publisher) Connectors.

12 Open the input_long.csv file and examine its contents: 

I,N,1,23.100000,2017-08-30 15:21:06.000022,2.100000,2017-08-30 15:21:00.000007,
-1.100000,2017-08-30 15:21:00.000002,-1.100000,2017-08-30 15:21:00.000005,10.000000,10.000000

n Long mode produces one or more event per incoming event.

n The value and time associated with pitch, yaw, roll, and velocity are included in the output 
event. The associated latitude and longitude are passed through.

n Output events are grouped by the value of ID. 

When you use long mode, you obtain the inverse results of wide mode. The Transpose window 
streams a number of events for each wide event that it receives. Input schema for the Source 
window must reflect combinations of fields.

13 Expand Transformations on the Windows pane on the left and drag a Transpose window to the 
workspace.

The right pane displays the Transpose window’s properties.

The input data is to be streamed through a Transpose window to create a single event (row). This 
event contains the pitch, velocity, roll, and yaw of each aircraft at a specific time.

14 Specify a name and description for the Transpose window. In the right pane, in the Name field, 
change the default name to TransposeL.

15 Connect the SourceW window to the TransposeL window with an edge:

a Position the cursor over the anchor point at the bottom of the SourceW window so that the 
anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the TransposeL window.

The TransposeL window now accepts values from the SourceW window.

16 Click the TransposeL window on the workspace.

17 Configure the TransposeL window’s settings:

a If necessary, click Settings to expand the section.

b In the Mode field, select Long.

c In the Tag name field, enter TAG.
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d In the Included values field, enter the following tag names: value and time. After you have 
entered each tag name, press Enter to confirm its creation.

e In the Included tags field, enter the following tag names: pitch, roll, yaw, and velocity. After 
you have entered each tag name, press Enter to confirm its creation.

f Collapse Settings.

18 Create a subscribe connector:

a In the right pane, expand Subscriber Connectors and click .

The Connector Configuration window is displayed.

b In the Name field, replace the default value with sub.

c In the Fsname field, enter the full path to the CSV file.

d In the Fstype field, enter csv.

e Configure the sub connector’s properties:

i Click All properties.

The All Properties window appears.

ii Enter %Y-%m-%d %H:%M:%S in the Value field of the dateformat property. 

iii Enter 1 in the Value field of the Rate property.

iv Click OK.

f Click OK.

19 Configure the project’s continuous query:

a Click .

b In the right pane, in the Name field, change the continuous query’s default name cq1 to 
transpose_cq.

20 Configure your project’s debugging properties:

a Click .

b In the right pane, expand Debugging.

c In the Enable trace server logging for this query field, select tranposeL from the drop-down 
list.

21 The model is now complete. Click  to save your model.

22 Click .

A new page called Test: transpose_long appears.

23 In the ESP Server drop-down list, select the ESP server on which you want to test the model.

24 Click .

The results for each window appear on separate tabs:
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n The SourceW tab shows events representing the data received from the aircraft.

n The TransposeL tab shows the transposed aircraft data in long format.

25 To stop the test, click .

The project stops and is unloaded from the ESP server.

Performing Multi-Object Tracking (MOT)

Overview
This example uses an Object Tracking window to perform multi-object tracking (MOT). MOT is the 
process of accurately estimating the identity and position of multiple objects over time using a model 
that is based on incoming observations. The Object Tracking window couples trackers with detectors 
in a process called tracking-by-detection. Specifically, it uses an intersection-over-union (IOU) method 
of tracking-by-detection. In the tracking-by-detection method, an object detector is applied to each 
frame in a video. A tracker is then used to assign these detections to tracks. The IOU method tracks 
objects without using image information. Instead, it relies only on detection data. Using this method 
enables incremental and event-oriented tracking.

This example uses the following seven files:

n The XML file (model.xml) associated with this example.

n det.txt is an input file. This file contains detection data. 

n addObjId.csv is an output file. When you run the model, the object IDs are written to the 
addObjid.csv file.

n MOT17–04–FRCNN_1.csv is an input file. This file is the result of converting a video file into a 
CSV file. Each line in the CSV file represents a frame in the video.

n outputTracks.csv is an output file. When you run the model, the output tracks are written to the 
outputTracks.csv file.

n transpLong.csv is an output file. When you run the model, transposed output tracks are written to 
the transpLong.csv file. 

n outputTracksLong.csv is an output file. When you run the model, output tracks in long format are 
written to the outputTracksLong.csv file.

Project Details
The project contains eleven windows:

n swDetections is a Source window. This is where detection data from the det.txt file enters the 
model. 

n addObjId is a Compute window. This is where an object ID is assigned to each detection in the 
video file. A list of object IDs is output to the addObjId.csv file. 

n transpDetections is a Transpose window. This is where the detection data is transposed using 
each detection’s object ID. 

n detAgg is an Aggregate window. This is where the detection data is aggregated. 
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n swVideo is a Source window. This is where data from the MOT17–04–FRCNN_1.csv file enters 
the model. This file is the result of converting a video file into a CSV file. Each line in the file 
represents one frame in the video.

n getDetections is a Join window. This is where the video frames from the MOT17–04–
FRCNN_1.csv file and the detection data from the det.txt file are merged.

n tracking is an Object Tracker window. This is where incoming detection data is used to perform 
multi-object tracking. This window uses an input schema to propose detections.

n outputTracks is a Functional window. This is where the output tracks are written. A list of output 
tracks are output to the outputTracks.csv file. 

n transpLong is Transpose window. This is where the output tracks are transposed and written to 
the transpLong.csv file.

n filterEmptyObjects is a Filter window. This is where objects that do not contain any values are 
filtered out of the model. 

n outputTracksLong is a Functional window. This is where output tracks are written in long format to 
the outputTracksLong.csv file. 

Figure 16 Diagram of the Perform Multi-object Tracking (MOT) in Real-Time Model

Example Steps
1 On the Projects page, click .

The New Project window appears.

