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The FIspace Project
Leveraging on outcomes of two complementary Phase 1 use case projects (FInest & SmartAgriFood), aim of FIspace is to pioneer towards fundamental changes on how collaborative business networks will work in future. FIspace will develop a multi-domain Business Collaboration Space (short: FIspace) that employs FI technologies for enabling seamless collaboration in open, cross-organizational business networks, establish eight working Experimentation Sites in Europe where Pilot Applications are tested in Early Trials for Agri-Food, Transport & Logistics and prepare for industrial uptake by engaging with players & associations from relevant industry sectors and IT industry.

Project Summary
As a use case project in Phase 2 of the FI PPP, FIspace aims at developing and validating novel Future-Internet-enabled solutions to address the pressing challenges arising in collaborative business networks, focussing on use cases from the Agri-Food, Transport and Logistics industries. FIspace will focus on exploiting, incorporating and validating the Generic Enablers provided by the FI PPP Core Platform with the aim of realising an extensible collaboration service for business networks together with a set of innovative test applications that allow for radical improvements in how networked businesses can work in the future. Those solutions will be demonstrated and tested through early trials on experimentation sites across Europe. The project results will be open to the FI PPP program and the general public, and the pro-active engagement of larger user communities and external solution providers will foster innovation and industrial uptake planned for Phase 3 of the FI PPP.
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[bookmark: _Toc235242969]Introduction
[bookmark: _Toc234036369][bookmark: _Toc233045334][bookmark: _Toc233100222][bookmark: _Toc233109507]The aim of this document is to accompany the “B2B Core Modules – The manual for business architects” presented as a user guideline related to the business collaboration activities and provide an example application implementation involving the EPM and BCM components. The example application is built for the greenhouse scenario, executing business processes for monitoring of greenhouse-related activities.
In this document we focus more on the interaction between EPM and BCM modules and understanding logical dependencies between the components, and less on how to implement an application for each component, this is covered in the manual for business architects document.
Online documentation for B2B Core Modules – The manual for business architects: http://dev.fispace.eu/doc/wiki/b2b
B2B Core Modules – EPM and BCM collaboration
[bookmark: _Toc427230508]Overview
At the heart of the envisaged FIspace platform reside the Business-to-Business Core Modules. The B2B Core ensures that all information and status updates are provided to each involved stakeholder in real-time. The B2B core allows for the creation, management, execution, and monitoring of collaborative business processes in the FIspace platform. The B2B Core consists of two interrelated and complementary components: 
· A Collaboration Engine that captures, in the form of Business Entities, the information to be exchanged among collaborating stakeholders along with status and control of the a collaborative business processes. The BCM component is responsible to orchestrate the different processes from different stakeholders and assure the correct sequence of the tasks execution; 
· An Event Processing Engine that detects and analyses events coming from activities in the collaborative processes or from IoT devices. The Event Processing Module (EPM) component monitors events and detect situations of interest in real-time, i.e., situations that require appropriate reactions; 
The BCM component is responsible to orchestrate the different processes from different stakeholders and assure the correct sequence of the tasks execution. The BCM is based on the entity-centric approach (for more details, please refer to the outcomes of the ACSI project). This approach relies on the notion of business entities (aka, as (dynamic/business) artefacts). These provide a holistic marriage of data and process, both treated as first-class citizens, as the basic building block for modelling, specifying, and implementing services and business processes. A (business) entity is a key conceptual concept that evolves as it moves through a business (or other) process. An entity type includes both a data schema and a lifecycle schema which are tightly linked. The data schema provides an end-to-end conceptual view of the key data for this entity type. The lifecycle schema of an entity type specifies the different ways that an entity instance might evolve as it moves through the overall process. In FIspace we apply the GSM (Guards, Stages, and Milestones) model to specify the lifecycle schema of the business entities.
The Event Processing Module (EPM) component monitors events and detect situations of interest, i.e. situations that require appropriate reactions. The events sources (aka events producers) can be the actual execution of the collaboration (i.e., the BCM), external systems, or sensors. The EPM processes these events and by applying pattern matching derives situations of interest. Examples of situations of interest can be: Missing documentation at a certain point in time, a sensor reading outside a permitted range, or a delay in a delivery. In general, we can distinct between situations that result from the actual execution of the process or collaboration and situations that result from external events (i.e., events coming from external systems or sensors). The EPM in FIspace supports two types of situation detection capabilities: reactive and proactive. Reactive rules analyse past events and derive situations by applying pattern matching over a single or a set of events over time. Proactive rules, on the other hand, relate to situations that are likely to happen in the (near) future. In general, we refer to proactive event-driven computing as the ability to mitigate or eliminate undesired states, or capitalize on predicted opportunities—in advance. This is accomplished through the online forecasting of future events, the analysis of events coming from many sources, and the application of online decision-making processes. EPM application can be a generic application, suitable for different business processes of the same business process template, or custom application, customized from some generic application created for the specific business processes template by a business architect.
The result of EPM processing, in the form of derived events, or situations,  are streamed into the BCM engine for further processing. Further processing might include initiation of business process, update of existing state or termination of the business process, depending on the scenario and application logic. Additionally the BCM might also serve as a source of information for EPM and create events which might be correlated by EPM as part of its application logic.
These two modules are connected each to the other and to the other FIspace components of the platform via the Component Service Bus (CSB).
[bookmark: _Access_to_the_1]