2 In the New Project window, do the following:

a In the Name field, enter MOT17_tracking.

b Click OK.
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If your deployment does not contain any configured ESP servers, you are prompted to decide 
whether you want to configure an ESP server now. If you are using a Kubernetes cluster, an 
ESP server is automatically created for you when you run the project in test mode. Therefore, 
you do not need to manually create an ESP server.

Note: It is assumed that your deployment does not contain any configured ESP servers. If 
your deployment already contains a configured ESP server or you are going to run the project 
on an ESP server in a cluster, go to step 5.

3 Click Yes to configure an ESP server now or click No to skip the ESP server creation process.

If you selected Yes, the ESP Server Properties window appears.

4 If you selected No, skip this step. If you selected Yes to configure an ESP server now, do the 
following:

a In the Name field, enter or update the name that identifies the ESP server.

b In the Host field, enter or update the ESP server’s host name or IP address.

c In the HTTP port field, enter or update the ESP server’s administration port number.

d If required, in the Description field, enter or update the description of the ESP server.

e If required, in the Tags field, enter or update any keywords that describe the ESP server and 
then press Enter. 

f If required, click Edit to change the setting for the Authentication field:

The Authentication window appears.

n None: This is the default option.

n Kerberos: This option is relevant only if the ESP server is configured to require 
authentication using Kerberos. 

n OAuth token: This option is relevant only if the ESP server is configured to require 
authentication. If you select this option, an additional field appears where you must enter 
the OAuth token.

n Username and password: This option is relevant only if the ESP server is configured to 
require authentication using a user name and password (SASLogon Services). If you select 
this option, additional fields appear where you must enter or confirm the user name and 
password.

g If required, select the Connect using SSL check box. Selecting this option is relevant only if 
the ESP server is configured to require SSL encryption.

h If required, select the Enable server logging check box to enable logging on the ESP server.

i If required, in the Number of messages to retain field, change the default number of 
messages that are retained by the ESP server log. The default is 10,000 messages.

j Click OK.

5 In the right pane, configure your project’s properties: 

a Expand Attributes.

b In the Default window state and index field, select Stateless (pi_EMPTY).

c Collapse Attributes.
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d Expand User-Defined Properties.

e Click  to add a row to the table.

f Click the cell in the Name column.

g Remove the default text and enter DATA_DIR.

h Click the cell in the Value column.

i Enter an appropriate location on your file system where the example’s data files can be stored.

6 Configure the project’s continuous query:

a Click .

b In the right pane, expand Attributes.

c Select the Instantiate unconnected Source windows at run time check box. 

Selecting this option instantiates singleton Source windows at run time. A Source window that 
is defined within a continuous query but not included in an edge element is called a singleton. 
Singletons can be useful to validate a connection between the outside world and the ESP 
server and validating input formats when designing a project.

7 Expand Input Streams on the Windows pane on the left and drag a Source window to the 
workspace.

The right pane displays the Source window’s properties.

8 Specify a name for the Source window:

a In the right pane, in the Name field, change the default name to swDetections.

b Collapse Name and Description.

9 Configure the swDetections window’s state and event type:

a Expand State and Event Type.

b In the Window state and index field, select Stateless (pi_EMPTY).

c Select the Accept only “Insert” events check box. 

d Select the Automatically generate the key field check box. 

e Collapse State and Event Type.

10 Configure the swDetections window to stream events from a file called det.txt that contains 
detection data. To add a connector to this file:

a Expand Input Data (Publisher) Connectors.

b Click  .

The Connector Configuration window appears.

c In the Name field, replace the default value with swDetections.

d In the Fsname field, enter the full path to the file. Alternatively, you might enter @DATA_DIR@/
det.txt. 

e In the Fstype drop-down list, select csv.
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f Click All properties:

The All Properties window appears.

i In the noautogenfield property’s Value field, select true from the drop-down list. 

ii In the addcsvopcode property’s Value field, select true from the drop-down list. 

iii In the addcsvflags property’s Value field, select normal from the drop-down list. 

iv Click OK.

g Click OK.

h Collapse Input Data (Publisher) Connectors.

11 Specify an output schema for the swDetections window:

a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click  to add a row to the schema table. After you add a row, click  again to add the next 

row.

Enter the following values:

Table 1 A Table Displaying Output Schema Values for the SwDetections Window

Key Field Name Type

Yes id Int64

No frame Int64

No a Int32

No x Double

No y Double

No w Double

No h Double

No score Double

d Click OK.

e Click .

12 Expand Transformations on the Windows pane on the left and drag a Compute window to the 
workspace.

The right pane displays the Compute window’s properties.
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13 Specify a name for the Compute window: 

a In the right pane, in the Name field, change the default name to addObjId.

b Collapse Name and Description.

14 Connect the swDetections window to the addObjId window with an edge:

a Position the cursor over the anchor point at the bottom of the swDetections window so that the 
anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the addObjId window.

The addObjId window now accepts values from the swDetections window.

15 Click the addObjId window on the workspace. 

16 Configure the addObjId window’s state:

a In the right pane, expand State.

b From the State field, select Stateless (pi_EMPTY) from the drop-down list. 

c Collapse State.

17 Configure the addObjId window’s compute settings:

a Expand Compute Settings.

b In the Compute method field, confirm that Expressions is selected from the drop-down list.

c Select the Include engine initialization expression check box.

d In the Return type field, confirm that string is selected. 

e In the Expression field, enter:

integer last_frame; last_frame = 0;
            integer obj_number; obj_number = 0;

In this expression, you have declared the variables last_frame and obj_number and assigned 
these variables the value of 0.

f Click  to validate the expression.

A message appears, informing you of the expression’s validity.

Note: To validate your expression successfully, a working ESP server must be available. If you 
are using only a Kubernetes environment, skip this step as expression validation is not 
supported for a project running on a cluster.

g Confirm that the expression is valid.

h Select the Include user-defined functions check box.

i Click .

The User-Defined Function Properties window appears.

j In the Name field, enter getObjNb.
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k Click . 