Implementation of the Greenhouse scenario
[bookmark: _Toc427230509]Greenhouse scenario introduction
Two main business actors which are involved in this scenario: the farmer/greenhouse manager and an advisory/expert system enterprise, which provides advisory services to the greenhouse based on the conditions inside the greenhouse. The idea is that the sensors’ values of the Greenhouse are forwarded to the Greenhouse Farm Management System (FMIS), where they are contextualized, and afterwards they are forwarded to FIspace. In case of events inside the greenhouse (i.e. sensor values detected out of pre-defined boundaries) a request for actions is sent to the advisory system. The end-user receives the actions from the expert system via the respective FIspace app.
[bookmark: _Toc427230510]Logical collaboration flow between EPM and BCM components
The logical flow of this scenario is as follows (see Figure 1: Greenhouse sequence diagram): the EPM receives a ReceiveSensorValuesRequestMessage. This message contains information with different sensor readings, such as temperature, luminosity etc. Due to platform limitations, it is important that the lifecycle is singularly identifiable by just the business process id. This means that a business process should be created for each uniquely identifiable field – in this case, the combination of farmer, farm (farmId), and crop (cropFieldId) should have a unique business process. Thus, processing and state for different crops, even for the same farmer, have different business process ids and do not interfere with each other. EPM validates the readings inside the message versus specific thresholds defined for each reading type. If it detects a violation, it generates a B2BOutOfBoundariesNotification which is forwarded to the BCM system. BCM initiates a business process per the provided businessProcessId, and requests for advice. Until the advice is received, EPM will not continue additional notifications for out of bounds readings for this business process id, even though it might receive additional input messages where the values exceed the specified thresholds. This is done so that EPM doesn’t flood the advice system with request for advice, it will wait for notification that an action was taken. .Once it receives such notification, in the form of B2BContextTerminationNotification message, this will be an indication that this particular problem is considered to be taken care of, and therefore if additional ReceiveSensorValuesRequestMessage for this particular business process id are received which are out of bounds, it should again initiate a process for request for advice.
[image: ]
[bookmark: _Ref424558444][bookmark: _Toc427230514]Figure 1: Greenhouse sequence diagram
[bookmark: _Toc427230511]Greenhouse sample application description
EPM greenhouse application is defined per business process id. In case of greenhouse, business process id designates a specific farmer, farm, and crop. That means that for multiple crops of the same farmer, there exist multiple application definitions, created from some common template authored by business architect, but customized with specific threshold values matching the needs of each farmer. This is due to current platform limitation in information included in the messages, and not due to EPM limitations. In the future, once this limitation in messages is resolved, a business process can be created per farmer, and the farmId and cropId used in EPM segmentation context to run instance of the app for different crops in parallel. [footnoteRef:3] [3:  Once the relevant information regarding additional attributes are added to the core api messages, the EPM application can use a segmentation context, so that it monitors and treats sensor readings of each farm and crop separately by using an application instance instead of a new application, as it is currently done. In execution time it means that if it receives a notification of sensor readings per some farm and crop which exceeds threshold vales, and asks for advice, if it receives another message which also exceeds  threshold values for a different crop within the same farm, or for the same crop in different farm, it will ask for advice as well. However if it receives additional notification for the same farm and crop for which it already reported readings out of bounds and asked for advice, it will not notify again until such an advice is received.
] 