The Rick-Expression Editor window appears.

l Enter the following in the text box:

private integer curr_frame; 
              curr_frame = parameterstring(1);
              if curr_frame !=last_frame then begin;
                obj_number = 0;
              end;
              else begin;
                obj_number = obj_number + 1;
              end;
              last_frame = curr_frame;
              return obj_number;

In this expression, you have defined a function to return the object number from the current 
frame in the video file.

m Click Validate Expression.

A message appears, informing you of the expression’s validity.

Note: To validate your expression successfully, a working ESP server must be available. If you 
are using only a Kubernetes environment, skip this step as expression validation is not 
supported for a project running on a cluster.

n Confirm that the expression is valid.

o Click OK.

p In the Return type field, select int32 from the drop-down list.

q Click OK.

r Collapse Compute Settings.

18 Configure a subscriber connector for the addObjId window.

a Expand Subscriber Connectors.

b Click  .

The Connector Configuration window appears.

c In the Name field, enter addObjId.

d In the Fsname field, enter @DATA_DIR@/addObjId.csv. 

e In the Fstype field, enter csv.

f Click All Properties:

i In the header property’s Value field, select full from the drop-down list. 

ii Click OK.

g Click OK.

19 Specify an output schema for the addObjId window:
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a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click .

The Copy Fields From Input Schema window appears.

d Select the following fields:

Note: Do not select the a field. 

Table 2 A Table Displaying Output Schema Values for the addObjId Window

Window Field Type

swDetections id Int64

swDetections frame Int64

swDetections x Double

swDetections y Double

swDetections w Double

swDetections h Double

swDetections score Double

e Click OK.

You are returned to the Output Schema window.

f Locate the Frame field in the table and change its default expression to frame-1.

g Click  to add a row to the schema table. After you add a row, click  again to add the next 

row.

Enter the following values:

Table 3 A Table Displaying Output Schema Field Expressions for the addObjId Window

Key Field Name Type Expression

No objId string 'obj_' & getObjNb(frame)

No objCount int32 obj_number+1

No label string 'person'
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h Click OK.

i Click .

20 Expand Transformations on the Windows pane on the left and drag a Transpose window to the 
workspace.

The right pane displays the Transpose window’s properties.

21 Specify a name for the Transpose window: 

a In the right pane, in the Name field, change the default name to transpDetections.

b Collapse Name and Description.

22 Connect the addObjId window to the transpDetections window with an edge:

a Position the cursor over the anchor point at the bottom of the addObjId window so that the 
anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the transpDetections window.

The transpDetections window now accepts values from the addObjId window.

23 Click the transpDetections window on the workspace.

24 Configure the transpDetections window’s settings:

a Expand Settings if it not already expanded.

b In the Mode field, confirm that Wide is selected.

c In the Tag name field, select objId from the drop-down list.

d In the Tag values field, click the table.

The Select Tag Value Fields window appears.

e Select the following fields:

Table 4 A Table Displaying Tag Values to Be Selected

Field Type

x Double

y Double

w Double

h Double

score Double

label String

f Click OK to close the Select Tag Values Fields window.
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g In the Clear timeout field, confirm that Never is selected. 

h In the Group by field, enter frame. 

i Click .

The XML Editor appears.

j Copy and paste the following XML code into the <window‑transpose> XML tag:

tags-included="obj_0,obj_1,obj_2,obj_3,obj_4,obj_5,obj_6,obj_7,
obj_8,obj_9,obj_10,obj_11,obj_12,obj_13,obj_14,obj_15,obj_16, 
obj_17,obj_18,obj_19,obj_20,obj_21,obj_22,obj_23,obj_24,obj_25,
obj_26,obj_27,obj_28,obj_29,obj_30,obj_31,obj_32,obj_33,obj_34,
obj_35,obj_36,obj_37,obj_38,obj_39,obj_40,obj_41,obj_42,obj_43,
obj_44,obj_45,obj_46,obj_47,obj_48,obj_49,obj_50,obj_51,obj_52,
obj_53,obj_54,obj_55,obj_56,obj_57,obj_58,obj_59,obj_60,obj_61,
obj_62,obj_63,obj_64,obj_65"

Copying and pasting the XML code above using the XML Editor is quicker and more efficient 
that manually entering each tag using the Included tags field in the user interface.

Note: Ensure you paste the above XML code before the closing XML tag />.

k Click .

25 Examine the Included tags field and note that the tags that you just created using the XML Editor 
appear in the field.

26 Inspect the transpDetections output schema: 

a In the right pane, click .

b Examine the output schema and note that the tags and tag values that you just created are 
now included in the schema. 

c Click .

27 Expand Transformations on the Windows pane on the left and drag an Aggregate window to the 
workspace.

The right pane displays the Aggregate window’s properties.

28 Specify a name for the Aggregate window: 

a In the right pane, in the Name field, change the default name to detAgg.

b Collapse Name and Description.

29 Configure the detAgg window’s state:

a Expand State.

b In the Window state and index field, select Stateful (pi_HASH).

30 Examine the detAgg window’s aggregation settings

a Click Aggregation Settings.

b In the Aggregation method field, confirm that Expressions is selected.
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31 Connect the transpDetections window to the detAgg window with an edge:

a Position the cursor over the anchor point at the bottom of the transpDetections window so that 
the anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the detAgg window.

The detAgg window now accepts values from the transpDetections window.

32 Click the detAgg window on the workspace.

33 Specify an output schema for the detAgg window:

a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click .

The Copy Fields From Input Schema window appears.

d Select all of the fields in the table with the exception of the id field.

e Click OK.

You are returned to the Output Schema window.

f Select the frame field to be the key field.

g Select the objCount field.

h Click to move the objCount field to be the second field in the schema.

i Click OK.

j Examine the output schema. Each field in the schema now has an aggregation value.

k Click .

34 Expand Input Streams on the Windows pane on the left and drag a Source window to the 
workspace.

The right pane displays the Source window’s properties.

35 Specify a name for the Source window: 

a In the right pane, in the Name field, change the default name to swVideo.

b Collapse Name and Description.

36 Configure the swVideo window’s state and event type:

a Expand State and Event Type.

b In the Window state and index field, select Stateless (pi_EMPTY).

c Select the Accept only “Insert” events check box.
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37 Configure the swVideo window to stream events from a file called MOT17–04–FRCNN_1.csv that 
contains frames from a video file that has been converted into CSV format. To add a connector to 
this file:

a Expand Input Data (Publisher) Connectors.

b Click  .

The Connector Configuration window appears.

c In the Name field, replace the default value with csv_file.

d In the Fsname field, enter the full path to the file. Alternatively, you might enter @DATA_DIR@/
MOT17-04-FRCNN_1.csv. 

e In the Fstype drop-down list, select csv.

f Click OK.

g Collapse Input Data (Publisher) Connectors.

38 Specify an output schema for the swVideo window:

a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click  to add a row to the schema table. After you add a row, click  again to add the next 

row.

Enter the following values:

Table 5 A Table Displaying Output Schema Values for the swVideo Window

Key Field Name Type

Y ID Int64

N image Blob

d Click OK.

e Click .

39 Expand Transformations on the Windows pane on the left and drag a Join window to the 
workspace.

The right pane displays the Join window’s properties.

40 Specify a name for the Join window: In the right pane, in the Name field, change the default name 
to getDetections.

41 Connect the swVideo window to the getDetections window with an edge:

a Position the cursor over the anchor point at the bottom of the swVideo window so that the 
anchor point color changes to white.
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b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the getDetections window.

The getDetections window now accepts values from the swVideo window.

42 Connect the detAgg window to the getDetections window with an edge:

a Position the cursor over the anchor point at the bottom of the detAgg window so that the 
anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the getDetections window.

The getDetctions window now accepts values from the detAgg window.

43 Click the getDetections window on the workspace. 

44 Examine the getDetections window’s settings:

a Expand Settings.

b Inspect the Left window and Right window fields. Notice that the swVideo window is 
regarded as the left window and the detAgg window is regarded as the right window. This is 
due to the order in which you added the edges.

c In the Output field calculation method field, confirm that Select fields is selected from the 
drop-down list.

As a result of choosing the Select fields option, as new input events arrive, the non-key fields 
for the join are calculated using a join selection string. This selection string is a one-to-one 
mapping of input fields to join fields.

d Collapse Settings.

45 Configure the getDetections window’s join criteria:

a Expand Join Criteria.

b In the Join type field, confirm that Left Outer is selected.

c Select the Set the “no re-generates” option check box.

The default join behavior is to always regenerate the appropriate rows of a Join window when 
a change is made to either side of the joins. With no-regeneration mode, when there is a left 
outer join on a change to the right window (lookup side), changes to the dimension (lookup) 
table affect only new fact events. All previous fact events that have been processed by the join 
are not regenerated. This frequently occurs when a new dimension window is periodically 
flushed and re-loaded. Setting this flag to true for your Join window enables the no-
regenerates semantics.

d Collapse Join Criteria.

46 Configure the getDetections window’s join conditions: 

a Expand Join Conditions.

b In the Join Conditions field, click  to add a join condition.

c Click the cell in the Left: swVideo column twice, and select ID from the drop-down list.

d Click the cell in the Right: detAgg column twice, and select frame from the drop-down list.
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47 Specify an output schema for the getDetections window:

a In the right pane, click .

b Click . 

The Edit Output Schema window appears.

c Click .

The Copy Fields From Input Schema window appears.

d Select all of the fields in the table with the exception of the ID field and the frame field.

e Click OK.

You are returned to the Edit Output Schema window.

f Click OK.

g Click .

48 Expand Utilities on the Windows pane on the left and drag an Object Tracker window to the 
workspace.

The right pane displays the Object Tracker window’s properties.

49 Specify a name for the Object Tracker window: 

a In the right pane, in the Name field, change the default name to tracking.

b Collapse Name and Description.

50 Configure the tracking window’s settings:

a Expand Settings.

b In the Mode field, select Wide. 

c In the Output tracks field, change the default entry to 65.

In the tracking-by-detection method, an object detector is applied to each frame in a video. A 
tracker is then used to associate these detections to tracks. In this example, 65 tracks are 
used.

d Select the Output velocity vector coordinates check box.

Selecting this option displays the coordinates of the last velocity vector of the object.

e Collapse Settings.

51 Configure the tracking window’s tracking properties:

a Expand Tracking Properties.

b In the Tracking Method field, confirm that IOU is displayed.

This example uses the intersection-over-union (IOU) tracking method. Tracking using this 
method is implemented by associating detections by their spatial overlap between time steps.

c In the Sigma score section, in the Low field, confirm that 0.3 is the default entry. 

The sigma score Low field specifies the low detection threshold value (σl value).
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d In the Sigma score section, in the High field, change the default entry to 0.7.

The sigma score High field specifies the high detection threshold value (σh value).

e In the Sigma thresholds section, in the First field, change the default entry to 0.6.

The First field specifies the first IOU threshold value (σIOU value).

f In the Sigma thresholds section, in the Second field, confirm that 0.3 is the default entry.

The Second field specifies the second IOU threshold value (σIOU2 value).

g In the Sigma thresholds section, in the Duplicate field, delete the default entry.

The Duplicate field specifies the IOU duplicate threshold value (σIOU-dup value). The default 
value is 0.0, which means that the property is disabled.

h In the Velocity vector frames field, change the default entry to 11. 

This parameter defines the number of frames used to calculate the velocity vector.

i In the Maximum undetected tracks time-to-live field, change the default entry to 60.

Tracks begin with multiple lives. When a track is left unmatched with any detection on a frame, 
it loses a life. After several frames without matching a detection, it dies. The parameter max-
track-lives sets the life duration of tracks without detection.

j In the Minimum track length for missing frames field and the Track retention frames field, 
delete the default entries.

The Minimum track length for missing frames field specifies the minimum track length 
before permitting a missing frame. This is the tmin value. When a track has a length lower than 
this value, it dies as soon as it gets a missing detection.