For EPM we demonstrate two customized greenhouse application definitions for different business process ids (representing farmer+farmId+cropId). EPMGreenhouseSample11234.json is for business process id 11234. EMPGreenhouseSample45678.json is for business process id 45678. Those custom applications can be created from a sample template application authored by business architect by providing custom values for parameter thresholds (in this application’s case those are the threshold values for different sensor readings). Please note that those thresholds are different. For example, see the definition of threshold values in a EMPGreenhouseSampleTemplate.json (see Figure 2)
[image: ]
[bookmark: _Ref426381331][bookmark: _Toc427230515]Figure 2 - EPMGreenhouseSampleTemplate.JSON

[bookmark: _Toc427230512]EPM application definitions and flow with BCM
Each of the different EPM applications (per different business process ids) will listen on events on different CSB queues. Therefore, each of the applications will receive messages only related to the specific business process id. Figure 3: CSB producers definitions for the two customized applications demonstrates the CSB adapter definitions for the two applications. The first figure demonstrates a queue defined for business process id 11234, the right side demonstrates a queue for business process id 45678.Please not that this information is automatically generated for a business-process specific application during deployment, this is not something provided by the business architect.
[image: ]

[image: ] 
[bookmark: _Ref424558546][bookmark: _Toc427230516]Figure 3: CSB producers definitions for the two customized applications
Once the ReceiveSensorValuesRequestMessage arrives to one of those applications via those CSB queues, this sensor reading is processed against the threshold values specified in the SensorDeviationDetection EPA. Please note that the values are customized per application from the template application, as mentioned in Figure 2 
For the businessProcessId 11234 those values are (Figure 4): 
[image: ]
[bookmark: _Ref427181420][bookmark: _Toc427230517]Figure 4: Threshold values per business Process Id 11234
Allowed sensor values for this farmer are:
· 10 ≤ temperature ≤ 33
· 5 ≤ luminosity ≤ 40
· 50 ≤ airHumidity ≤ 80
· 5 ≤ PH ≤ 7
· 1.5 ≤ EC ≤ 3.5
· 60 ≤ soilMoisture 90
· 200 ≤ CO2 ≤ 1000

On the other hand, for business process with id 45678 the threshold values specified are 
[image: ]
[bookmark: _Ref427181486][bookmark: _Toc427230518]Figure 5: Threshold values per business Process Id 45678
Allowed sensor values for this farmer are:
· 12 ≤ temperature ≤ 31
· 5 ≤ luminosity ≤ 42
· 50 ≤ airHumidity ≤ 80
· 5 ≤ PH ≤ 8
· 1.2 ≤ EC ≤ 3.5
· 65 ≤ soilMoisture 95
· 200 ≤ CO2 ≤ 1000

Once a sensor values violation is detected for the first time based on those threshold values, EPM creates and send a B2BOutOfBoundariesNotification event to the BCM consumer (this is an outcome of the calculation) – see Figure 5. 
[image: ]
[bookmark: _Ref424558705][bookmark: _Toc427230519]Figure 6: SensorReadOutOfBoundaries EPA and its derived event, B2BOutOfBoundariesNotification
One thing to understand regarding the outbound events in general –since the communication is done via CSB, eventually the event is transformed into a POJO object which is then sent via the CSB mechanism. The definitions of how to transform the derived events and how to send them using CSB are placed in CSB consumer.(see Figure 7)
[image: ]
[bookmark: _Ref427181611][bookmark: _Ref424558775][bookmark: _Toc427230520]Figure 7: CSB consumer definition

One of the relevant definitions is the path to the jar file where the classes for such POJO objects are stored. The transformation from derived event to a POJO is done based on name matching – for this particular event, we will look inside the jar specified in the CSB consumer “jarPath” property, and will look for a class named “B2BOutOfBoundariesNotification”. We expect to find such a class with setters for fields which match the attribute names of the B2BOutOfBoundariesNotification event.
In case EPM cannot find such a custom POJO in the consumer jarPath, it will construct a generic message (EpmBcmGenericMessage) which will be transferred via CSB to BCM and BCM knows how to handle it.[footnoteRef:4] This generic message has the following built in information:  [4:  In any case, whether what transmitted to BCM is the generic message with the structure defined above, or a custom POJO, those objects will be wrapped in an envelope object, additional information from CSB consumer such as businessProcessId and businessProcessTemplateId (see  Figure 6) will be added to this envelope message, and this will be transmitted to BCM
] 