The Track retention frames field specifies the number of frames that tracks keep in the 
history of positions in memory.

k Collapse Tracking Properties.

52 Configure the tracking window’s coordinate properties:

a Expand Coordinate Properties.

b In the Coordinate type field, confirm that Top left rectangle (rect) is the default selection.

This option enables you to specify the input coordinate format. The Top left rectangle (rect) 
format specifies a bounding box by using the x and y coordinates of its top left corner along 
with width and height values.

c In the Coordinate type table, for the X attribute field, change the default entry for Mapping to 
obj_%_x.

d In the Coordinate type table, for the Y attribute field, change the default entry for Mapping to 
obj_%_y.

e In the Coordinate type table, for the Width field, change the default entry for Mapping to 
obj_%_w.

f In the Coordinate type table, for the Height field, change the default entry for Mapping to 
obj_%_h.

g In the Input mappings table, for the Attribute count field, change the default entry for 
Mapping to objCount.
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h In the Input mappings table, for the Attribute score field, change the default entry for 
Mapping to obj_%_score.

i In the Input mappings table, for the Attribute label field, change the default entry for 
Mapping to obj_%_label.

53 Connect the getDetections window to the tracking window with an edge:

a Position the cursor over the anchor point at the bottom of the getDetections window so that the 
anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the tracking window.

The tracking window now accepts values from the getDetections window.

54 Expand Transformations on the Windows pane on the left and drag a Functional window to the 
workspace.

The right pane displays the Functional window’s properties.

55 Specify a name for the Functional window: 

a In the right pane, in the Name field, change the default name to outputTracks.

b Collapse Name and Description.

56 Configure the outputTracks window’s state:

a Expand State.

b In the Window state and index drop-down list, select Stateless (pi_EMPTY).

c Collapse State.

57 Configure a subscriber connector for the outputTracks window.

a Expand Subscriber Connectors.

b Click  .

The Connector Configuration window appears.

c In the Name field, enter outputTracks.

d In the Fsname field, enter @DATA_DIR@/outputTracks.csv. 

e In the Fstype field, enter csv.

f Click All Properties.

i In the header property’s Value field, select full from the drop-down list. 

ii Click OK.

g Click OK.

58 Connect the tracking window to the outputTracks window with an edge:

a Position the cursor over the anchor point at the bottom of the tracking window so that the 
anchor point color changes to white.
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b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the outputTracks window.

The outputTracks window now accepts values from the tracking window.

59 Click the outputTracks window on the workspace. 

60 Specify an output schema for the outputTracks window:

a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click .

The Copy Fields From Input Schema window appears.

d Select all of the fields in the table with the exception of the image field.

e Click OK.

You are returned to the Output Schema window.

f Click OK.

61 Click 

62 Expand Transformations on the Windows pane on the left and drag a Transpose window to the 
workspace.

The right pane displays the Transpose window’s properties.

63 Specify a name for the Transpose window: 

a In the right pane, in the Name field, change the default name to transpLong.

b Collapse Name and Description.

64 Connect the outputTracks window to the transpLong window with an edge:

a Position the cursor over the anchor point at the bottom of the outputTracks window so that the 
anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the transpLong window.

The transpLong window now accepts values from the outputTracks window.

65 Configure the transpLong window’s settings:

a Expand Settings if it is not already expanded.

b In the Mode field, select Long.

c In the Tag name field, enter obj.

d In the Included values field, enter the following values:

n id

n label
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n score

n x

n y

n h

n w

n center_x

n center_y

n track_x

n track_y

n vvect_x

n vvect_y

Note: Press Enter to confirm each value’s entry. 

e Click .

The XML Editor appears.

f Copy and paste the following XML code into the <window‑transpose> XML tag:

tags-included="Object0,Object1,Object2,Object3,Object4,Object5,Object6,Object7,
Object8,Object9,Object10,Object11,Object12,Object13,Object14,Object15,Object16,
Object17,Object18,Object19,Object20,Object21,Object22,Object23,Object24,
Object25,Object26,Object27,Object28,Object29,Object30,Object31,Object32,
Object33,Object34,Object35,Object36,Object37,Object38,Object39,Object40,
Object41,Object42,Object43,Object44,Object45,Object46,Object47,Object48,
Object49,Object50,Object51,Object52,Object53,Object54,Object55,Object56,
Object57,Object58,Object59,Object60,Object61,Object62,Object63,Object64"

Copying and pasting the XML code above using the XML editor is quicker and more efficient 
that manually entering each tag using the Included tags field in the user interface.

Note: Ensure you paste the above XML code before the closing XML tag />.

g Click .

h Collapse Settings.

66 Configure a subscriber connector for the transpLong window.

a Expand Subscriber Connectors.

b Click  .

The Connector Configuration window appears.

c In the Name field, enter transpLong.

d In the Fsname field, enter @DATA_DIR@/transLong.csv. 

e In the Fstype field, enter csv.
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f Click All Properties.

i In the header property’s Value field, select full from the drop-down list. 

ii Click OK.

g Click OK.

67 Expand Transformations on the Windows pane on the left and drag a Filter window to the 
workspace.

The right pane displays the Filter window’s properties.

68 Specify a name for the Filter window: 

a In the right pane, in the Name field, change the default name to filterEmptyObjects.

b Collapse Name and Description.

69 Configure the filterEmptyObjects window’s filter settings:

a Expand Filter.

b In the Filter method field, confirm that Expression is selected.

c In the Filter method text box, enter not isblank(id).

d Click  to validate the expression.

A message appears, informing you of the expression’s validity.

Note: To validate your expression successfully, a working ESP server must be available. If you 
are using only a Kubernetes environment, skip this step as expression validation is not 
supported for a project running on a cluster.

e Confirm that the expression is valid.

70 Connect the transpLong window to the filterEmptyObjects window with an edge:

a Position the cursor over the anchor point at the bottom of the transpLong window so that the 
anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the filterEmptyObjects window.

The transpLong window now accepts values from the filterEmptyObjects window.

71 Expand Transformations on the Windows pane on the left and drag a Functional window to the 
workspace.

The right pane displays the Functional window’s properties.