· eventTypeName – the name of the event type this message represents. In our sample case, it will hold “B2BOutOfBoundariesNotification” value
· businessProcessId – will hold the businessProcessId value
· attributes – is a map of String keys and Object values, this map with be populated with attribute names of the derived event (in our sample case, “airHumidity” for example, since B2BOutOfBoundariesNotification event type has such attribute) and their respective values.

Once the B2BOutOfBoundariesNotification message reaches BCM, it initiates a business process handling of the threshold violation. This involves sending a request for advice (GreenhouseAdviceRequest) and when receiving the AdviceResponse, in forwarding it, and closing the EPM context explicitly, using a context termination notification message. See the BCM application definitions and flow section for the details of configuring BCM for this scenario. 
There exists a predefined context termination message which BCM can send to EPM in order to close the EPM context; this should usually be done once a business process is terminated, but for more advanced processes, it may be done earlier. The object representing this message is named B2BContextTerminationNotification. It has a businessProcessId field, and 10 String fields, named field1-field10. Those additional fields can represent any value which should be taken into account when terminating context. This event should be defined as part of EPM events definition, and should be defined as context termination event for the relevant context.
Let’s took event at this event’s definition in EPM configuration for greenhouse scenario. 
This is the B2BContextTerminationNotification event definition in EPM (Figure 8). Please note that in this scenario we are only interested in the business process id, so we do not have to declare any of the ten String fields of the B2BContextTerminationNotification object here.[footnoteRef:5]  [5:  Had we used some fields to segment the context by, these should then be included in the B2BContextTerminationNotification message, which is sent from BCM to EPM (and the mapping of these fields to the message’s field1, field2, etc., should be identical in both BCM and EPM (since the business architect is the one building both the EPM and the BCM applications configurations she needs to remember which field signifies which value).
For this particular scenario, what we would be interested in in order to terminate the context is which farm and crop is the termination related to, since all the processing is done per farm-crop level. So we would need to the farmId and cropFieldId values inside the termination event in order to terminate the context.] 

[image: ]
[bookmark: _Ref427181898][bookmark: _Ref424558844][bookmark: _Toc427230521]Figure 8 : B2BContextTerminationNotification event structure
In the greenhouse scenario, the B2BContextTerminationNotification is defined as a terminator of the temporal context within the composite DeviationFarmIdFieldId context.  (see Figure 9 for composite context definition)
[image: ]
[bookmark: _Ref427181952][bookmark: _Ref424558906][bookmark: _Toc427230522]Figure 9: Composite context definition



The FromDeviationToAdvice temporal context is defined as: (Figure 10)
[image: ]
[bookmark: _Ref427181989][bookmark: _Ref424558973][bookmark: _Toc427230523]Figure 10: Temporal context definition
The B2BContextTerminationNotification event is defined as terminator event for the temporal context. 
Given all definitions, a B2BContextTerminationNotification message will terminate the composite context instance of the matching business process id and will allow the request for advice process for this farm and crop to happen again in case of new threshold violations.















[bookmark: _Toc427230513]BCM application definitions and flow
Business Entity (BE): GreenhouseAdvice
GSM model (*):
[image: ]
[bookmark: _Toc427230524]Figure 11: BCM – GSM model
Greenhouse Information model:
[image: ]
[bookmark: _Toc427230525]Figure 12: Greenhouse information model

To begin configuration, one should use the BCM Configuration Wizard in the SDK. This includes choosing the domain (Agriculture), the name for the business entity (GreenhouseAdvice), and what messages should start the business process (eu.fispace.api.ag.GreenhouseAdviceRequest), and of course, selecting the previously created Business Process Template. Note that our business process can be started either by the farmer making an explicit request, or when the custom B2BOutOfBoundsNotification message arrives from EPM[footnoteRef:6]. Custom messages always arrive to the bridge as an EpmBcmGenericMessage. The default handling in the CSB-BCM bridge when receiving instances of this message is to create a new business entity (and thus a new lifecycle), using the business process id to instantiate the entity. Furthermore, the message is sent as an XML event – the root element is the eventTypeName and its children elements are: businessProcessId and each key appearing in attributes, the values for each element are taken out from the EpmBcmGenericMessage as appropriate.  [6:  Consult the BCM Guide for full details on what to do when sending custom events from EPM to BCM.] 


In order to receive the event in ACSI, it is necessary to define an additional data type (by right clicking on Data Types and selecting Create new data type). Enter the data-type name as B2BOutOfBoundariesNotification, and add each field as an attribute – the name should exactly match (e.g., luminosity), the type should match as well (e.g., double)[footnoteRef:7] and Max Occurs should be n (see Figure 14). Then, an Event should be added for it beneath the Event Model. Right-click on Event Model and select Create Event. Enter the Event Name as B2BOutOfBoundariesNotification, and select B2BOutOfBoundariesNotification for both the input message and output message (see Figure 15). As well, it is recommended to add an attribute called B2BOutOfBoundariesNotification of type B2BOutOfBoundariesNotification  to the business entity’s information model. We will later have to define a correlation key for B2BOutOfBoundariesNotification, as it is a custom message. [7:  When under the Data Type combo-box for an attribute, the list is alphabetically ordered and you can press the letter that starts the name of the data type, such as “d” for “double”, and it will go directly to types beginning with those letters. If you encounter a list which isn’t sorted, you can still press a letter to cycle through data types beginning with that letter. Note that there are some internally derived data types in the list, which begin with the __T_ prefix, these generally shouldn’t be selected by the user.] 

[image: ]
[bookmark: _Ref301082425][bookmark: _Toc427230526]Figure 14 B2BOutOfBoundariesNotification Data Type

[image: ]
[bookmark: _Ref301082444][bookmark: _Toc427230527]Figure 15 B2BOutOfBoundariesNotification Event
Now we are ready to define the lifecycle. Here, we define a root stage for the whole lifecyle, and then define sub-stages which deal with our events; what to do when we receive the B2BOutOfBoundariesNotification message and the resourceAvailableNotification.[footnoteRef:8] Figure 16 shows what the information model should look like. Figure 17 shows the GSM lifecycle stages. When we receive the B2BOutOfBoundariesNotification message we send out a request for advice (leveraging the external service for the capability type). When we receive the resourceAvailableNotification we likewise notify the farmer (again, using the appropriate external service), as well as closing the EPM context. The EPM context is closed by invoke the close_epm_context service and sending the predefined B2BContextTerminationNotification message. It is important when sending this message to populate the businessProcessId field from the business entity, or from the resourceAvailableNotification itself.  See the figures below highlighting different aspects of the lifecycle (not all stages and tasks are shown below, click through the screens in the loaded sample to see how everything is set up). [8:  In general, the message ResourceAvailableNotification is used to indicate when data is available – this message doesn’t have any further identifying information, and thus should only be used when the business entity is only identifiable by the business process id. Note that the data type for ResourceAvailableNotification in ACSI is resourceAvailableNotification - this matches the element defined in the XSD schemas – there is also a __T_ResourceAvailableNotification data type. This data type is marked with the __T_ prefix to indicate that is for internal use – it represents the complex type ResourceAvailableNotification defined in the XSD schemas, but it should not be sent (as it doesn’t have a matching element definition in the XSD schemas – i.e., it is not declared to be a message type). 
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[bookmark: _Toc427230530]Figure 18 Root stage for the GSM lifecycle
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[bookmark: _Toc427230531]Figure 19 RequestAdvice stage with associated task (reached by clicking … button next to Atomic Stage on the stage editor page).
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[bookmark: _Toc427230532]Figure 20 SendResourceAvailableNotification stage with associated task (reached by clicking … button next to Atomic Stage on the stage editor page). 
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[bookmark: _Toc427230533]Figure 21 HandleAdvice parent stage
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[bookmark: _Toc427230534]Figure 22 CloseEpmContext stage with associated task
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[bookmark: _Toc427230535]Figure 23 Setting the data to be sent when invoking the close_epm_context external service (reachable by clicking the … button next to Task Type)
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