72 Specify a name for the Functional window: 

a In the right pane, in the Name field, change the default name to outputTracksLong.

b Collapse Name and Description.

73 Configure the outputTracks window’s state:

a Expand State.
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b In the Window state and index drop-down list, select Stateless (pi_EMPTY).

c Collapse State.

74 Configure a subscriber connector for the outputTracksLong window.

a Expand Subscriber Connectors.

b Click  .

The Connector Configuration window appears.

c In the Name field, enter outputTracksLong.

d In the Fsname field, enter @DATA_DIR@/outputTracksLong.csv. 

e In the Fstype field, enter csv.

f Click All Properties.

i In the header property’s Value field, select full from the drop-down list. 

ii Click OK.

g Click OK.

75 Connect the filterEmptyObjects window to the outputTracksLong window with an edge:

a Position the cursor over the anchor point at the bottom of the filterEmptyObjects window so 
that the anchor point color changes to white.

b Click the white anchor point, hold the mouse button down, and draw a line to the anchor point 
in the outputTracksLong window.

The outputTracksLong window now accepts values from the filterEmptyObjects window.

76 Click the outputTracksLong window on the workspace. 

77 Specify an output schema for the outputTracksLong window:

a In the right pane, click .

b Click . 

The Output Schema window appears.

c Click .

The Copy Fields From Input Schema window appears.

d Select the following fields:

Table 6 A Table Displaying Output Schema Fields to Be Copied to the OutputTracksLong Window

Window Field Type Key

FilterEmptyObjects ID int64 Y

FilterEmptyObjects id int64 N

FilterEmptyObjects label string N
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Window Field Type Key

FilterEmptyObjects score double N

FilterEmptyObjects x double N

FilterEmptyObjects y double N

FilterEmptyObjects h double N

FilterEmptyObjects w double N

FilterEmptyObjects center_x double N

FilterEmptyObjects center_y double N

FilterEmptyObjects track_x array(dbl) N

FilterEmptyObjects track_y array(dbl) N

FilterEmptyObjects vvect_x double N

FilterEmptyObjects vvect_y double N

FilterEmptyObjects Object_density int32 N

e Click OK.

You are returned to the Output Schema window.

f Specify the id field to be an additional key field.

The ID and id fields are now specified as the key fields.

g Click to move the Object_density field to be the second field in the schema.

h Click OK.

78 Configure your model’s connector orchestration:

a Click .

b In the right pane, expand Connector Orchestration.

c Click  below the Connector groups label.

The Connector groups window appears.

d In the Name field, enter subscribers.

e Click  below the Connectors label.

f In the Connector column, click the newly created row and select cq1/outputTracksLong/
outputTracksLong from the drop-down list.
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g In the Target state column, select Running from the drop-down list.

h Click  below the Connectors label.

i In the Connector column, click the newly created row and select cq1/transpLong/transpLong 
from the drop-down list.

j In the Target state column, select Running from the drop-down list.

k Click  below the Connectors label.

l In the Connector column, click the newly created row and select cq1/outputTracks/
outputTracks from the drop-down list.

m In the Target state column, select Running from the drop-down list.

n Click  below the Connectors label.

o In the Connector column, click the newly created row and select cq1/addObjId/addObjId from 
the drop-down list.

p In the Target state column, select Running from the drop-down list.

q Click OK.

r Click  below the Connector groups label.

The Connector groups window appears.

s In the Name field, enter detections.

t Click  below the Connectors label.

u In the Connector column, click the newly created row and select cq1/swDetections/
swDetections from the drop-down list.

v In the Target state column, confirm that Finished is selected from the drop-down list.

w Click OK.

x Click  below the Connector groups label.

The Connector groups window appears.

y In the Name field, enter stream.

z Click  below the Connectors label.

aa In the Connector column, click the newly created row and select cq1/swVideo/csv_file from 
the drop-down list.

ab In the Target state column, confirm that Finished is selected from the drop-down list.

ac Click OK.

ad Configure the dependency rules. Click  below the Dependency rules label. After you add a 

row, click  again to add the next row.

Enter the following values in the rows:

74



Table 7 A Table Displaying the Model’s Dependency Rules

Row Controlling Group Dependent Group

1 subscribers detections

2 detections stream

79 The model is now complete. Click  to save your model.

80 Click .

A new page called Test: MOT17_tracking_proj appears.

81 In the ESP Server drop-down list, select the ESP server on which you want to test the model.

82 Click .

The results for each window appear on separate tabs:

n The swDetections tab shows detection data.

n The addObjid tab shows detection data with an object ID assigned to each frame in the video.

n The transpDetections tab shows transposed detection data.

n The detAgg tab shows aggregated detection data. 

n The swVideo tab displays the ID of the video file. 

n The getDetections tab combines a list video frames with a list of detection data.

n The tracking tab shows tracking data for each object. 

n the outputTracks tab lists the model’s output tracks.

n The transpLong tab shows a transposed list of the model’s output tracks in long format.

n The filterEmptyObjects tab shows a filtered list of objects that do not contain empty values.

n The outputTracksLong tab shows a list of output tracks in long format.

83 To stop the test, click .

The project stops and then unloads from the ESP server.

Using SAS Event Stream Manager

Overview of the Stock Trade Example
The Stock Trade example provides an end-to-end example of how to deploy a project using a job 
template. By following this example, you learn how to do the following tasks:
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n create a deployment

n associate an ESP server with the deployment

n upload a project and a job template

n deploy the job template

n monitor the deployment

n stop a running job

The example uses the five files listed below. Four of these files are provided for you by SAS (for more 
information, see “Prepare the Example Files for Use” on page 76), and one file is created when you 
deploy the job template.

n trades_connector_stocksymbol_project.xml is the project used in the example. For more 
information about the content of this project, see “The Stock Trade Project” on page 81.

n trades_connector_stocksymbol_job_template.xml is a job template that loads and starts a project. 
The job template also collects user input. When the job template is deployed, a placeholder is 
replaced with the stock code that is selected by the user. For more information about the content 
of this job template, see “The Stock Trade Job Template” in SAS Event Stream Manager: 
Examples.

n trades1M.csv contains stock trade data used as input events in this example.

n placeholder_filtered_trades.csv is an output file. When you deploy the job template, the project 
processes stock trades and filters out trades that match a specified stock code. The project then 
writes these trades into the placeholder_filtered_trades.csv file.

n stop_project_job_template.xml is a job template that you can deploy to stop the running project 
when you have finished exploring this example. For more information about the content of this job 
template, see “A Job Template for Stopping a Project” in SAS Event Stream Manager: Examples.

Note: To use the Stock Trade example, you need an ESP server that is not in a cluster. You cannot 
deploy job templates to an ESP server that is in a cluster. For more information, see “ESP Server in a 
Cluster” in SAS Event Stream Manager: Using SAS Event Stream Manager. The project file that is 
provided in the Stock Trade example is intended for use with the job templates in the example.

Stock Trade Example Steps

Prepare the Example Files for Use
1 Download the SAS Event Stream Manager examples package from https://support.sas.com/kb/

60/324.html.

2 Save the following files that are contained in the package to a temporary location on your 
computer:

n trades_connector_stocksymbol_project.xml

n trades_connector_stocksymbol_job_template.xml

n stop_project_job_template.xml

3 Download the SAS Event Stream Processing code samples package from https://
support.sas.com/downloads/package.htm?pid=2421.
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4 Save the /xml/vwap_xml/trades1M.csv file from the package to the server on which SAS Event 
Stream Processing is running.

5 Update the trades_connector_stocksymbol_project.xml file to point to the location of the 
trades1M.csv file:

a Open the trades_connector_stocksymbol_project.xml file in a text editor.

b Locate the following line (for example, by searching):

<![CDATA[/data/input/trades1M.csv]]>

c Update the directory path to point to the location of the trades1M.csv file on the server on 
which SAS Event Stream Processing is running.

d Locate the following line (for example, by searching):

<![CDATA[/data/placeholder_filtered_trades.csv]]>

e Update the directory path to point to a location on the server on which SAS Event Stream 
Processing is running where the output file can be written.

f Save the trades_connector_stocksymbol_project.xml file.

Create the Stock Trade Deployment
1 On the Deployments page, click .

The Deployment Properties window appears.

2 In the Name field, enter Stock Trade.

3 In the Description field, enter A deployment for processing stock trades.

4 In the Tags field, enter stock.

5 Click OK.

The Stock Trade deployment appears on a new page.

Add an ESP Server
You must associate an ESP server with the Stock Trade deployment.

Note: Ensure that you have an ESP server that you can use for this example. To follow the Stock 
Trade example, you need an ESP server that is not in a cluster. You cannot deploy job templates to 
an ESP server that is in a cluster. You can view available ESP servers that are not in a cluster on the 
Unassigned Servers page. SAS Event Stream Manager detects some ESP servers automatically. 
You can also connect directly to an ESP server. In this case, SAS Event Stream Manager becomes 
aware of the ESP server only after you have connected. For more information, see “Connecting 
Directly to an ESP Server” in SAS Event Stream Manager: Using SAS Event Stream Manager.

To add an ESP server to the Stock Trade deployment:

1 Click  and select Add an unassigned server.

The Add and Remove ESP Servers window appears.
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2 Move the desired ESP server from the Available servers table to the Selected servers table.

3 Click OK.

The ESP server appears in the table on the Stock Trade deployment page.

Upload and Publish the Stock Trade Project

Note: You make the stock trade project available to SAS Event Stream Manager by using SAS Event 
Stream Processing Studio to upload and publish the project. However, if SAS Event Stream 
Processing Studio is running as a stand-alone application, you cannot use it to publish projects. 
Therefore, you must upload the stock trade project to SAS Event Stream Manager. For more 
information, see “Upload a Project” in SAS Event Stream Manager: Using SAS Event Stream 
Manager.

To use SAS Event Stream Processing Studio to upload and publish the stock trade project:

1 Upload the trades_connector_stocksymbol_project.xml file to SAS Event Stream Processing 
Studio. For more information, see “Upload a Project” in SAS Event Stream Processing: Using SAS 
Event Stream Processing Studio.

The filteredtrades project appears on the Projects page in SAS Event Stream Processing 
Studio.

2 Publish the filteredtrades project. For more information, see “Publish a Version of a Project” in 
SAS Event Stream Processing: Using SAS Event Stream Processing Studio.

Afterward, the filteredtrades project appears on the Projects page in SAS Event Stream Manager.

To explore the project’s contents, right-click the filteredtrades project on the Projects page and 
select Open project. The project opens and you can click the Diagram, XML, Details, Versions, and 
Files tabs to explore their contents.

Upload the Stock Trade Job Template
1 On the Job Templates page, click  and select Upload job template.

The Upload Job Template window appears.

2 Fill out the fields as follows:

n File: Navigate to the trades_connector_stocksymbol_job_template.xml file.

n Tags: Enter stock.

n Production template: Leave this check box deselected.

n Version notes: Enter First version.

3 Click OK.

The Filter Trades by Stock Code job template appears on the Job Templates page.

Note: To explore the job template’s contents, right-click the Filter Trades by Stock Code job 
template and select Open.
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Deploy the Stock Trade Job Template
1 On the Job Templates page, select the Filter Trades by Stock Code job template and click 

.

The Job Template ‘Filter Trades by Stock Code’ v.1 window appears.

2 Fill out the fields as follows:

n Deployment: Select Stock Trade.

n Project: Select filteredtrades.

n Latest available version: This field is automatically set to 1.0.

n ESP server: Select your ESP server.

n Stock symbol code: Select Micro Focus.

When the job template is deployed, trades for Micro Focus stock are identified with the MCRO 
stock code.

Note: The Deployment field always appears in this window. The other fields appear because 
they are specified in the job template parameters.

3 Click OK.

The Filter Trades by Stock Code page appears. When the Load Project task has completed 
successfully, its status is displayed as .

Monitor the Deployment
1 On the Deployments page, select the Stock Trade deployment and click .

The Stock Trade page appears.

2 In the main table, select your ESP server.

The MCRO_1 project appears in the bottom pane.

3 Right-click the MCRO_1 project and select Open running project.

The MCRO_1 page appears.

4 Select each tab in turn to view the results for each window:

n The source_win tab displays a snapshot of input events in real time.

The source_win window has no index. After all the events in the CSV file have been displayed, 
the table is empty.

n The symcode_filter tab lists trades for the selected stock code, MCRO.

The symcode_filter window has an index. After all the events in the CSV file have been 
displayed, the table still contains some events.

n The aggFromFilt tab displays aggregated results.

The aggFromFilt window has an index. After all the events in the CSV file have been 
displayed, the table still contains some events. However, to see all the results, open the 
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placeholder_filtered_trades.csv file on the server on which SAS Event Stream Processing is 
running:

If you want to see results for the other two stocks, deploy the project again and select a different 
stock.

Stop the Stock Trade Job
When you have finished exploring this example, you can stop the running job by deploying another 
job template file, stop_project_job_template.xml. Deploying this job template stops the selected 
project and unloads it from the ESP server.

1 On the Job Templates page, click  and select Upload job template.

The Upload Job Template window appears.

2 In the File field, select the stop_project_job_template.xml file.

3 Click OK.

4 Select the Remove a Running Project v.1 job template and click .

The Job Template ‘Remove a Running Project’ v.1 window is displayed.

5 Fill out the fields as follows:

n Deployment: Select Stock Trade.

n ESP server: Select your ESP server.

n Project to unload: Select MCRO_1.

Note: If you selected a different stock code when exploring the example, select the code for 
that stock instead.

6 Click OK.

The Remove a Running Project page appears.

This job template has two tasks: Stop Project and Unload Project. When each task has 
completed successfully, the status for each job is displayed as .
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The Stock Trade Project
The trades_connector_stocksymbol_project.xml file contains three windows:

n The source_win window is a source window. This window is where trades data from the 
trades1M.csv file enters the model.

n The symcode_filter window is a filter window. It contains a filter expression that identifies events 
with a specified stock symbol code.

n The aggFromFilt window is an aggregate window. This window places events into aggregate 
groups and calculates the weighted average price, maximum price, minimum price, and standard 
deviation. This window also writes the results in the placeholder_filtered_trades.csv file.

Figure 17 Diagram of the Stock Trade Project

Here is the project XML:

<project name="filteredtrades" pubsub="auto" threads="8">
   <description>
    This project finds trades that match a specified stock code.
   </description>
   <contqueries>
      <contquery name="cq">
         <windows>
            <window-source name="source_win" index="pi_EMPTY" 
             insert-only="true" collapse-updates="true">
               <schema>
                  <fields>
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                     <field name="ID" type="int32" key="true"/>
                     <field name="symbol" type="string"/>
                     <field name="currency" type="int32"/>
                     <field name="udate" type="int64"/>
                     <field name="msecs" type="int32"/>
                     <field name="price" type="double"/>
                     <field name="quantity" type="int32"/>
                     <field name="venue" type="int32"/>
                     <field name="broker" type="int32"/>
                     <field name="buyer" type="int32"/>
                     <field name="seller" type="int32"/>
                     <field name="buysellflg" type="int32"/>
                     <field name="time" type="stamp"/>
                  </fields>
               </schema>
               <connectors>
                  <connector name="csv_data_provider" class="fs">
                     <properties>
                        <property name="type">
                           <![CDATA[pub]]>
                        </property>
                        <property name="fstype">
                           <![CDATA[csv]]>
                        </property>
                        <property name="fsname">
                           <![CDATA[/data/input/trades1M.csv]]>
                        </property>
                        <property name="transactional">
                           <![CDATA[true]]>
                        </property>
                        <property name="blocksize">
                           <![CDATA[1]]>
                        </property>
                        <property name="dateformat">
                           <![CDATA[%Y-%m-%d %H:%M:%S]]>
                        </property>
                     </properties>
                  </connector>
               </connectors>
            </window-source>
            <window-filter name="symcode_filter">
               <description>
                This is a Filter window with a filter expression to 
                get events that have a specified stock symbol code. 
                The Filter window has the same schema as the input 
                window. As a result, there is no schema defined for 
                the Filter window.
               </description>
               <expression>symbol == '{{{symcode}}}'</expression>
            </window-filter>
            <window-aggregate name="aggFromFilt" collapse-updates="true">
               <schema>
                  <fields>
                     <field name="symbol" type="string" key="true"/>
                     <field name="awap" type="double"/>
                     <field name="minPrice" type="double"/>
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                     <field name="maxPrice" type="double"/>
                     <field name="std" type="double"/>
                  </fields>
               </schema>
               <output>
                  <field-expr>
                     <![CDATA[ESP_aWAve(quantity,price)]]>
                  </field-expr>
                  <field-expr>
                     <![CDATA[ESP_aMin(price)]]>
                  </field-expr>
                  <field-expr>
                     <![CDATA[ESP_ESP_aMax(price)]]>
                  </field-expr>
                  <field-expr>
                     <![CDATA[ESP_aStd(price)]]>
                  </field-expr>
               </output>
               <connectors>
                  <connector name="Output_CSV" class="fs">
                     <properties>
                        <property name="type">
                           <![CDATA[sub]]>
                        </property>
                        <property name="fstype">
                           <![CDATA[csv]]>
                        </property>
                        <property name="fsname">
                           <![CDATA[/data/placeholder_filtered_trades.csv]]>
                        </property>
                        <property name="snapshot">
                           <![CDATA[true]]>
                        </property>
                     </properties>
                  </connector>
               </connectors>
            </window-aggregate>
         </windows>
         <edges>
            <edge source="source_win" target="symcode_filter"/>
            <edge source="symcode_filter" target="aggFromFilt">
         </edges>
     </contquery>
   </contqueries></project>
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